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THE VISIBILITY OF I^IONOCHROIMATIC RADIATION 
AND THE ABSORPTION SPECTRUM OF 
ITSUAL PURPLE. 

Bv SELIG HECHT* akd ROBERT E. WILLIASIS. 

(From fhe Ldboraiory oj Physical Chmislry, Eanard Medical School, Boslon, and 
the George HoU Physics Laboratory, Univerisiy of Liverpool, Lkerpool.) 

(Received for publicatioD, July 1, 1922.) 


I. 

Reasons for Experiments. 

VTien the visible spectrum is reduced to a very low intensity, and 
is viewed by a dark adapted eye, it appears colorless. The different 
portions of the spectrum, however, possess different degrees of bright- 
ness, the center being much brighter than the ends. Apparently, 
a given quantity of light energy will produce a quantitatively different 
effect depending on its frequency. It seemed to us that an exact 
knowledge of the relation between frequency and brightness at low 
intensities of illumination should furnish data bearing on the mechan- 
ism of dim vision, a hint of which had already been received in a study 
of dark adaptation (Hecht, 1919-20). We therefore set ourselves the 
task of determining accurately this relation between the frequency 
of light and its ability to produce a colorless sensation in the eye. 

Attempts to do precisely this have already been made by several 
investigators. Perhaps the earliest were Ebert (1888), Langley (1888) 
and Hillebiand (1890). They were followed soon afterward by 
Abney and Festing (1893) and von Kries and Nagel (1896), and later 
by Schatemikoff (1902), Pfliiger (1902) and Trendelenburg (1904). 
It might therefore seem superfluous for us tohave undertaken this work, 
and to add another to the already overwhelming munber of papers 
on vision. Unfortrmately, however, the work of the above mentioned 
investigators is far from adequate, first because of the failure to recog- 

* National Researdi Fellow. 
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nize certain factors entering into the problem, and second because of 
the sparse and irregular nature of the data. 

It seems quite obvious that in order to make any correct compari- 
sons of the relative effects and stimulating power of the different 
portions of the spectrum, it is necessary to know their energy content. 
Yet Langley and Pfliiger were the only investigators who took this 
into consideration, and actually measured the energy distribution of 
the light which they used. The remaining authors either seemed 
unaware of this point (Ebert, Hillebrand, Abney and Festing, von 
Kries and Nagel, and Schatemikoff), or being aware, made no measure- 
ments with which to correct their data (Trendelenburg). Schatemi- 
koff, for example, determined the relation between wave-length 
and brightness for the spectrum of gas light, of sunlight, and of dif- 
fuse daylight, and notes without further comment that the maxima 
are in different positions. Pfliiger’s results, though corrected for 
energy distribution, are so irregular that they contribute very little 
to our knowledge except that light between 495 and 525 /jm possesses 
the maximum capacity for stimulating the dark adapted eye. Lang- 
ley’s results, though much better, are too few to serve our purpose, 
his measurements having been made with only three or four 
individuals. 

A second factor that enters into the measurements is again ignored 
by all the investigators except Langley and Pfliiger. In making de- 
terminations of the relative stimulating power of different lights it is 
necessary to make comparisons of the intensities which will produce 
the same effect in the eye. In other words, one must find the amount 
of light at different frequencies which will produce the same brightness 
in the eye. Both Langley and Pfliiger determined the energy at the 
threshold of visibility. The other investigators kept neither the 
brightness nor the energy constant, but varied both during the 
experiments. 

In short, it seemed high time to secure results by a method which 
should not only be free from the errors previously committed, but 
which should be applicable for use with a large number of individuals 
so as to yield data sufficient to establish the relationship for the eye 
in general. 
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Such data are urgently necessarj- at this time. Ever since Koenig* s 
(1894) first determination of the absorption spectrum of \dsual purple, ' 
there has been a groudng conviction, stimulated by the work of 
Trendelenburg (1904) and the publicity of Henri and Larguier des 
' Bancels (1911), that visual purple is the receptor substance for dim 
or twilight vision. The main point in the evidence has been that 
the absorption spectrum and the velocity of bleaching of visual 
purple coincide with the stimulating povrer of spectral radiation at 
low intensities. The degree of coincidence of these three phenomena 
is, however, far from comdncing. Due to the inadequacy of the data, 
their rather large deviations ma)’’ be ascribed to individual vacation, 
and to the necessity for making energy distribution corrections in the 
available data. These matters, however, lie at the very root of the 
photochemistry of photoreception, and carmot be dismissed in such 
an off hand marmer. They demand an accurate, quantitative in- 
vestigation. 

This we have endeavored to do. As will be apparent, the effort 
has been amply repaid by the demonstration of new regularities and 
suggestive correlations, quite different from what would be expected 
in terms of the inadequate data heretofore available. 


n. 

Apparatus, Methods, and Calibrations. 

1. The method which we first used consisted in determining the 
minimum intensity of a series of monochromatic illuminations which 
could just be perceived by the periphery of the eye. The apparatus 
was essentially a spectrometer, the light from which, after passing 
through a pair of Nicol prisms, was spread out on a plate of ground 
glass. Although we used highly intelligent subjects, our results were 
irregular. They resembled the data published by Pfliiger, and for 
our purposes were flat failures. 

The causes of the failure of such a method are instructive. In 
the first place, the experiments take a certain length of time, and 
during that time the eye of the subject varies. We do not speak of 
dark adaptation a source of error which we recognized and carefully 
controlled. We refer more to the normal variations in the visual 
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mechanisms from minute to minute, and to the effects of the strain 
involved in looking for these extremely dim lights. These variations 
involve changes of 100 per cent or more, and vdth this method there 
is no way of controlling them or of compensating for them. In the 
second place, it is extremely difficult to tell when one sees a very dim 
light and when one does not; and to be able to indicate the exact stage 
of the intensity when a light first appears or ceases to exist is a taxing 
task, especially if it has to be done a dozen times with different portions 
of the spectrum. After our experience, Pfliiger’s irregular results are 
not suiprising. Our results with this method are easily as erratic 
as those of Pfliiger. 

The method that we eventually adopted eh'minated both these 
sources of variation. Instead of working with illuminations which 
are only Just perceptible, we used an illiunination which, though well 
below the color threshold, is still bright enough to be seen easily by 
the dark adapted eye. We then measured the relative energy at the 
various frequencies which is necessary to produce this degree of 
brightness. Our method is therefore a photometric one, in which 
one of the lights is kept at a constant brightness. In this way there 
is at once removed the uncertainty and strain of looking for lights that 
are not there. Moreover, there are eliminated the effects of variation 
in sensitivity of the visual system during the course of the experi- 
ments. The subject is required to match photometrically the con- 
stant light which serves as a standard. If the eye varies, it does so 
both for the standard and for the experimental h’ght at the same 
time. With this method, the results took on at once a gratifjdng 
smoothness and regularity which will be apparent in the data to be 
presented. 

2. The arrangement of the apparatus will be made clear with the 
help of Fig. 1. A 500 candle power Pointolite lamp in a light-tight 
box hafe its incandescent target focussed on the sht of a Hilger mono- 
chrometer. This is a spectrometer of the constant deviation type 
with a slit and thermopile groove in place of the eyepiece. In these 
experiments both slits of the spectrometer were kept at a width of 
0.1 mm. The monochromatic light coming from the spectrometer 
spreads out gradually into a broad beam. Before it has sensibly 
diverged, however, it is passed through a pair of nicols, taken with 
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their mountings from a liilger spectrophotometer. The beam then 
spreads out, and 150 cm. from the sUt it is made to impinge on the 
end of a \devring box. 

Here it passes through openings in an othervrise opaque cardboard. 
The shape of this cardboard is shorm in Fig. 1. It is the pattern of a 
Lummer-Brodhim photometer made so as to be 10 X 10.5 cm. Since the 



Fig. 1. Diagiam of apparatus. The subject sits in the dark chamber curtained 
o5 from the rest of the dark room. Note that the front -(vall of this chamber is 
actually fourteen times as far from the spectrometer as shown in the drawing. 

subject’s eyes at the ocular end of the viewing bos are 25 cm. from the 
pattern end, the pattern subtends a visual angle of 22°. The white 
portion of the pattern represents the parts cut out of the cardboard, 
through which the monochromatic light passes. In the \iewing box 
and dose up against this pattern are two sheets of ground glass 
which serve the double purpose of diffusing the light and reducing its 
intensity. The ground glasses are, however, so near the pattern that 
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though, the light which comes through is diffused, it still possesses the 
shape given to it by the pattern. 

This takes care of the variable monochromatic light. The con- 
stant comparison light is incorporated into the pattern of the viewing 
box. It consists of a layer of radium paint which covers the portion 
of the pattern represented as black in the figure. The layer of 
radium paint gives a constant and continuous illumination for long 
intervals of time (several years) pro\dded it is not exposed to light. 
The brightness of this constant light was so adjusted as to be equiva- 
lent to an intensity of 2.7 times the threshold of visibility after com- 
plete dark adaptation. This was accomplished first by the tw'o sheets 
of ground glass already referred to, and second by sheets of translucent 
paper cut into the proper shape and placed between the paint and the 
ground glass. The papers and the cardboard are held together by 
being mounted between two plates of ordinary glass. 

The pattern end of the viewing box forms part of the wall of a 
dark chamber, curtained off from the rest of the dark room, in which 
the subject sits. In this way flashes of light used by the experimenter 
in taking readings and making adjustments are not seen by the sub- 
ject, and hence do not spoil his dark adaptation. Moreover, a slide 
at the ocular end of the viewing box excludes even the experimental 
lights from the eyes of the subject between actual observations. 

The intensity of the variable monochromatic beam is controlled 
by a coarse and a fine adjustment. The coarse adjustment consists 
of two neutral filters made of uniformly fogged photographic film, each 
reducing the intensity to and together to tvv. The fine adjust- 
ment between the range of the filters is made with the pair of Nicol 
prisms. The intensity which the nicols transmit is proportional to 
cos-e, where e is the angle between the prisms. At e=0° the trans- 
mission is the maximum; at 0=90° the transmission is zero. The 
function cos^e varies slowly near 0°, and very rapidly near 90°. In 
order, therefore, to have a nearly constant rate of adjustment, the 
, nicols were used between 70° and 20°. This is a range of approxi- 
mately tV, and thus covers the interval between the filters. By 
using the nicols always, first without any filter, then with Filter 1, 
and finally with Filters 1 and 2, it is possible to cover by a fine ad- 
justment a range of intensities from 1 to of the fight transmitted 
by the nicols alone. This was more than ample for the experiments. 
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The position of the nicols is indicated in Fig. 1. The filters were 
placed directly in the path of the monochromatic beam immediately 
on its emergence from the slit of the spectrometer, in the groove 
built for the thermopile. The filters were mounted in wooden cases 
which were so arranged as to fit this groove, thereby insuring a con- 
stant and accurate position of the filter. 

3. The apparatus as set up requires the calibration of the trans- 
mission of the filters, of the settings of the spectrometer, and of the 
energ}’- distribution in the spectrum. The filters were calibrated 
photometrically three times, using two sources of light 2 meters 
apart, and a Lummer-Brodhun photometer. The results were prac- 
tically the same each time. Filter 1 transmits 0.0977, and Filters 
1 and 2 together transmit 0.00954 of the inddent fight. 

The spectrometer, having once been set up, was not moved or 
readjusted during the experiments here recorded. It was calibrated’- 
ten times during the investigation by means of the three hydrogen 
fines obtained from a hydrogen discharge tube. The results varied 
comparatively little from time to time, so that we may take their 
averages as indicating the correct values. In recording the wave- 
lengths, we use the values obtained graphically from the calibration 
curve made by plotting the actual values of the hydrogen lines against 
the drum readings. 

The Pointofite lamp which we used runs on 230 volts and4.5 amperes. 
We calibrated its energy content in the "vdsible spectrum by means of 
a Hitchins thermopile and a Broca galvanometer. The resistance 
of the thermopile is 14.9 ohms, and that of the galvanometer 9.02 
ohms. The results are shown in Fig. 2, in which each point is the 
average of four separate measurements. The energy content of the 
wave-lengths used in the experiments have been determined by graphic 
interpolation from this curve. 

4. The method of taking observations is very simple, and requires 
no prevdous training or experience on the part of the subject. It 
merely requires him to be intelligent and interested. The subiect 
is brought into the dark room, and 10 minutes are spent in explaining 

* During the calibration of the spectrometer and of the energy content of 
the lamp, we had the help of Mr. R. A. Woodeson, to whom we wish to express 
our thanks. 
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the object of the experiment, the apparatus, and the procedure. He is 
then seated in the curtained off, dark chamber in front of the ocular 
end of the viewing box. Special precautions are taken to make the 
subject very comfortable, to have his back supported all the time. 
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Fig. 2. Energy distribution in spectrum of a 500 candle power Pointolite lamp. 
Each point is the average of four determinations of the galvanometer deflection 
obtained from a thermopile placed in the position indicated in Fig. 1. 

to have the chair the right height, etc., so that the act of sitting for 
an hour and a half or more will involve as little physical strain and 
discomfort as possible. The positions of the chair and the subject 
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are so adjusted tliat iiv order to look, into the \dewing box he is re- 
quired to move his head {orv>'ard only about 5 on. We mention these 
details because we are convinced that the personal comfort of the 
subject has a decided influence on the smoothness and accuracy of 
the results. 

The light from the spectrometer is cut off by placing the nicols at 
right angles, and the subject is allowed at least half an hour for dark 
adaptation. During this half hour the subject is kept interested by 
allowing him to watch the gradual appearance of the pattern formed 
by the radium paint, indicative of the increase in the sensitimty of 
his eyes. This pattern usually becomes faintly ^^sible after 10 or 
IS minutes. Dming the next 15 minutes it increases in brightness 
and dearness, so that the subject becomes familiar with its shape and 
learns how to find it when looking into the viewing box and pulling 
out the slide. The appearance of the pattern at this stage is that of 
an oval field of light with vertical dark bars in it representing the 
places where there is no radium paint and where the experimental 
light win come through later. The edges of the pattern are not 
sharp, because of the ground glass diffusion and the use of rod dsion. 

The subject is now given a few practise trials in the methods of 
making observations. The spectrometer is set for 412^l^l, the nicols 
being stfll at right angles. The subject looks in and obser\’^es the 
shadows and the pattern. This takes a few seconds only; the slide 
is immediately replaced in the 'vdewing box, and the subject remains 
in complete darkness. The movable nicol is then turned to admit 
some of the experimental light. The subject again obser\'es the 
pattern and notices whether the vertical shadows are stfll as strong 
as they were before. More illumination is admitted, and the subject 
again examines the pattern. This is continued until the shadows 
have completely disappeared, and the field has become xiniformly 
illuminated; the last observations are made slowly and in steps of 
about 10' of arc. The final judgment of uniformity is always checked 
after a rest of a minute or so. 

It should be emphasized that the errors and troubles of heterochro- 
mic photometry' do not exist here, because the field is uniform not 
only in lack of brightness contrast, but in lack of color as well. 
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of tliis minimum value of 10. This ser%’'ed to get the data for all the 
subjects into a similar order of magmtude. The results for each 
•wave-length for the 48 observations v-'ere then averaged. These 
averages are given in Table II, second column. In order to shov? 
them graphically, they are plotted logarithmically in Fig. 4. 



pG. 4. Relation between energy for achromatic -vision and wave-length. Each 
point is the average of 48 determinations. 

It is apparent from Table U and Fig. 4 that the -wave-length at 
which the minimum energy is necessarj^ to produce a given brightness 
is very near 510 uti. The energy values for the wave-lengths on both 
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sides of this point rise quickl}’-, and in the orange and the violet are 
more than a thousand per cent greater than at the miniTrmTn , 

Both the position of this minimum and the shape of the curve 
relating energy for ^^sion with wave-length are of significance for an 
understanding of the photochemistry of visual reception. We ghqll 
therefore devote the remainder of this paper to these two points and 
to certain other matters which arise in connection with them. 

TABLE n. 


Relation between Wave-Length and Energy for Vision and Visibility. 


Wave-length. 

Relative energy. 


W 



412 

158.1 

6.32 

455 

25.03 

39.95 

486 • 

11.99 

83.40 

496 

10.65 

93.90 

507 

10.06 

99.35 

SIS 

10.28 

97.30 

529 

10.98 

91.10 

540 

12.69 

78.78 

550 

17.99 

55.60 

582 

56.24 

17.78 

613 

367.2 

2.72 

666 

5,525 

0.181 


IV. 

Shape of Visibiliiy Curve. 

It goes almost without sa3dng that the rods must possess a photo- 
sensitive substance which has an absorption band in the visible spec- 
tnun. The effect of light on this substance is the initial event in 
its reception by the retina. Let us assume that in order to produce 
a certain sensation of gray in the ej’^e the same amoimt of photochemi- 
cal action must be induced in the sensitive substancej irrespective of 
the wave-length of the light. In terms of Grotthus’ law, and its 
quantitative demonstration by the work of Lasareff (1907), this 
means that to produce the same visual effect the sensitive substance 
win have to absorb the same amount of energy regardless of the 
wave-length of the inddent light. 
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Let us call tMs amount of energy At the position of maximum 

absorption X „„ of the sensitive substance, — — units of incident light 

will be sufficient to yield that amount of absorbed energy, a „„ being 
the absorption coefficient at the maximum. At any other wave-length 
X the absorption coefficient ax will be less than at but the amount 

E 

of light necessary so that E units are absorbed will always be — . In 

short, the amount of light Ax necessary to produce a given sensation 
at any wave-length X will be given by the equation 



By solving this equation for a\ we get 



which gives us the value of the coefficient of absorption of the sensitive 
substance for any wave-length. The term ^ is a constant, and E is 
a constant; therefore the absorption coefficient of the sensitive sub- ' 
stance for any wave-length is proportional to the reciprocal of the 
amount of energy necessary to produce a given sensation of gray at 
that wave-length. 

It should then follow that the reciprocals of our data in Table II, 
second column, should represent the absorption spectrum of the 
sensitive substance in the condition in which it is in the retina. The 
continuous (low intensity) cur\>’e in Fig. 5 shows the shape taken by 
the data when plotted in this manner. The values of the points are 
taken from the third column of Table 11, and are the reciprocals of 
those in Column 2 arranged so that the maximum of the curve has a 
value of 100. It is at once clear that the shape of the cur\’-e cor- 
responds to the shape of the absorption bands of numerous well 
known substances. 

It would be highly desirable to demonstrate this exact correspon- 
dence by applying an equation for the shape of an absorption band 
to the results in Fig. 5. Unfortunately this cannot be done with any 
great assurance in the present stage of our knowledge of absorption 
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spectra, because there exists no generally applicable equation for the 
shape of an absorption curve of a complicated substance in solution. 
In fact there exists no accepted interpretation of the shape of the 
absorption spectrum even of simple gases. 

Several attempts have indeed been made to devise some formula 
for the shape of visibility curves (as the curves in Fig. S have been' 
called) for high intensities (Nutting, 1908) as well as for low intensities 



Fig. S. Visibility curves for achromatic and chromatic vision. The ordinates 
are proportional to the absorption coefficients of the sensitive substances in the 
retina. The low intensity curve is therefore the absorption spectrum of the sensi- 
tive substance in the rods, while the high intensity curve is the absorption spectrum 
of the sensitive substance in the cones. 


(Goldhammer, 1905; Renqvist, 1920). The best that may be said 
for these attempts is that they are amusing. They contribute little 
to the theoretical aspects of the matter, because they are all strictly 
empirical. Nutting’s formula is based on a probability function, 
whereas Goldhammer’s equation has not even that basis. Although 
nominally derived from Wien’s formula for black body radiation, it 
is ready an arbitrary relation between pure numbers possessing no 
dimensions, and as such it has not a trace of theoretical significance. 
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Renq\n[st has tried to appty Planck’s resonance thcorj’' of light ab- 
sorption in gases to a calculation of Trendelenburg’s data for risibility 
at low intensities. Aside from the fact that Trendelenburg’s data 
are valueless for this purpose because he took account neither of the 
adaptation of his eye nor of the energy distribution in the gas flame 
which he used, the application of Planck’s equations in this connec- 
tion is rather arbitrary and is far from possessing any general signifi- 
cance. 

Nutting’s attempt to use the probability function is commendable, 
though he does not seem to recognise the significance of risibility 
cur\"es in terms of absorption spectra. The sjnnmetrical or nearly 
symmetrical cun^es that represent simple absorption spectra resemble 
strikingty the distribution cun'es of errors, of populations, etc. 
which are familiar in the theory of statistics. It may be that the shape 
of an absorption curv'e represents the fact that the absorbing substance 
is composed not of a uniform series of resonators, but of a group of 
resonators whose free periods may be expressed by the common dis- 
tribution curves of the statisticians. 

It is, however, not in our province to proceed any further along this 
line of reasoning. For our purposes it will suffice to note thesimilar- 
ity of our cunm with curves.showing the shape of absorption spectra, 
leaving aside for the moment the exact theoretical-interpretation of 
such curves. We may then proceed to a comparison of our results 
with those obtained in the study of the brightness values of spectral 
light at high intensities in which color enters as a factor. 


V. 

Chromatic and Achromatic Vi-si-on. 

In recent years many careful measurements have been made of the 
relative brightness of different parts of the spectrum at high intensities 
by methods of heterochromic photometry. The results of aU the in- 
vestigators have been about the same, except, as Hyde, Forsythe and 
Cady (1918) point out, that the cun’^es obtained with the flicker 
photometer have in general been somewhat wider than those obtained 
by methods of direct photometry. The method which we used in 
our own data on achromatic rision is one of direct photometric 



’ 18 VISIBILITY OF MONOCHR03IA.TIC RADIATION 

comparison. Witliout therefore entering into a discussion of the rela- 
tive merits of the two methods of heterochromic photometry, we 
have chosen for comparison with our own, those data, which like our 
own, have been made with a method of direct photometry. 

It has never been possible to make this comparison before except 
in the roughest manner (cf. Nutting), because the data for achromatic 
vision was so inadequate. Now that the necessary data have been 
made available, we may compare them wuth the recently reported 
measurements of Hyde, Forsthye and Cadj’' with 29 subjects. These 
authors give their data as tlie reciprocals of the relative energy' neces- 
sary to produce a certain brightness using different spectral colors. 
The curve which they present is reproduced in the broken (high in- 
tensity) curve of Fig. 5. It is at once clear that the curve also re- 
sembles the absorption spectrum of a substance ha\ung a band in the 
visible. 

Even a superficial comparison of the two cur^'es in Fig. 5 shows 
their similarity. To make an accurate demonstration of this resem- 
blance we have proceeded as follows: We have measured the horizon- 
tal distances betw'een the two curv'es in twelve places. The average 
of these twelve measurements turns out to be very nearly 48 
We have then moved the curv'e of Hyde, Forsythe and Cady 48 (in 
to the left, and have measured graphically the ordinates on their 
curve which correspond to tlie wave-lengths of the points on our curve. 
The two sets of points, theirs and ours, are plotted in Fig. 6. Their 
identity is shown by tlie fact that the same smooth cun^e passes 
through both sets of points. The agreement between the two sets of 
data is much better than the coincidence betw'een the five or six 
visibility curves at high intensity whicli have already appeared from 
the careful work of different laboratories (cf. for example, the set of 
curves summarized in the paper by Hyde, Forsythe and Cady). 

It is tlierefore apparent that tlie two curves — one at high intensities 
involving color vision, and the other at low intensities involving only 
gray ^'ision — are really the same cur\’'e in two positions on the spectrum 
48 up. apart. 

In order to make the comparison absolutely accurate, the data at 
high intensities should be corrected for tlie absorption of the macula 
lutea. The values for tlie high intensities are measured with the 
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fovea, vrhereas those at lovr intensities are measured with the periph- 
er}\ To compare the two results as far as their receptive elements 
are concerned, the macular absoiption should be considered. Un- 
fortunately, however, no decent data are available for this correction. 
Sachs (1891) measured the absorption of the yellow spot using a double 
collimator spectrophotometer of the Vierordt 1^’pe. The results 
he gives are few and irregular, and it would be an insult to the beautiful 
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data of Hyde, Forsythe, and Cady to subject them to a correction in 
terms of the rough and unreliable measurements of Sachs. 

^ Nevertheless we have made this correction for our own interest 
simply to see what influence it has on the results. It chano-es the 
shape of the curv^e slightly so as to make it more sjmimetricarand it 
moves the mammum from 554 to 540 That macular Lb^orp- 
bon reaUy accounts for this difference in the position of themammum 
IS demonstrated by the fact that visibility cun^es for colored lights 
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made -with the fovea and Tvith a region just outside of the macular 
area differ in the same direction and order of magnitude (Abney and 
Festing) . The corrected cur\'e still coincides with our points, but the 
difference between the two becomes only 39 instead of 48 iijx. 
Though this reduction is favorable to our interpretation, it possesses no 
theoretical significance, and leaves the fundamental fact secure that 
the two brightness curves — one for chromatic vision and the other for 
achromatic vision — are essentially the same curves in different posi- 
tions on the spectrum. 


VI. 

Interpretation of Similarity of Visibility Curves. 

1. There is one implication that follows at once from this identity 
of the shape of the two curves. No one has ever objected to the as- 
sumption that a single substance is concerned with the reception of 
stimuli which produce achromatic effects at low intensities. K 
our reasoning in an early part of this paper is correct, the low intensity 
curve in Fig, 5 represents the absorption spectnun of this substance 
in the condition in which it is in the retina. In the visibility of color 
at high intensities we find a curve which has exactly the same shape 
and size as that for no color at low intensities. It would therefore 
seem the most obvious thing to assume that in the brightness percep- 
tion of color, we are dealing also with the photochemical properties of 
a single photosensitive substance. As far as we ourselves are con- 
cerned, we definitely accept this assumption of a single photoreceptive 
substance as the necessary conclusion from the above comparison. 

Precisely what this involves one cannot say. Many questions arise 
at once. For example, is this single substance the receptive agent for 
only tlie brightness values of colors, or is it to be regarded as the re- 
ceptive material for color vision as a whole? There is no definite 
answer to this question at present. A certain amount of suggestive 
data exists for supposing that the brightness function may be distinct 
from the chromatic function, and the reader is referred to an extended 
discussion of the possibilities of this separation in a recent re\uew by 
Troland (1922). The similarity of the brightness curv^e to the ab- 
sorption spectrum of a single substance might be taken as additional 
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ewdence for sudi a separation if one adopts a three or four substance 
explanation of color vision. To us, however, this is not a necessary 
step. The field of retinal physiology has hardly been touched from 
the viewpoint of modem photocliemistry; and in \new of the mca- 
greness of our quantitative knowledge of the retina and of the photo- 
sensory behavior of dyes, it would be premature to decide the matter. 
AH that we wash to conclude at present is that judged solely by the 
visibility curves, there is as much evidence for assuming only one 
receptive substance for chromatic vision as there has been for achro- 
matic vision. There the matter must rest until further quantitative 
information becomes available. 

2. There are certain points with regard to this photoreceptive 
substance, however, a consideration of which will lead to a clarification 
of our ideas. We can usually reason about the color of a substance 
from its absorption spectrum. The substance represented by the 
high intensity curve in Fig. 5 should, like the one represented by the 
low intensity curve, be purple, but should also be shghtly more violet 
because its maximum is farther toward the red. This substance is to 
be found in the cones of the retina-. 

It will be at once objected that no such colored substance, in fact, 
no colored substance, has ever been demonstrated in the cones. The 
objection carries its answer with it. There are limits to the visibility 
of colored solutions. Make them sufficiently dilute, and look at them 
in thin layers, and they fail to be perceptible. The terminal segments 
of the cones, where presumably this substance is localized, form an 
extremely thin layer. If in addition the concentration of the sub- 
stance is low, the result will be an apparently colorless medium. One 
who is inclined to be skeptical on this point need only look at a thin 
layer of a not too dilute solution of hemoglobin, or at a crystal of 
hemoglobin xmder the microscope, to realise how limited is our capac- 
ity in this respect. 

The objection will then be raised that when the solution is so dilute, 
and the layer so thin, the photochemical characteristics of the sub- 
stance will have reached their vanishing point. Weigert (1920) has 
recently given the counter to such an objection by his beautiful work 
on the photochemical properties of thin layers of AgCl, and of dyes 
like cyanin. Far from losing their photochemical characteristics 
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these dilute, thin layers of material apparently acquire a number of 
new ones, which, as Weigert has pointed out (1921), will be of signifi- 
cance in any consideration of the mechanism of color vision. 

We may therefore accept the proposition that the high intensity 
curve in Fig. 5 represents the absorption spectrum of a dilute solution 
of a photosensitive substance in the condition in which it is in the 
cones. This substance is the receptive material concerned with the 
production of such quantitative relationships as given by the visibility 
curve. The recent work of Weigert has given us but a hint of the 
possibilities for a mechanism to accomplish such effects. But we 
must not jump, like the many lost souls already on record, into the 
realms of visual theory. 

3. We have then apparentl}’’ two photosensitive substances in the 
retina. One is in the rods, and has its maximum of absorption at 
511 ft/i, while the other is in the cones, and has its absorption maximum 
at 554 jjfi (or at 540 /jjli, if we adopt tlie correction for the absorption 
of the macula) . There are three logical possibilities for the relation 
between these two substances. They may be totally different 
substances; they may be similar substances differing perhaps in the 
position of the color-bearing groups in the molecule; and they may be 
identical. 

The first possibility of complete diversity of structural relationship 
is made doubtful by the striking resemblance of the two absorption 
curves. Judging by the persistence of such substances as hemoglobin 
and chlorophyll in different groups of organisms, it might be argued 
that the organism would not produce two widely different substances 
located in the same sense organ and fulfilling very nearly the same 
function of brightness evaluation. The argument is admittedly weak; 
its significance lies in the plausibility of the other possibilities. Be- 
tween the second and third possibilities there is little choice. The 
existence of two closely related substances would satisfy the situation, 
and there is something to be said for such an idea, as we shall pres- 
ently see. We wish, however, to call attention to the possibility of 
complete identit 3 ^ 

The main point is the difference of 48 (or of 39 /j/j really) between 
the position of the two maxima. Such differences are, however, well 
known in spectroscopy, and we may be pardoned for calling attention 
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to tliem here. It had been knowm a long time tliat the same sub- 
stance shovrs different positions for its absorption bands in different 
solvents; but it vas Kundt (1878) who made the first systemmatic 
investigation of this phenomenon. Kundt wished to correlate the 
degree of refraction or of dispersion of a solvent with its effect on the 
position of the absorption bands of a substance dissolved in it. He was 
only partially successful, and the rule which bears his name, though 
having a number of exceptions, has been shown to hold true for many 
substances. In its most general form, Kundt’s rule may be stated as 
follows. If one colorless solvent has a decidedly greater refracting or 
dispersing capacity than a second, then the absorption bands of a 
substance dissolved in the first will be nearer the red end of the spec- 
trum than when dissolved in the second (Kayser, 1905). 

Kundt’s rule has had a particular field of support in the sensiti^g 
properties of certain dyes on the photographic plate. Vogel (1874) 
found that the maximum of senativity of a photographic plate does 
not correspond with the maximum absorption of the added dye. 
The maximum of sensitivity is distinctly shifted toward the red. This 
work was later extended by Eder (1885) who showed that the shift 
is due to the actual position of the absorption maximum of the dye in 
the condition in which it is dissolved in the silver bromide grains. 
Eder obtained shifts toward the red varying from 15 to as high as 
65 up., while shifts to the extent of 31, 47, and 48 pp were fairly 
common. Eder has pointed out that this corresponds to Kundt’s 
rule because the density of the AgBr grains is 6.5 as compared with 1.0 
for water and 1.3 for dried gelatin. The still more recent work of 
Sheppard (1909) has amply confirmed the findings of Vogel and of 
Eder. 

The matter may be illustrated beautifully in the case of cyanin. 
Cyanin has a band in the red — Whence its blue color. Dissolved in a 
film of collodion which is still moist, cyanin is blue. If the film is 
allowed to drj'-, thereby increasing the density and refractive index of 
the collodion, the film becomes colorless, because the absorption band 
has been shifted into the infra-red (c/. Weigert, 1921), 

Enough has ahead}'’ been said to show how the same substance 
could give the two cun^es in Fig. 5, 48 pp apart, depending on the 
refractive index or density of the medium in which it is dissolved. 
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The Duplicity theory makes a sharp distinction between colored and 
colorless vision, the one being located in the cones, and the other in 
the rods. It is conceivable that the terminal segment of the cones is 
much denser and more refractive than that of the rods, and therefore 
that the same substance dissolved in the cones would have its ab- 
sorption band shifted strongly toward the red in comparison to its 
position in the rods. 

This matter, however, is not one for speculation, but can be put 
to experimental test; we are already engaged in preparing the experi- 
ments. There is, nevertheless, a test which may not be without 
significance, and for which the data are already available. To this we 
shall now turn. 


vn. 

Achromatic Brightness and Visual Purple. 

1. We have so far not mentioned the relationship of these phenom- 
ena to visual purple, because we have wished to consider the matter 
in some detail and from a point of view somewhat different than the 
one which has usually been employed (Ba3diss, 1918). In 1894 
Koenig measured the absorption spectrum of visual purple, and com- 
pared it with the brightness value of the spectrum to a color-blind 
person and to color-sensitive people at low intensities. He concluded 
that the two sets of curves were coincident, and deduced therefrom 
the idea that visual purple is the receptor substance for achromatic 
vision. Trendelenburg in 1904 next measured the rate of bleaching 
of visual purple in different parts of the spectrum. After measuring 
in addition his own visibility curve at low intensities, he compared the 
bleaching rates with his and Schatemikoff's visibility curves, and 
reached a conclusion similar to that of Koenig. Later (1911) Henri 
and Larguier des Bancels, without adding any experiments, recom- 
puted the data of Koenig iatid Trendelenburg and compared them with 
the results of Schatemikoff and Pfluger on the visibility of the spec- 
trum at low intensities. The conclusion they reached was that in 
order to produce a visual sensation, the incident light must be of such 
intensity that the visual purple in the rods will alwaj’^s absorb the same 
energy regardless of wave-length. This, as the authors point out, 
is the conclusion of Koenig and of Trendelenburg in a slightly differ- 
ent form. 
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It Viill be noticed that these conclusions all depend on the coinci- 
dence of the curv'e of the absorption spectrum of \dsualpurple with that 
of the curve for the \dsibility of the spectrum at low intensities. We 
have already pointed out at the beginning of this paper how unreli- 
able are the data describing the visibility of the spectrum atlowin tensi- 
ties. Indeed it was to supply this deficiency that our experiments were 
made. Now that we have secured these accurate data, it will be in- 
teresting to compare them with those of the absorption of ^^sual 
purple in order to see whether this much discussed coincidence is 
real or only the product of insufficient data. 

Before we do that, however, we wish first to say that, though we 
accept the conclusions of Koenig, Trendelenburg, and Henri and 
Larguier des Bancels with regard to the relation of visual purple and 
achromatic vision, we caimot accept the evddence on which they are 
based. In fact, we believe that their evidence actually proves some- 
thing quite different from what they thought. This parados de- 
serves an explanation. 

2. The terminal segments of the rods are, from aU observations and 
descriptions, fairly dense and highly refractive bodies — much more so, 
for example, than water (von Helmholtz, 1909) . It is in these that the 
visRal purple is dissolved in the living retina. If we may argue from 
Kundt’s rule, which we explained in the previous section, the position 
of the absorption maximum of visual purple in the rods will not be the 
same as that in solution in water or in dilute bile salts solution. The 
absorption band of the visual purple in the rods should be shifted 
toward the red because the medium is much denser and more refrac- 
tive than bUe salts solution. The sensitimty of the rods to spectral 
light should, therefore, just as the sensitivity of a stained photographic 
plate, be farther toward the red than would be expected from the 
position of the absorption spectrum of msual purple as measured in 
bile salts solution. 

If this were found to be true, not only would it strengthen our rea- 
soning in this matter, but it would lend support to the possible 
explanation which we ventured for the difference in position of the 
ma.ximum of sensiti\-ity of the rods and the cones. Indeed, it was the 
idea of this explanation that first led us to examine the data from thfg 
critical point of mew. 
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3. The absorption spectrum of visual purple has been measured on 
three occasions. The first was by Koenig in 1894. Koenig had 
built a new modification of the Vierordt spectrophotometer for just 
this work. But before he could acquire any technic with \dsual purple 
he came into the possession of a single human retina from a freshly 
extirpated eye. The temptation was too great, and even though the 
solution which he prepared was cloudy, he and Kottgen measured its 
absorption spectrum. The extended and fantastic theories which 
Koenig developed as a result of his measurements with this single 
retina are open for him to read who vtII. It is not for us to dwell 
too harshly on these lapses. If a datum is worth publishing it is 
worth interpreting to the limits of its capacity; and the criteria for 
publication are largely matters of taste, which are not in the realm 
of discussion. It will suffice to say that, though Koenig’s curve for 
the absorption spectrum is none too regular, it is sufficiently so to 
show clearly that its maximum is very near 500 ju/i. 

After more practise with the new spectrophotometer and with the 
technic of preparing visual purple solutions, Kottgen and Abelsdorff 
(1896) took up the study of the absorption spectrum of visual purple 
in earnest. They made a large number of measurements with visual 
purple from a variety of animals, and their results are indicative of 
careful work. They found that visual purple prepared from the mon- 
key, the cat, the rabbit, and the frog, gives the same absorption spec- 
trum. We have studied their individual measurements in great detail 
and in every instance for every preparation the maximum of absorp- 
tion is the same; that is, very near 500 mi. The individual readings 
between 620 and 460 mm agree very well with one another, and may 
be accepted with confidence, short of course, of an error in the cali- 
bration of the prism. However, the last two readings in the red 
(660 and 640 mm) and in the violet (420 and 440 mm) are subject 
apparently to a large experimental error, because the individual 
values vary as much as 100 per cent from one another, besides oc- 
casionally yielding the theoretically impossible negative value for the 
absorption coefficient. We have therefore not included these four 
points in a consideration of their data. 

The third determination of the absorption of ^dsual purple was 
made by Trendelenburg (1904). He made no systemmatic measure- 
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ments, but on sbc occasions during bis work on tbe bleaching of \'isual 
purple, he measured the absorption spectrum over short inter\'als 
now here, now there. The concentrations were never the same, and 
after making proper corrections, he averaged these irregular results. 
He then plotted them in comparison with those obtained by Kottgen 
and Abelsdorfi. Though it is obrious that his cur\-e lies consistently 
5 uti farther toward the red, he makes no comment on the comparison. 
We fail to imderstand this difference, and must attribute it to the 
irregularity of the measurements; but we are surprised that the dis- 
agreement was allowed to pass without comment. 

Of the three sets of measurements, those of Kottgen and Abels- 
dorff are therefore the only ones that can be considered as fulfilling 
the criteria of accuracy. Although all three sets of measurements 
show, without question, that the marimum of the spectrum ^Tsibilitj- 
is distinctly farther toward the red than the absorption maximum of 
visual purple in bile salts solution, we can make rebable comparisons 
only with those of Kottgen and Abelsdorff. These are presented in 
Fig. 7. The solid cur\'e with the small drcles is the \’isibilit\* cur\'e 
at low intensity taken directly from Fig. 5., and according to our 
reasoning represents the absorption spectrum of \-isual purple in the 
condition in which it is in the terminal segments of the rods. The 
other points and the broken line are the data of Kottgen andAbelsdorff 
for the monkey and the rabbit, their original values ha\'mg been 
recomputed so as to give the maximum a value of 100. Far from the 
two curves being coincident, it is apparent that the absorption spec- 
trum of visual purple in the eye is definitely and consistently farther 
toward the red than in water solution. The two cur\’-es are, however, 
identical, and represent no doubt the same substance in two different 
media obeying Kundt’s rule. 

4. This having been estabbsbed, it will be instructive to examine 
more closely the curves presented by the various authors in support 
of the coincidence of the two sets of observations. Koenig’s figure 
shows beyond question that not only the maximum but almost the 
entire curves for the brightness perception of the spectrum of a color- 
blind person and of color-sensitive people at low intensities are dis- 
tinctly farther toward the red than the maximum and curve for the 
absorption of visual purple. We have carefully replotted on a larger 
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scale the data given by Koenig, and find that the average difference 
between the two sets of data is about 
We have already pointed out the discrepanc}’- of Trendelenburg’s 
absorption data. But even here, if one examines the curves in Fig. 
7 of his paper, one sees that the DS-imneriingswerte are distinctly shifted 
an average of 8 iifi farther toward the red than the calculated absorp- 
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Fig. 7. Rdation between absorption spectrum of wsual purple in bile salts 
solution and absorption spectrum of sensitive substance in the rods as given by 
the visibility curve of Fig. 5. Though the two curves are identical, the visibility 
curve is shifted 7 or 8 toward the red, as would be expected in terms of 
Eundt’s rule. 

tion of visual purple as determined by Trendelenburg. The main 
work of this author, however, is the bleaching effect of different wave- 
lengths, which is probably quite accurate. If we compare the curve 
for the bleaching values with that for the dim values {Dammerungs- 
werte) of the same spectrum, we find here again that not only the 
maximum but the entire curve is displaced toward the red, an average 
distance of about 5 or 6 ftfi. 
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Final!}', in the paper b}' Henri and Larguier des Bancels, if we 
compare the cun'e representing the energy necessar}’- to produce the 
same absorption in Ausual purple with the curi'e for the energ>^ neces- 
sar}'- to see the spectrum at low intensities, we find exactly the same 
shift of the latter toward the red. The cur\'es are quite irregular, and 
it is hard to estimate the exact extent of the shift, but it varies between 
5 and 20 fifi in different parts. Any one who cares may see this for 
himself in the reproduction of Henri and Larguier des Bancels’ figure 
in Bayliss’ book on General Phy3iolog}\ 

In all the cases then, the shift, whether large or small, is consistently 
present, and is always in the same direction, toward the red. There- 
fore, as we pointed out, though we believe the conclusion expressed 
by these authors, we find that the evidence they present fails utterly 
to prove it. More than that, their data actually prove something else, 
which is quite as significant as what they were supposed to prove. 
This is that the absoiption spectrum of wsual purple in the rods, fol- 
lowing Kundt’s rule, is definitely shifted toward the red for a distance 
of 7 or 8 ftfj.. It is to this shifted absorption spectrum that, we believe, 
the proportionality between visibilitj’- and absorption must be 
referred. 

It is hardly necessary to indicate that this point too may be tested 
experimentally; but we do so in order to announce that we are prepar- 
ing to perform the necessary experiments. 

5. There is just one more point we wish to make about the absorp- 
tion spectrum of visual purple and its relation to the msibihty of radia- 
tion. We suggested the possibility that the two msibihty cur%’-es of 
Fig. 5 are manifestations of the same sensitive substance, and that 
the difference in the position of the two curv^es is explainable in terms 
of Kundt’s rule. This would assume that the visual purple which we 
can extract from the eye and whose maximum of absorption in bile 
salts solution is at 503 mm is present in solution in the rods where its 
absorption maximum is at 511 m;^, and in very dilute solution in the 
cones where its maximum is at 554 mm (or more probably, as corrected 
for macular transmission, at 540 mm)- 
The shift between the rods and the cones is a pretty big one. Not 
that such shifts are uncommon in the sensitization of a photographic 
plate, as Eder’s figures amply testif}-; but that such a shift h^ to be 
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produced by a pretty big increase in density and refractive index. It 
may be that the terminal segments of the cones actually possess this 
greatly increased density or refractivity; that is something that will 
have to be settled experimentally. There is however another con- 
sideration. 

We pointed out that one possibility in this relationship is that there 
may be two closely related forms of the sensitive substance differing 
slightly in some detail of molecular arrangement, which would ac- 
count equally weU for the shift in the absorption spectrum. There 
do exist what appear to be two such forms of visual purple. Kbttgen 
and Abelsdorff, in their study of visual purple, foimd a sharp distinc- 
tion between the substance obtained from fishes and from all other 
vertebrates. The maximum for the visual purple of all other verte- 
brates is, as we have given it above, 503 p/i. That from fishes is 
definitely more violet, and its absorption maximum is at 540 pp. 
This difference is too consistent for it to be anything but a real 
one. . 

This is all that is known. Whether the fish form of visual purple 
is the one that is present in the cones, or what this fish modification 
of visual purple is, are questions that cannot even be speculated on at 
the present time. We even refrain from the tempting, but probably 
quite futile, discussion of the evolutionary aspects of the situation. 
It is clear, however, that the field is ready for experimentation, and 
we hope that we may be fortunate enough to find some solution for 
these stimulating and provoking questions which strike at the basis of 
the mechanism of vision. 


SUMMARY. 

1. After a consideration of the existing data and of the sources of 
error involved, an arrangement of apparatus, free from these errors, 
is described for measuring the relative energy necessary in different 
portions of the spectrum in order to produce a colorless sensation in 
the eye. 

2. Following certain reasoning, it is shown that the reciprocal of 
this relative energy at any wave-length is proportional to the ab- 
sorption coefficient of a sensitive substance in the eye. The ab- 
sorption spectrum of this substance is then mapped out. 
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3. The curve representing the \asibilit3'- of the spectrum at ver>’’ low 
intensities has exactly the same shape as that for the visibility at 
high intensities invoking color \nsion. The only difference between 
them is their position in the spectrum, that at high intensities being 
48 uti farther toward the red. 

4. The possibility is considered that the sensitive substances re- 
sponsible for the two visibility cun^es are identical, and reasons are 
developed for the failure to demonstrate optically the presence of a 
colored substance in the cones. The shift of the high intensity visibil- 
ity curve toward the red is explained in terms of Kundt’s rule for 
the progressive shift of the absorption maximum of a substance in 
solvents of increasing refractive index and density. 

5. Assuming Kundt’s rule, it is deduced that the absorption spec- 
trum of visual purple as measured directly in water solution should 
not coincide with its position in the rods, because of the greater density 
and refractive index of the rods. It is then shown that, measured by 
the position of the visibility curve at low intensities, this shift toward 
the red actually occurs, and is about T or 8 ftfi in extent. Examination 
of the older data consistently conJBirms this difference of position 
between the curves representing visibility at low intensities and 
those representing the absorption spectrum of visual purple in water 
solution. 

6. It is therefore held as a possible hypothesis, capable of direct, 
experimental verification, that the same substance — ^\'isual purple — 
whose absorption maximum in water solution is at 503 nii, is dissolved 
in the rods where its absorption maximum is at 5 11 nfi, and in the cones 
where its maximum is at 554 fifi (or at 540 un, if macular absorption is 
taken into account, as indeed it must be). 

The experiments for this paper were performed in the George Holt 
Physics Laboratory of the University of Liverpool. We take this 
opportunity of thanking Professor L. R. Wilberforce for his kind- 
ness in placing the facilities of the laboratory at our disposal. It is a 
pleasure also to record our thanks to Professor E. C. C. Baly for the 
use of apparatus from the Laboratory of Inorganic Chemistry, and 
above all, for the generous hospitality of his laboratory. 
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THE COLLOIDAL BEHA\HOR OF SERVM GLOBULIN. 
By DA\TD I. HITCHCOCK. 

(From ike Laioralories of The Rockefeller Ir.slil:ile for UediccJ Research:) 
(Received for publication, June 2S, 1922.) 


I. 


IXTRODtrCnOK. 

The theory' of the colloidal beha\-ior of proteins developed by 
Loeb^ has been shown to apply to the proteins, gelatin, casein, egg 
albumin, and edestin.^ It may be recalled that this theory* is based on 
the idea that proteins are amphoteric electrol>*te5, reacting stoichio- 
metrically with acids and bases to form ionizable salts, and on Don- 
nan’s theory* of membrane equilibrium.®. The object of the present 
work was to find out whether the theory would explain the beha^■io^ 
of a serum globulin as well. 

The globulin was prepared from serum which was obtained by 
whipping and centrifuging fresh os blood. The senmi was diluted 
and the globulin was precipitated, near its isoelectric point by CO* 
and purified as described by Robertson.* The product was therefore 
the insoluble senun globulin or euglobulin. The isoelectric point of 
this globulin was foxmd by Rona and 5k'Iichaelis® to be at a hydrogen 
ion concentration of 0.36 X 10*^ (pH 5.44). 1 per cent suspensions 
of the present preparation in distilled water were found to have a 
pH of 5.41 or 5.42 at The removal of salts was assured bj* a 

measurement of the conductivity of a 1.628 per cent suspension 

> Loeb, J., Proteins and the theorj' of colloidal behavior, Xew York and London, 
1922; J. Gen. Physiol, 1918-22, i-iv. 

* Hitchcock, D. I., J. Gen. Pkysiol, 1921-22, iv, 597. 

J Donnan, F. G., Z. FJeklrachem., 1911, xvii, 572. 

< Robertson, T. B., The physical chemistry of the proteins, New York, London, 
Bombay, Calcutta, and Madras, 1918, 40. 

' Rona, P., and Mchaelis, L., Biackem. Z., 1910, ssviii, 193. ilichaelis, L., 
Die IVasserstofBonenkonzentration, Berlin, 1914, 56. 
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of the globulin in distilled water; the specific conductivity at 34° 
was found to be 1.2 X 10~® reciprocal ohms. The globulin was kept 
in suspension in distilled water saturated nath thymol, and was pre- 
seiA’^ed in an ice box. To obtain the concentrations of globulin re- 
quired for the experiments, the bottle was shaken and samples were 
vathdrawn by a pipette. The accuracy of this method of measuring 
the globulin was checked b3’' dry weight determinations on two 25 cc. 
samples; each was found to contain 0.407 gm. of dry globulin. 

Inasmuch as this globulin preparation did not give clear solutions 
with either acid or alkali, it is probable that it had become partly 
denatured or changed in some way during the process of purification. 
A second lot was prepared which gave nearly dear solutions in acid 
or alkali. Nevertheless, the first preparation could still be used to 
show whether or not a protein prepared from ox serum obeyed the 
same laws as other proteins. 


n. 

Tiiraiion of Globulin vnili Acids and Bases. 

Titration curves were obtained by measuring with the hydrogen 
electrode, at 33°, the pH of 1 per cent solutions of the globulin in HCl 
and H3PO4 of various concentrations, and of a 0.5 per cent solution 
of the globulin in HjPO^. The pH values were referred to 0.1 jr HCl, 
its pH being taken as 1.036. The results are given in Table I. 

In order to determine how much of the HCl was combined with 
the globulin, the amounts of HCl required to give the same pH to 
100 cc. of water, vuthout protein, were subtracted from the total 
amounts of HCl in Table I. The figures for the acid-water curve 
have been given in a previous paper.® In the case of H3PO4 it was 
pointed out in connection with the titration of edestin® that this 
method does not give the true amounts of combined add, on account 
of the repression of the ionization of the weak acid H3PO4 by the 
HsPOr ion from the protein phosphate. Accordingly the amounts 

® Hitchcock, D. I., J. Gen. Physiol., 1921-22, iv, 733. 
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of combmed HaPOi were calculated by the equation^ which was used 
in the case of edestin 

he 

® ■" h+k~^ 

Here a; = concentration of HjPOr from protein phosphate (as- 
sumed to be completely ionized). 
k = primary ionization constant of H3PO4 = 0.01. 
c = total concentration of H3PO4. 

h = concentration of H+ = concentration of HjPOr from 
H3PO4. 



pH 

Fig. I. Combination of globulin with acids. 

The values obtained in this way, together with the values for HCl, 
are plotted in Fig. 1 in terms, of cc. of 0.1 m acid combined with 1 gm. 
of globulin. Since the points fall on one curve it is to be inferred 

’’An equation identical with this was used by Pauli and Hirschfeld (Pauli, 
W., and Hirschfeld, M., Biochsm. Z., 1914, kii, 245; Pauli, W., Kolloidchemie 
der Eiweisskorper, Dresden and Leipsic, 1920, pt. 1, 57) to calculate the 
amounts of acetic acid combmed with horse serum albumin. However, since 
they plotted the amounts of combined acid against the total concentration of 
acid added instead of against the pH, they were not able to show tliat the 
protein was combmed with chemically equivalent amounts of weak and strong 
acids. 
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that the globulin reacts stoichiometrically with equal numbers of 
molecules of the two adds. In other words, both HCl and HiPO< 
react with globulin as monobasic adds. The combination curv'e 
appears to become horizontal at about 7 cc. of 0.1 ii add, indicating 
a combining weight of about 1,400 for the globulin. However, the 
height of the maximum is more or less uncertain. In attempting to 
carry the curve into the region of lower pH, it was found that the 
points for HCl varied irregularly on both sides of the value 7 cc.. 



while those for HsPO^ seemed to descend toward the axis of absdss$. 
The former deviations are evidently due to the magnification of errors 
involved in taking the difierences between two steep curv'es; the 
apparent decrease in the amount of H 3 PO 4 combined is probably due 
to incomplete ionization of the globulin phosphate in the presence of 
much HsPOi, while in the calculation it was assumed that the protein 
phosphate was completely ionized. At any rate the results in Fig. 1 
show that between pH 2 and 4 the globulin reacts stoichiometrically 
with equimolecular amounts of the two acids. 
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It should be added that a potentiometric titration of serum globulin 
witli HCl was made by Robertson.® He calculated the amount of 
combined HCl -simply by taking the difference between the total 
acid concentration present and tlie hj^drogen ion concentration found 
in the presence of tlie protein. This involves the assumption of 
complete ionization of the HCl, which is probably correct for tlie con- 
centrations he used, 0.01 m or below. His values fall at points higher 
than those in Fig. 1, and do not appear to reach a maximum in the 
range of acidity which they cover. The cause for this difference may 
lie in differences in the globulin preparations, or possibly in differences 
in temperature or in the standards of hydrogen ion concentration. 

Fig. 2 represents the titration of 1 per cent globuh'n ivith NaOH 
and Ba(OH) 2 . The curve is the original titration cun’^e; no attempt 
was made to calculate the amount of combined alkali. These two 
strong alkalies appear to give the same titration curve with globulin 
when the concentrations are plotted in terms of normality, indicating 
that the globulin combines witli them in equivalent, not in molecular 
proportions. 

These titration experiments indicate that serum globulin behaves 
like gelatin, casein, egg albumin,^ and edestin® in its stoichiometric 
reactions with acids and bases. 


ni. 

Membrane Potentials. 

In order to determine whether the Donnan equilibrium applied to 
the behavior of serum globulin, experiments were carried out by the 
method which had been used by Loeb> TOth gelatin and egg albumin 
and followed by the present writer- with edestin. Solutions were 
prepared containing 1 gm. of globulin in 100 cc. of HCl of various 
concentrations. These were placed in 50 cc. collodion bags fitted 
■svith rubber stoppers and manometer tubes, and the bags were sus- 
pended in beakers of HCl free from protein but of about the same 
pH as the protein solutions. Tire beakers were placed in a water 
bath at 25° ± 1°C., and about 20 to 24 hours were allowed for the 

8 Robertson, T. B., J. Fhys. Clie/n., 1907, xi, 437; The physical chemistry of 
the proteins. New York, London, Bombay, Calcutta, and Madras, 1918, 99. 
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attainment of equilibrium. Then the osmotic pressure was measured 
in terms of millimeters of the solution in the manometer tubes, and the 
P.D. between the inside and outside solutions was measured with the 
aid of saturated KCl-calomel electrodes and a Compton electrometer. 
The P.D. measurements were made at about 25°. The pH of the 
inside and outside solutions, at 33°, was then measured with the 
hydrogen electrode and potentiometer. The calculated p.d. values 


TABLE n. 


Effect oj pE on pjd. and Osmotic Pressure of 1 Per Cent Globulin Chloride. 


pTT indflft 

Hjifl 

4.38 

3.86 

3.55 

3.35 

3.06 

2.67 

2.19 

1.72 

pH outside 


4.12 

3.54 

3.21 

3.02 

2.75 

2.44 

2.07 

1.67 

Observed p. d., millhoUs . 


7.0 

16.5 

21.0 

21.0 

20.0 

15.0 


4.0 

Calculated pj>., millhoUs. 

17.5 

15.0 

19.0 

20.0 

20.0 

18.0 

13.5 

7.5 

3.0 

Osmotic pressure, mm . . , . 

9 

12 

23 

38 

57 

73 

71 

48 

27 


Effect of pH on p.d. and Osmotic Pressure of 0.5 Per Cent Globulin Phosphate. 


pH inside 

3.57 

3.26 

2.95 

2.76 

2.50 

2.30 

2.09 

1.97 

i 1.83 

1.66 

pH outside 

3.32 

■;mni 

2.70 

2.54 

2.35 

2.19 

2.02 

1.90 

1.78 

1.64 

Observed pj)., millivotls . 

12.0 

13.0 

13.0 

11.5 

9.0 

7.0 

5.0 

4.0 

3.5 

2.5 

Calculated pj)., mitlholts. 

15.0 

16.0 

14.5 

13.0 

8.5 

7.0 

4.5 

4.0 

3.0 

1.5 

Osmotic pressure, vim. . . 

9 1 

16 1 

29 

33 

25 

22 i 

19 i 

IS 

16 1 

14 


Effect of pH on p.d. and Osmotic Pressure of I Per Cent Globulin Acetate in 0.01 v. 

Sodium Acetate. 


pH inside 

4.63 

4.34 

4.02 

3.69 

3.35 

pH outside 

4.61 

4.31 

4.01 

3.63 

3.31 

Observed p.d., mitlholts . 

1.0 

1.5 

2.0 

2.0 

3.0 

Calculated P.D., millhoUs. 

1.0 

2.0 

1.0 

4.0 

2.0 

Osmotic pressure, mm 

6 

6 

7 

9 

11 


represent the differences between the e.m:.p. readings obtained for 
the inside and outside solutions with the hydrogen electrode, cor- 
rected to 25°; in other words, the calculated p.d. values are calculated 
from the measurements of the hydrogen ion concentration according 
to the formula deduced by Dorman (which is identical with Nemst’s 
formula). 

The results of experiments on the effect of acidity on the p.d. are 
given in Table II. 
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The results show that with protein and acid alone the agreement 
between the observed and calculated values for the p.d. is fairly good 
except in the region near the isoelectric point, and the last experiment 
in Table II shows that agreement may be obtained in this range of 
pH also by the use of buffered solutions.® 

The effect of salt concentration on the b,d. was tested by a few 
experiments with NaCl, CaClj, and LaCls, and the results are given in 
Table HI. Again tlie agreement between the observed and calcu- 


TABLE m. 

Effect of Different CMorides on the p.d. and Osmotic Pressure of 1 Per Cent Glohdin 

Chloride. 


Concentration of salt. 

0 

S7I»024 

k/256 

N/32 

Silt 


NaCl 

CaCIj 

LaCb 

NaCl 

CaCl, 

LaCU 

NaCl 

CaCl, 

Laa. 

pH inside 

3.68 

3. 58 


R| 



3.80 

3.66 

3.69 


pH outside 

3.34 

3.36 

3.38 

Km i 

3.76 

3.93 

3.73 

3.63 

3.63 


Observed p.d., millivolts . 

21.0 

13.5 

12.5 

13.0 

4.0 

3.0 

3.5 

1.0 

1.0 

1.0 

Calculated P.D., millivolts. 

Mmw 

13.0 

13.0 

12.5 

4.0 

10.0 

4.0 

1.5 



Osmotic pressure, mm. . . 

52 

25 

26 

28 

20 

16 

19 

4 




TABLE IV. 

Effect of pH on the p.d. and Osmotic Pressure of 1 Per Cent Sodium GlohuUnate. 



9.20 

9.98 

10.47 

11.05 


9.81 

10.34 

10.85 

11.31 


-32.0 

-23.0 

-18.0 

-11.5 


-36.5 

-21.0 

-22.5 

-16.0 

Osmotic pressure, nwi 

220 

174 

165 

152 


lated values for the p.d. is sufficient to show that the p.d. is due to the 
Donnan equilibrium. Moreover, the different chlorides, at equiva- 
lent chloride ion concentrations, have identical effects in depressing 
the P.D. This proves that here too, as in the case of other proteins, 
the P.D. is affected only by the ion of opposite charge to that of the 
protein ion. 

Table IV gives results which indicate that the predictions of the 
Donnan theory are fulfilled on the alkaline side of the isoelectric 

’ Loeb, J., J. Gen. Physiol, 1921-22, iv, 617. 
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point. Here the pH inside was found to be less than the pH outside, 
and the observ^ed t.h. was opposite in sign to that observed with the 
acid solutions, the inside solution now being negative with respect to 
the outside. WTiile the quantitative agreement between the observed 
and calculated values is not so good as on the acid side, this is probably 
due to the effect of CO 2 from the air on the pH values. The solutions 
were protected by soda lime tubes while osmotic equilibrium was being 
reached, but were open to the air during the p.D. measurements. 


I\^ 

Osmotic Pressure. 

The osmotic pressure of these solutions was affected in the same 
sense by changes in pH as in the case of other proteins. On the add 
side the osmotic pressure increased from small values near the iso- 
electric point to a maximum in the neighborhood of pH 3, and de- 
creased with further increases in acidity. This is qualitatively in 
accord with the Donnan theory. The actual calculation of the os- 
motic pressure from the hydrogen ion measurements, however, gave 
values which were much higher than those observed, the maximmn 
in the case of globulin chloride being over 3.5 times as high as that 
obseiv’^ed. The explanation for this discrepancy may lie in the 
existence of large aggregates in the globulin solutions. Loeb has 
showa*" that the presence of undissolved partides of gelatin in place 
of dissolved gelatin has very little effect on the p.d. of a gelatin chlo- 
ride solution, but that it materially decreases the osmotic pressure; 
the undissolved particles appearing to have but a slight share in the 
osmotic pressure as measured by the manometer. Since many of 
the globulin solutions were very opaque it is quite probable that 
much of the globulin was in the form of particles which produced no 
measurable osmotic pressure. However, a second preparation of 
globulin gave nearly dear solutions in HCl which still had an osmotic 
pressure much less than that calculated from the pH measurements. 

The small osmotic pressure which was measured, however, was 
affected by salts in the way predicted by the theorj'-. Table HI 
shows that equivalent concentrations of different chlorides had the 

Loeb, J., J. Gen. Physiol, 1921-22, iv, 769. 
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same effect in decreasing this osmotic pressure, the decrease being 
evidently dependent on the concentration of the ion of opposite sign of 
charge to tha;t of the protein ion. 

The osmotic pressure observed in the experiments -with all-alf was 
more nearly of the same magnitude as that calculated on the basis of 
the Dorman theory, indicating that the sodium globulinate probably 
contained fewer large aggregates than the globulin chloride. Quanti- 
tatively, however, the agreement was poor; possibly this may be due 
to the presence of sodium carbonate. 

smniARY. 

1. The globulin prepared from ox serum by dilution and precipita- 
tion with carbon dioxide has been found, by electrometric titration 
experiments, to behave like an amphoteric electrolyte, reacting 
stoichiometrically with acids and bases. 

2. The potential difference developed between a solution of globulin 
chloride, phosphate, or acetate and a solution of the corresponding 
acid, free from protein, separated from the globuhnby acoUodionmem- 
brane, was found to be influenced by hydrogen ion concentration and 
salt concentration in the way predicted by Dorman's theory of mem- 
brane equilibrium. In experiments with sodium globulinate and 
sodium hydroxide it was found that the potential difference could be 
similarly e^qjlained. 

3. The osmotic pressure of such solutions could be qualitatively 
accounted for by the Dorman theorj’-, but exhibited a discrepancy 
which is explicable by analogy with certain experiments of Loeb on 
gelatin. 

4. The application of Loeb’s theory of colloidal behavior, which had 
previously been foimd to hold in the case of gelatin, casein, egg albu- 
min, and edestin, has thus been extended to another protein, serum 
globulin. 

The miter’s thanks are due to Dr. Jacques Loeb for his suggestion 
and guidance of this work. 



THE EXCRETION OF CARBON DIOXIDE BY RELAXED 
AND CONTRACTED SEA ANTEMONES. 


By G. H. PARKER. 

{From the Zoologies Laboratory of Harvard University.) 
(Received for publication, April 15, 1922.) 


I. 


rNXROBFCnON. 

It is vrell known that dams, oysters, and other invertebrates, 
provided with smooth musde may contract and remain so even 
against considerable resistance for days or even weeks at a time. 
Oysters are said to keep their valves dosed against the action of the 
ligament for from 20 to 30 days. Sea anemones are in this respect 
almost equally remarkable, for they have been known to remain 
contracted for days or even weeks. 

As early as 1878 Coutance pointed out that the adductor musdes 
of the pelecypods were composed of two parts, one of smooth fibers, 
and the other of cross-striped. The quick dosing of the valves was 
accomplished by the cross-striped musde, and the continued dosure 
was maintained by the smooth muscle. Marceau (1909) compared 
the action of these musdes to that of a cog-wheel with a catch. In 
such a mechanism energy was required to move the wheel, but by 
means of the catch the whed could be held in any position without 
further work. Essentially, the same \iew was advanced by von 
UeskuU (1909) who found that among other invertebrate structures 
the spines of sea urchins were provided with two dasses of musdes, 
one for motion, and the other for holding. Musdes which have this 
peculiar capadty of holding have been called tonus musdes and Bethe 
(1903, 1911), as a result of his study of snails and of dams, dedared 
that in tonus musde energy is consiuned in passing from one state 
to another but not in maintaining a given state. The body musdes 
of the large marine snail Aplysia remained contracted 10 days in the 

45 
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animal without food, a condition inconceivable on the assumption 
that contraction implies a characteristically high rate of metabolism. 
A similar conclusion was drawn by Bethe from the fact that fresh 
water mussels remained contracted under load for as long as 25 days 
and yet the substance of these animals was no more diminished than 
that of those that were normally resting. Pamas (1910), who studied 
the absorption of oxygen and the excretion of carbon dioxide in Ham!:; 
and other pelecypods, found that at maximum contraction and imder 
high load the adductor muscles of these animals showed no increase 
of metabolism. Hence, the experimental evidence, so far as it goes, 
favors the view that in the so called tonus muscles the energy-con- 
suming process is merely that of changing from one state of shorten- 
ing or elongation to another, and that the maintenance of a state 
once reached is not at the expense of energy, but is dependent upon 
some such mechanical deidce as would be represented by a hook or 
a catch in such a mechanism as a cog-wheel (Bayliss, 1915). 

The muscles of sea anemones, so far as contraction is concerned, 
exhibit all the properties of the so called tonus muscles. The common 
sea anemone of the New England coast, MelriMum marginatum 
Edw., may be said to average about 6 to 8 cm. in height and 3 to 4 
cm. in diameter. Such an animal in a fuUy expanded condition may 
have a volume of about 85 cc. On passing into full contraction it 
will discharge sea water to the extent of about 70 cc. and the residual 
15 cc., representing for the most part the living substance of the 
animal, may remain in a contracted, compact form, for days at a time. 
The muscles concerned with this contraction, which are all of a very 
primitive, smooth variety, may shorten to as much as one-tenth 
their greatest length and remain persistently in this shortened state. 
Sea anemones afford, therefore, very convenient material for testing 
the question of the relative activity of tonus muscles at various stages 
of contraction. 

As previous workers have shown, the most convenient line of attack 
on this problem is the metabolic one, and of the evidences of 
metabolism the excretion of carbon dioxide is perhaps the easiest one 
to determine. The question resolves itself as follows: In a given sea 
anemone what is the output of carbon dioxide during the four states 
of relaxation, of contraction, of passing into the relaxed state, and 
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of passing into the contracted state? Assuming that the amount 
of carbon dioxide excreted is a measure of the metabolism of the sea 
anemone, these four determinations ought to throw light on the na- 
ture of the activity of tonus muscle, for the contraction and relaxa- 
tion of a sea anemone is the contraction and relaxation of its smooth 
muscles. 

In making these determinations an Osterhout respiratory apparatus 
was employed. This apparatus has already been described and 
figured (Osterhout, 1918), and the method by which it was calibrated 
for this particular piece of work has already been published (Parker, 
1922). SuJEce it to say that the apparatus consists of a system of 
chambers and tubes whereby a closed circulation of air is maintained 
by means of a rubber pump provided with valves. From a chamber in 
which the organism is contained, and consequently in which the carbon 
dioxide is produced, the air is carried either directly to a tube fiUed 
with an indicator solution, or indirectly to it, in that on the way to 
the indicator the air is passed through a U-tube filled with fragments 
of sodium hydroxide for the absorption of carbon dioxide. In the 
first instance, the air, carrying a definite proportion of carbon dioxide, 
bubbles through the indicator and gradually charges it with carbon 
dioxide, thus changing its tint; in the second, the air, freed from car- 
bon dioxide, bubbles through the indicator and washes out the con- 
tained carbon dioxide, thus returning the indicator to its original 
tint. Whether the air will go directly or indirectly from the chamber 
in which the organism is kept to the indicator, is arranged by a sj’s- 
tem of pinch-cocks. From the indicator the air is returned through 
the rubber pump to the chamber in which the organism is kept. In 
taking readings with this apparatus, a record is made of the time in 
seconds necessary to change the color of the indicator by means of 
the carbon dioxide given out by the organisms from one standard 
tint to another. The indicator used in these tests was an aqueous 
solution of phenolsulfonephthalein, and the two standard tints were 
those represented by pH 7.36 and pH 7.78 (see Osterhout and Haas, 
1918). In taking a reading, the apparatus was run with an appro- 
priate current of air till the indicator corresponded in tint to that of 
the standard tube pH 7.78; the air direct from the organism was then 
passed through the indicator and the time necessary to change the 
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indicator from the tint characteristic for pH 7.78 to that for pH 7.36 
was recorded. This rate of change was assumed to correspond to the 
rate at which the sea anemone gave out carbon dioxide, and was the 
desired figure. As these readings could be made every few minutes, 
for it takes only a short time to set and reset the apparatus, an almost 
continuous record of the carbon dioxide output of the sea anemone 
could be kept, a great advantage which the Osterhout apparatus has 
over those of other tj^Des of construction. As none of the previous 
workers on this problem had used methods presenting this advantage, 
it was hoped that novel results would be obtained thereby. 

The fiirst trials were made on sea anemones in expanded or contracted 
states in sea water, but it was soon evident that the carbon dioxide 
liberated by the sea anemone was not freely given up to the air by 
the sea water which, without doubt, acted as a buffer solution. For- 
tunately, however, M clridium is a sea anemone that naturally spends 
much time between tides and consequently out of water. Therefore, 
it could be suspended in the air without harm, and when tested in 
this position, its output of carbon dioxide was found to be continuous 
and relatively uniform. 

The work was done at the Marine Biological Laboratory at Woods 
Hole, Mass., and I am under obligations to Professor F. R. Lillie, 
director of the laboratory'', and his staff for many prh'ileges and 
courtesies. I am also under obligations to Professor W. J. V. Oster- 
hout for much help and ad'V’ice in the use of his respiratoy apparatus. 


n. 


OBSERVATIONS. 

A. Relaxed Sea Anemones . — ^In measuring the amount of carbon 
dioxide excreted by relaxed specimens of Metridiinn, it was found 
best to hang the animal in the respiratory chamber rather than 
to allow it to lie on the floor of the chamber. By puncturing the 
foot of the sea anemone a cord could be passed inward through its 
mouth and out through its foot in such a way as to make a convenient 
loop by which the animal could be suspended from a hook in the rub- 
ber stopper of the respiratory chamber. Such a sea anemone hung 
like a mass of tough jelly in contact on all sides 'with the air of the 
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respiratory chamber. Occasionally the vreight of the animal caused 
the cord to cut through the tissues and the whole animal fell to the 
bottom of the chamber, but in most instances the tissues were tough 
enough to resist the cord and the animal remained suspended during 
the test. The tissues of the sea anemone were too delicate to admit 
of much additional weighting so that the animals carried only their 

TABLE I. 

Times in seconds necessarj’’ to change the indicator solution in an Osterhout 
apparatus from pH 7.7S to pH 7.36 by the carbon dioxide excreted b 3 ' relaxed 
specimens of iletridium, Nos. 1 and 2 separately, and 1 and 2 together. At 
the bottom of the table are given the averages of the times, the carbon dioxide 
excreted in hundred-thousandths of a milligram per second, the weight of the sea 
anemones in grams, and the weight of carbon dioxide in hundred-thousandths 
of a milli gram secreted per second per gram weight of sea anemone. 


No. of individual 

1 

! 2 

lard 2 

Respiratoi>' time, sec. 

4U 

' 461 

207 


372 

438 

209 


466 

392 

231 


1 382 

401 

190 


420 

410 

228 

Average time 

424.8 

420.4 

213 

COj per sec., in 1/100,000 mg 

mm 

3.1 — 

6.0-h 

■Urnght, gm 

0.5 

0.5 

1.0 

CO. per sec., per gm 

6.0-f 

1 

6.1-f- 

6.0-f- 


own weight, and the muscles in contracting lifted that weight and 
no more. Sea anemones that had been thus hung soon discharged 
most of the sea water contained in their bodies, and tests were not 
made till this superfluous fluid had all been drained off. The sea 
anemone then hung as an elongated jelly-like mass surrounded on 
all sides by the air of the respiratoiy' chamber, and in this relaxed 
condition obser\'ations were made on the rate at which it excreted 
carbon dioxide. 

In some prelirmnary trials two relaxed sea anemones of the same 
weight, 0.5 gm., were tested separately and together with results 
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as shovpTi in Table L The average time necessary for the appropriate 
change in the indicator when the two animals were tested separately 
was approximately the same, 424.8 seconds for No. 1 and 420.4 
seconds for No. 2. Each sea anemone must, therefore, have produced 
carbon dioxide at about the same rate. \\'hat this rate was in absolute 
terms can be ascertained by using the formula obtained from the 
calibration of the apparatus as already referred to (Parker, 1922). 
This formula is as follows: 


in which K is the constant of the apparatus, in this particular instance 
1,283.5, T is the time in seconds for the indicator change, and W is the 
weight of carbon dioxide delivered in hundred-thousandths of a milli- 
gram per second. 

In individual No. 1, this rate proved to be 3.0-f- and in No. 2, 3.1 — 
hundred-thousandths of a milligram of carbon dioxide per second. 
When the two animals were tested together, the average time neces- 
sary to change the indicator was found to be 213 seconds which 
corresponds to the production of 6.0-1- hundred-thousandths of a milli- 
gram of carbon dioxide per second. Thus, the two sea anemones 
together made the requisite change in the indicator in almost exactly 
half the time taken by either alone, and gave evidence of excreting 
carbon dioxide at double the rate of the separate individuals. These 
tests not only yield results of importance in the respiration of 
MelriMwn, but they also indicate the relative accuracy of the 
apparatus. 

Other relaxed sea anemones were tested for their production of 
carbon dioxide with the results shown in Table II. Here it vdll be 
seen that the heavier the specimen, the shorter the respiratory time, 
and consequently the larger the calculated amount of carbon dioxide 
excreted in unit time. At the bottom of the table the amount of 
carbon dioxide in hundred-thousandths of a milligram excreted 
per second by a gram weight of sea anemone is given. This amount 
varies from 4.8-1- to 5.9-1- or, if all the results in this paper are included, 
from 4.4 to 6.1. The average of all these measurements is 5.43 — 
and it may, therefore, be concluded tliat a relaxed Melndiuin ex- 
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cretes for each gram of living substance about 5.5 hrmdred-thou- 
sandths of a milligram of carbon dioxide per second, a figure verj’’ close 
to that for the clam, Venus, as calculated from the observ^ations 
of Pamas (1910), namely, 2.3 hundred-thousandths of a milligram 
of carbon dioxide per second per gram of living substance. 

TABIE rr. 

Times in seconds necessarj’ to change the indicator solution in an Osterhout 
apparatus from pH 7.78 to pH 7.36 by the carbon dioxide excreted by relaxed 
specimen of Mctridium. At the bottom of the table are given the averages of the 
times, the carbon dioxide excreted in hundred-thousandths of a milligram per sec- 
ond, the weight of the sea anemones in grams, and the weight of carbon dioxide 
in hundred-thousandths of a milligram e.xcreted per second per gram weight of sea 
anemone. 



3 

4 

5 

6 

7 

Respiratory time, 



89 

71 

38 




103 

58 

42 


214 


96 

59 

38 




92 

63 

43 



IPS 

100 

66 

40 

Average time 

200.6 

202.4 

96.0 

63.4 

40.2 

COi per sec., in 1/100,000 mg 

6.4- 

6.3-}- 

13.4- 

20.2-f 

31.9-i- 

Weight, 

1.2 

f 

mm 

4.2 

5.4 

COj per sec., per gm 




4.S-h 

5.9-F 


B. Contraclcd Sea Anemones . — ^WTien a sea anemone is suspended 
in an Osterhout apparatus, it quickly assumes the relaxed condition 
and the records given in the preceding section were taken from ani- 
mals in this state. The contracted condition can be easily induced 
by mo^^ng the glass vessel in which the sea anemone is suspended 
back and forth a little, whereby the sea anemone is made to swing 
and strike on the sides of the vessel. This movement of the vessel 
can be accomplished without disturbing the rest of the apparatus in 
consequence of the rubber connections between the vessel and the 
other, parts. By thus stimulating the sea anemone from time to time, 
it can be kept in a condition of continuous and extreme contraction. 























Urinary Excretion Kinetics for Evaluation of 
Drug Absorption II* 

Constant, Rate-Limited Release of Tetracycline After 
Ingestion By Humans 


By EINO NELSON 


In /« vivo absorption studies in humans of a composition of tetracycline and mucic 
acid, it was found that absorption was rate-limited by the in vivo dissolution rate of this 
composition when it was administered as thin pellets whose surface area could be as- 
sumed to have remained constant after ingestion. The rate-limiting in vivo dissolu- 
tion rate was calculated to be about 2 mg. tetracycline as the hydrochloride per sq. cm. 

of composition per hour. 


^ I *His PAPER presents and discusses the results 
"*■ of studies on tetracycline in which constant, 
rate-limiting release of drug was established in 
absorption from the gastrointestinal tract of 
humans. The studies were conducted with a 
composition of tetracycline and mucic acid 
(TMAC). The bases for interpretations on the 
excretion rate measurement used in evaluation 
were described in the first paper of this series (1). 

EXPERIMENTAL 


tion indicated that this material possessed an average 
of 87% of the activit}’^ of the tetracycline hydro- 
chloride used in its preparation. The theoretical 
potency of a composition of two moles tetracycline to 
one mole of mucic acid is 88%. The composition 
possessed a water solubility at 25° of about 0,6 
mg. /ml. by microbiological assay and saturated solu- 
tions of the composition at 25° assumed a pH of 3.20 
as measured on a Beekman model G pH meter, 
freshly standardized at pH 4.01. The nature of the 
interaction between tetracycline and mucic acid is the 
subject of continuing investigation (3). 


Conduction of Tests, Assay, and Preparations of 
Dosage Forms. — ^All aspects of these procedures were 
essentially the same as previously described (2). 
Drug was ingested by humans in apparent good 
health on fasting stomachs. In one series of 
tests, each dose of drug consisted of two thin pellets 
or disks about 0.95 cm. in diameter and 0.15 cm. 
thick contained in 000 hard gelatin capsules W'ith 
sodium bicarbonate added to insure separation of the 
pellets in the stomach after ingestion. The dose of 
tetracycline was 200 ± 10 mg. in each test in terms 
of the equivalent of the hydrochloride salt. The 
compaction process used in preparation of the pellets 
insured their solution from exposed faces after in- 
gestion rather than disintegration. The geometry of 
the pellets indicated that release of drug should be at 
a constant rate in dissolution medium of constant 
composition, since the surface area of their faces was 
much larger than their peripheral surface area. In 
another test series using the same subjects, TMAC 
equivalent to 125 mg. of the activity of tetracycline 
hydrochloride was taken in a raspberry-flavored 
aqueous suspension. 

Collection times for urine specimens and pertinent 
data on subjects are indicated in the tabulated data 
that follow later in this report. 

Tetracycline Mucic Acid Composition, — This ma- 
terial was prepared by mixing stoichiometric quan- 
tities of tetrac 3 ’cline hydrochloride and disodium 
raucate in aqueous solution, collecting and washing 
the resulting precipitate, and drjdng under vacuum 
at room temperature over sulfuric acid. Repeated 
microbiological assaj’s on several batches of coinposi- 
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RESULTS AND DISCUSSION 

Excretion Data. — The cumulative amounts of 
tetracycline excreted to various times after ingestion 
of 200 mg. (HCl equivalent) of TMAC in the con- 
stant surface pellets is shown in Table I. The mean 
cumulative amounts of tetracycline excreted to 
various times after ingestion of 125 mg. (HCl equiva- 
lent) of the TMAC in suspension were 2.5, 8.0, 15.2, 
20.8, 27.1, and 32,9 mg. tetracycline hydrochloride 
equivalent at one, two, three, four, six, and eight 
hours, respectiveljr. The individual data will be re- 
ported in another paper (3). 

Interpretation of Excretion Data. — When cumula- 
tive plots of amounts of tetracj’cline excreted were 
constructed from the data collected on individual 
test subjects, it was found that in two cases the slope 
of the plots assumed a constant value between two 
and three hours after drug ingestion. This is shown 
in Fig, I for subjects B and T. When the averaged 
data from the six subjects participating in this par- 
ticular test were plotted, the same occurrence was 
noted as shown in the lower curv’e of Fig. 2. These 
results indicated that an equilibrium was established 
between tetracycline absorption, distribution, and 
excretion in accordance with considerations pre- 
viously discussed concerning the kinetic principles in- 
volved (4). As previously mentioned, due to the 
design of the pellet dosage form, the surface area ex- 
posed to medium at absorption sites could be e.\- 
pected to remain relativel}' constant during dissolu- 
tion leading to constant rate release and hence es- 
tablishment of the equilibrium condition noted. The 
slopes of excretion curves were 3.8 and 3.4 mg./hr., 
respectivelj’, for subjects B and T and 4.5 mg./hr. for 
all six subjects combined. These values, divided by 
the fraction of tetracycline in circulation that was 
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Tahi-e I— Cumdi ATivK MG. Tftuacycline and ml. Urine Excreted to Various Times from TMAC 

IN Pellet Form" 


Subject 

1 

2 

— niR. Evcrctcd, Hr 
H 4 


8 

1 

o 

— ml. Ui 
3 

rinc, Hr.- 
.1 

0 

8 

E (39-77) 

2 7 

9 2 

10 9 

23 0 

33 5 

42 8 

no 

340 

500 

590 

7S0 

970 

S (33-57) 

0 S 

5.0 

12.0 

20 1 

31 6 

38 9 

90 

2G0 

420 

590 

710 

870 

B (28-82) 

0,4 

Is 7 

5 S 

9 3 

IG 6 

23 9 

40 

80 

120 

160 

250 

350 

T (23-76) 

0 3 

2 1 

5 0 

8 3 

15 0 

20 6 

GO 

120 

180 

280 

360 

430 

N (21-77) 

0 

0 4 

1 1 

2 2 

4 8 

8 0 

310 

350 

380 

410 

480 

650 

H (2G-73) 

0 2 

0.9 

5 3 

12 3 

29 4 

49 4 

50 

160 

360 

580 

720 

860 

Mean 

0.7 

3 4 

rr 

12 5 

21 S 

30.6 

110 

218 

325 

435 

550 

672 


Dose equivalent to 200 i: 10 mg. tctrncycUne hydrochloride. Excreted amounts nre also in terms of hydrochloride 
equivalents. 

i Quantities in parentheses, arc subjects' urc in years (oUowcd by weight in Kg. 



' Fig. 1. — Constant e.\cretion rate after ingestion 
> of tetracj'clinc mucic acid composition in constant 
surface pellets by subjects B and T. Solid circles, 
subject T; open triangles, subject B. 




mucic acid composition was given as a 125-mg, 
j dose (HCl equivalent) in suspension, solid circles, 
rj “"'d as constant surface pellets of this material in a 
, -00-mg. dose (HCl equivalent), open triangles 

® upper curves show excretion rates in the same 

cases. 


excreted unchanged, gave the in vivo absorption rate 
(2).’ In consideration of the conditions necessary 
for establishment of the equilibrium, these same rates 
must be equal to the in vivo dissolution rate of the 
pellets. Since the surface area of the pellet dosage 
was of the order of 3 sq. cm., the average in vivo 
solution rate was about 2 mg. tetracycline HCl/sq. 
cm. /hr. 

The constant rate release discussed persisted on 
the average for at least six hours after establish- 
ment, indicating that tetracycline, as TMAC, was 
available for dissolution and absorption in the gas- 
trointestinal tract for at least the same period. 

The upper curves of Fig. 2 which are plots of ex- 
cretion rates indicate the nature of blood level curve 
that could be expected from the constant surface 
pellets of the TMAC under the conditions of this 
test. The corresponding cumulative amounts ex- 
creted and excretion rate vs. time curves for the 
125-mg. dose (HCl equivalent) of the composition in 
suspension are included on both the lower and upper 
diagrams of Fig. 2 for comparative purposes. The 
higher excretion rates from the suspension prepara- 
tion with a smaller dose of drug clearly indicate that 
in vivo solution rate was rate-limiting in absorption 
when the pellets were used and the correctness of the 
interpretation placed on the results. 

The interpretation in this section concerning the 
estimated magnitude of in vivo dissolution and ab- 
sorption rates from constant surface pellets are in- 
dependent of the amounts of tetracycline that may 
have been involved in an excretion-absorption cycle 
via the bile. Tetracycline is found in the bile in 
high concentrations (5), but the volume of bile flow- 
ing is a small fraction of the volume of the other 
fluids of distribution and only small amounts would 
be expected to be involved in this cycle. The possi- 
bility also existed that tetracycline was involved in 
another excretion-absorption cycle via the stomach 
as a consequence of the pH-partition hypothesis (6). 
However, since an equilibrium between tetracycline 
absorption and excretion was apparently established, 
drug in these cycles was at equilibrium with drug in 
other fluids of distribution. 

A generalized mathematical treatment to consider 
constant rate excretion from sustained release prod- 
ucts presented by Campbell and co-workers (4) may 
be extended to include the bile and stomach cycles 
to show that this conclusion is correct. The absorp- 
tion, distribution, and elimination of tetracycline 
may be portrayed by the following scheme when 


> If this fraction was about 0 7u, then multinlication of the 
excretion rates by 1.33 will give the absorption rates 
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drug IS released at a constant rate, Ri, at the abscrp 
tion site 


Drugs in other 
fluids of distribution 



L 


> 

Rt 




Drug in blood- 


h 


I 




Drug eliminated 
bj processes other 
than excretion in 
the urine 

•Drug excreted in 
the urine 


'-Drug excreted -1- 
in bile Drug excreted 

to stomach 

I 


In the scheme shown the ^’s iiith number sub 
scripts are first order rate constants for the indicated 
transfer processes and ma\ be considered to incorpo 
rate partition factors iv hen necessary, e g , betu een 
drug in blood and drug in bile The differential 
equations that describe distribution in the above 
scheme are 


Ri + k^A, 

J — k4A[, - 

- k.Ab - 

kiAb 


— kaAb — 

keAb + ^7 

A. + ksA 

. (Eq 

1) 

dA d/dt 

— kiAb — 

k^A d 

(Eq 

2) 

dAt/dl 

= ksAb — 

hA, 

(Eq 

3) 

dAJdt 

= ^eAb ■— 

kiA, 

(Eq 

4) 

dA 

ddi = kiAb 

(Eq 

5) 


In the above set of equations Ai, Ad, A,, A,, and 
Ac are, respectively, the amounts of drug in blood, 
other fluids of distribution, bile, stomach, and 
amount excreted Since constant rate excretion 
lias observed in the experiments, the amount of drug 
in blood Ah, must have remained at a constant value 
as a consequence of Eq 5 With At constant, 
dAh/dl = 0 Further, dAd/dl — 0, dA,/dt = 0, 
and dA,/dl = 0 Since conditions other than this 
one would not allow dAb/dl = 0, then 

kiAi — kjAd (Eq 6) 

ksAi = ksA, (Eq 7) 

keAh = ^jA, (Eq 8) 

and 

0 = Ri — (ki + k,’)Ab 

or 

At — Ri/ki + k (Eq 9) 

Equation 5 ma> then be written as 

dAc/dl - {ki/h + kc)Ri (Eq lOi 


The coefficient of Ri on the right hand side of Eq 10 
has previouslj been noted to be equal to/, the frac 
tion of drug excreted unchanged (4) so 

Constant excretion rate = /f?/ (Eq 11) 


More coraple' distribution schemes than the abo\ e 
could be written 1\ ith constant excretion rate, Eq 
11 would still be obtainable from the equations de 
scribing the more complex scheme For example. 


'drug in blood could be considered to exchange be 
tween seieral more compartments without affecting 
the generality and conclusions obtained from the 
scheme discussed in detail here 

Absorbability of TMAC in In Vivo Solution Rate- 
Limited Trials — The water solubilitj of TMAC was 
only about twice that possessed b3 tetraejehne In 
solution rate limited absorption trials with the latter 
material with the same subjects and under the same 
conditions as used for TMAC trials, the mean maxi 
mum excretion rate observed was of the order of 1 S 
mg /hr followed bi a steadily decreasing rate from 
about two hours after ingestion to the end of the 
tests (2) This contrasts to the constant rate of 
about 4 5 mg /hr persisting for at least six hours 
after its establishment, two hours after ingestion of 
the same dose of TMAC Since in both cases ab 
sorption was rate limited bj' rir vivo solution rate, tlic 
TMAC was capable of nearlj' constant rate dissolu 
tion after ingestion and the site of this dissolution 
was probably in the small intestine The abilit> of 
solid TMAC to dissolve in vivo at a fair rate even 
though its water soIubilitj' was of a low order, was no 
doubt due to a phj sical chemical propertj’ possessed 
b}' It but not b\ tetracj dine 

Tetraejehne possesses two acidic functions and 
one basic function (7) At hjdrogen ion concentra 
tions likelj' to be found in intestinal fluids, tetra 
cj dine w oiild exist either as the zwitter ion, since the 
pH of Its isoionic point is about 5 5,“ or as the anion 
to a lesser degree, depending on the pH of the fluids 
This means that the diffusion laj er surrounding un 
dissolved tetracycline would possess a pH near that 
of intestinal medium \o strong driving force for 
dissolution would exist under these conditions since 
the concentration in the diffusion later would be a 
small value On the other hand, the tetracycline 
mucic acid composition could be expected to possess 
an intrinsically strong driving force for dissolution in 
the intestinal fluids The distinct acidic reaction 
possessed b> the saturated solution of the composi 
tion as mentioned earlier m this report would nc 
cessitate a neutralization reaction to take place at the 
diffusion lajer" of undissolved material Since the 
hjdrogen ion concentrations of intestinal and duo 
denal fluids are maintained by a bicarbonate buffer 
sjstem, carbon dioxide would be evolved in this 
reaction Tlie gas evolution should hasten solution 
bj' facilitation of exchange of material between the 
diffusion laj er and medium This effect was 
observed tn vitro bj' immersing one of the pellets used 
in the in vivo trials in a simulated intestinal fluid 
containing a small amount of sodium bicarbonate 
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Studies on Local Anesthetics XXII* 

The Basic Aroxy- and Aralkoxyacetanilides 


By ALOIS BOROVANSKY, ALES SEKERAf, and CENEK VRBAJ 


The synthesis of nine isomeric phenoxy, ben- 
zyloxy, and phenylethoxy substituted diethyl- 
aminoacetanilides is reported. The activity 
in both surface and infiltration anesthesia and 
acute toxicity tests was determined. 

C ONTINUING OUR STUDY of the substituted 
acetanilides with anesthetic properties, we 
have prepared a new series of phenoxy, benzyloxy, 
and phenylethoxy derivatives of general formula 
I. Their structures are evident from Table II 


tics, and the analyses of the substances prepared are 
indicated in Table I. 

Diethylaminoacetanilides (I; S2S0 - &2S8) — 
These have been prepared according to the method 
previously used (2) by the reaction of the correspond- 
ing chloroacetanilidcs with the diethylamine in an- 
hydrous benzene The hydrochlorides were pre- 
cipitated from anhydrous ether solutions of bases by 
addition of ethereal hy'drogen chloride. The 
yields, the physical properties, and the analyses of 
the substances prepared are included in Table II 



NH-CO-CH- X 

1, X = — KCCjHs): 

II, X = —Cl 

R = CeHsO, CtHsCH.O, CsHsCH-CH-O 

1 We have been led to this mode of substitution 
/ by observation of the interesting pharmacological 
properties of the diethylaminoethyl esters of 
aroxy- and aralkoxycarbanilic acids, the prop- 
erties of which we have already reported (1) 

The compounds were prepared according to 
the method previously described (2) the 
chloroacetanilides (II), obtained from the re- 
spective aryl amines, are converted to the 
corresponding basic aroxy- and aralkoxyacct- 
anilides (I) by treatment with diethylamine 


Table I. — Substituted Chloroacetanilides 








V 






NH- 

CO-CHjCl 





Yield, 

M p, 

■ N, % ■ 

No 

R 

% 

' c 

Calcd 

Found 

1 

2-C6HbO 

97 

77 

5 35 

5 43 

2 

S-CsHbO 

07 

107“ 

5 35 

5 35 

3 

4 -C 5 H.O 

99 

101 

5 35 

5 42 

4 

2 CsHsCHjO 

95 

103 

5 08 

4 95 

5 

S-CsHsCH-O 

94 

120 

5 08 

5 14 

6 

4 -C 6 H 5 CH 2 O 

84 

MS'- 

5 08 

5 12 

7 

2 -C 6 H 6 CH 5 CH 2 O 

96 

59 

4 83 

4 60 

8 

S-CsHsCHiCH-O 

95 

63 

4 83 

4 99 

9 

4-CoH„CH2CH20 

76 

124“ 

4 83 

5 02 


<* From d\\\itcd ethanol 

Purification of the sample for analysis 100 cc of the 
anhydrous 5% chloroform solution was filtered through a 
column of 10 Gm of aluminum oxide (activity between I 
and 11) and was then eluted by 300 cc of the same solvent 
The product obtained by evaporation of the eluate was 
crystallized from dilute ethanol 
' From ethanol 


EXPERIMENTAL' 


Aromatic Amines. — These have been prepared by 
catalytic hydrogenation of the corresponding mtro 
compounds over Raney nickel according to the 
method described in a previous paper (1) The 
physical properties and the yields of the substances 
prepared correspond to the values there indicated 
Chloroacetanilides (II). — These have been pre- 
pared by the reaction of chloroacetyd chloride and 
the corresponding aryl amines in acetone in the pres- 
ence of sodium carbonate (2) For the final reaction 
the crude products were used The samples for 
the analysis were purified by crystallization from 
^-petroleum ether. The yields, the physical proper- 

' 'Received April Ifi, 1059, from the Department of Phar 
™«eutical Chemistrj, Masaryk University Brno, Czecho 
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I Department of Pharmacology fechool of Veterinarj Rie 
®rno, Czechoslovakia „ , , , a 

All melting points iiere determined on a Kofter block and 
are corrected Microanalj ses irere carried out by Mrs 
Wemova Parolkor i 


PHARMACOLOGY" 

The relative activity' of the compounds in surface 
anesthesia (rabbit cornea, 0 01 M cocaine as stand- 
ard) and infiltration anesthesia (intradermal applica- 
tion to guinea pigs, 0 02 M procaine as standard) was 
calculated from the molar concentration, experi- 
mentally found to give the same effect as the stand- 
ard The method has been described in detail by 
Vrba and Sekera (3, 4) 

The toxicity' was studied according to the method 
of Karber (5) by determining the LDjo in white mice 
(strain H) by subcutaneous injection. 

The results are presented m Table III. 

DISCUSSION AND SUMMARY 

Nine isomeric diethylaminoacetanilides, sub- 
stituted in the benzene nudeus by a pheno.xy, 
benzyloxy, and plien3'lethoxy group were pre- 

t We are obliged to Miss M Soukupov^ and A Novakovd 
Niplova for technical assistance Kith the pharmacological 
tests 
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KH-CO-CH2N(CoHs)2 


/ Base • Hydrochloride- 


No 

R 

Yield, 

% 

M p . 

0 c 

M p , 

° C 

Calcd 

•N, % . 

Found 

• Cl, % 

Calcd 

Found 

S250 

2-C2H6O 

72 


128 

8 39 

8 36 

10 59 

10 46 

S251 

3-C2H5O 

65 


131 5“ 

8 39 

8 30 

10 59 

10 39 

S 252 

4-C6H6O 

56 


123 

8 39 

8 53 

10 59 

10 01 

S253 

2-C6H6CH2O 

61 


125*’ 

8 01 

8 10 

10 17 

10 24 

S254 

3-C6H5CH2O 

76 


145 

8 01 

8 24 

10 17 

10 51 

S255 

4-CCH5CH2O 

78 

63“^ 

123 

8 01 

7 85 

10 17 

9 94 

S256 

2-C6H5CH:CH20 

79 


147-149 

7 72 

7 97 

9 77 

9 79 

S257 

S-CsHsCHoCHoO 

82 


150 

7 72 

7 55 

9 77 

9 62 

S258 

d-CcHjCHsCHoO 

81 

59" 

114 

7 72 

7 76 

9 77 

9 65 


a Before the precipitation of the hydrochloride, the benzene solution of the anhydrous base (10 50) was filtered through 
a column of 15 Gm of aluminum oxide (actmty between I and II) and eluted with 300 cc of the same solvent The hydro 
chloride was crystallized from benzene ether 
& From benzene-ether 

^ Anol^Q.a\cd for CigHsiOjNj (312 4) N 8 97 Found N. 8 93 
d Anal — Calcd for C?oH2602N2 (320 4) N, 8 58 Found N, 8 07 


Table III — Pharmacology of Substituted 
Diethylaminoacetanilides 


. Relative Actmty LDm 


Substance 

Surface 

Anesthesia 

Infiltration 

Anesthesia 

S c 
mg /Kg 

S250 

0 34 

1 6 

3,150 

S251 

7 4 

6 3 

1,800 

S252 

2 2 

3 2 

690 

S253 

0 6 

1 3 

4,800 

S254 

3 7 

4 7 

940 

S255 

5 3 

7 8 

1,100 

S256 

1 

0 6 

(6,000) 

S257 

0 8 

2 

7,200 

S258 

11 

6 9 

1,550 

S202 

0 24 

1 4 

365 

(lidocaine) 

Cocaine 

1 

3 6 

125 

Procaine 

0 15 

1 

630 


pared and tested pharmacologically The local 
anesthetic activities in surface and infiltration 
anesthesia and the acute toxicity were de- 
termined. It was found that most of the com- 
pounds are more active than cocaine in surface 
anesthesia and procaine in infiltration anesthesia 
It was also found that they are, at the same time, 
up to ten times less toxic than these two stand- 
ards. 

From the results obtained, the following con- 
clusions concerning the relations between the 
structure and the activity may be drawn: 

1. If the activity of the substances prepared 
is compared with that of the model substance 
lidocaine^ (S 202), it is to be noticed that lipophi- 

3 The trade name for hdocame is Xjlocainc. 


lization of the molecule bj’' the substitution of 
the phenoxy, benzyloxy, and phenylethoxy group 
generally increases the activity This increase 
is especially evident in surface anesthesia 

2 The substitution in the ortho position 
was seen in every case to be the least advan- 
tageous. Substitution of the phenoxy radical 
in the meta position produced the greatest 
increase in activity, whereas in the benzyloxy 
and phenylethoxy series the compounds sub- 
stituted in the para position are most active. 

3 The appreciably lower toxicity of these 
compounds in comparison with lidocaine (S 202) 
is surprising and significant This reduction in 
to.xicity affected by aroxylation and aralko.xyla- 
tion as illustrated by the compounds described 
in this paper, is more pronounced than in a 
series of closely related basic carbamates re- 
ported previously (I) It is interesting to 
notice a certain parallel between the anesthetic 
activity and the toxicity; the least active 
substances are also usually the least toxic 
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Notes 


A Note on the Application of Radioactive Isotopes to Studies of 

Drug Deterioration* 

By ROBERT F. SCHIFFMANt and JOHN E. CHRISTIAN 


T he PRonEEM of determining llic stability of a 
new drug or dosage form has long been a vexing 
one to the drug manufacturer. Great competition 
demands that the determination be carried out as 
quickly and as cnicieutly as possible. The general 
procedure followed at the present time is to place 
the drug under accelerated aging conditions and then 
to test for purity by ordinary chetnical and analytical 
means. The results thus obtained are then applied 
to basic kinetic principles, in a manner similar to 
that outlined by Garrett and Carper (1). In this 
manner it is possible to predict shelf life. 

The use of radioactive isotopes and tracer tech- 
niques suggests itself as a mctliod of studying sta- 
bility and shelf life since it offers great sensitivity 
and ease of detection, even in complex mixtures. 
In this work the application of this technique to 
the study of hydrolysis of C-14 carboxyl acetylsali- 
cylic acid is shown. 

EXPERIMENTAL 

The Electrophoretic Separation of Salicylic Acid 
and Acetylsalioylic Acid. — C-14 carboxyl salicyl- 
amide was converted to C-14 carboxyl salicylic 
acid by alkaline hydrolysis using sodium hydroxide. 
The C-14 carboxyl acetylsalicylic acid was prepared 
using the method of Richter (2). This latter com- 
pound showed a specific activity of 0.1 pc./mg. 
All separations were carried out employing the 
Reco apparatus.* The separations were performed 
on Schleicher-Schuell 2045A filter paper strips. 
A buffer mixture composed of citrate-HCl, pH 4.0, 
ionic strength 0.40, was employ'ed (3). Either 
0.01 ml. or 0.02 ml. of the compounds to be separated 
were applied to the negative side of the strip. The 
strips were then run in an open strip manner, 
>• e., the strips were suspended on three plastic 
bridges so that no part of the strips touched the 
table of the electrophoresis apparatus and the ends 
hung free in the buffer. The entire apparatus was 
then enclosed with the plastic cover furnished with 
the apparatus, and made airtight by sealing the 
openings with Scotch electrical tape No. 33.* 
Electrophoresis was run for ten hours at 200 volts 
which produced a current of approximately 5 ma. 

The spots were detected on the strips hy either 
spraying with diazotized /j-nitroaniline or by scan- 
ning with either the Actigraph apparatus* or the 

* Received August 21, 1959, from the Research Labora- 
Ihe Bionucleonics Department, Purdue University, 
tuesent Address: DCA Food Industries, Inc., d5 West 
•lOth St., New York, N. Y. 

\r”i5******** to the Scientific Section, A. Pn. A., Cincinnati 
t't^tmg, August 1950. 

No, E-800-2, Research Equipment Corp., Oakland, 

Mining and Manufacturing Co., St, Paul, 

apparatus, model No. C-100, Nuclear Instru- 
wind tihemical Corp,, Chicago, 111., 1.4 mg /cm.r, mica 


Forro apparatus.* The narrowest slit opening was 
used with each apparatus. 

Positive identification of the curves of the radio- 
active materials was made by comparison to con- 
trols of unlabeled salicylic and acetylsalicylic 
acids which were run along with these strips. The 
spots on the control strips were located by spraying 
with diazotized ;»-nitroantline. 

It was found that acetylsalicylic acid and salicylic 
acid could be separated by means of electrophoresis. 
However, the method used here was found not to be 
quantitative, since large sample losses, as shown 
bj' a decrease in total radioactivity, were found. 

The reason for the loss of sample in this pro- 
cedure is unexplained, although a possible explana- 
tion is that the passage of current may cause some 
decarboxylation of the C-14 carboxyl salicylic 
acid. 

Thus, the separations performed as a part of the 
kinetic study of aspirin described here are qualitative 
only. 

Study of the Hydrolysis of C-14 Carboxyl Acetyl- 
salicylic Acid. — One hundred milliliters of a solution 
of C-14 carboxyl acetylsalicylic acid were prepared 
in Sdrensen citrate-sodium hydroxide buffer of 
pH 6.7 (4), such that it had a concentration of 6 
mg./ml. One-half milliliter of solution was then 
placed in each of sixty 1-ml. rubber-capped vials.* 
Twenty vials were placed in each of three constant 
temperature baths, set at 25, 42 and 60°, ± 0.1°. 
The vials were removed from the baths, one at a 
time, at half-hour intervals. The last two vials 
in each bath were removed at intervals of approxi- 
mately twenty-four hours. Upon removal the vials 
were immediately placed in ice water and stored in a 
refrigerator. 

Twenty lambda of each sample was spotted on a 
strip and the strips were run, eight at a time, in the 
electrophoresis apparatus. The strips were then 
analyzed for radioactivity by scanning with the 
Forro radiochromatograph scanner. The graphs 
thus obtained were then examined for the break- 
down of acetylsalicylic acid and the formation of 
the products of deterioration. 

The results obtained after subjection of several 
of the C-14 carboxyl acetylsaficylic acid samples to 
60° are shown in Fig, 1. These graphs represent 
both the distance of travel of the radioactive ma- 
terials and the relative activity of the spots. The 
activities are related directly to the concentrations 
of the materials; thus it is possible to follow the 
course of breakdown of the acetylsalicylic acid and 
the subsequent formation of salicylic acid. 

* Forro radiochromatograph scanner, model ACSHL, 
the Forro Scientific Co., Evanston, 111., windowless, gas-flow 
counter. 

* Wheaton injectable vials, No. 150-1, star line, with No, 1 
sleeve stoppers. 
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^pUhods of Analytical Histology and Hislo-Cheniistry 
■^By Edward Gurr. The Williams and Wilkins 
Co., 428 East Preston St., Baltimore 2, Md., 1959. 
XV + 327 pp. 15 X 24 cm. Price §13. 

This book describes in concise detail the methods 
used in the microscopical identification, by color 
reactions, of chemical groups and compounds as the 5 - 
occur in normal and pathological tissues. Proce- 
dures which require costly treatment such as X-ray 
or ultraviolet spectrograph j', freeze-drying, etc., 
have been omitted. The text is divided into ten 
main sections under the headings: Proteins and 
their component amino acid groups. Carbohydrates, 
Lipids, Nucleic acids. Pigments, Enzymes, Mis- 
cellaneous methods for organic substances. Inorganic 
substances. Sundry technical methods. Additional 
references, and an Appendix. 

Methods of Biochemical Analysis. Vol 7. Edited 
by David Glick. Interscience Publishers, Inc., 
250 Fifth Ave , New York 1, N. Y., 1959. ix -1- 
353 pp. 15 X 23 cm. Price S9.50. 

This volume, the seventh in the series, is the 
first one in which methods and techniques of bio- 
chemical analysis will be reviewed. The contributed 
chapters cover: Imraunoelectrophoretic analysis. 
Analysis of basic nitrogenous compounds of toxi- 
cological importance. Spectrophotometry of trans- 
lucent biological materials — opal glass transmission 
method, Determination of inositol, ethanolamine, 
and serine in lipides, Assa:^ of lipoprotein lipase 
in vivo and in vitro, Determination of creatinine and 
related guanidinium compounds. Determination of 
ethyl alcohol in blood and tissues, and Determina- 
tion of heparin. Subject and author indexes for 
volume 7 and a cumulative index for the series are 
appended. 

Canadian Cancer Conference. I'ol. III. Edited by 
R. W. Begg. Academic Press Inc., Ill Fifth 
Ave., New York 3, N. Y., 1959 xiv J- 461 pp 
15 X 23 cm. Price §12. 

This volume of reports at the third Conference 
considers the recently gained knowledge of nucleic 
acid chemistry. Volume I explored: Experimental 
tumors, tumor-host relations, enzymes, and ionizing 
radiations; volume II covered: The cell, leukemia 
and chemotherapy, hormones and cancer, immunity, 
and basic mechanisms. The subjects in volume III 
are grouped under: Nucleic acids, genetics, viruses 
and tumors, and biology of cancer. 

The Actinomycetes. Vol. I. Nature, Occurrence 
and Activities. By Selman A, Waksman. The 
Williams and Wilkins Co., 428 East Preston St., 
Baltimore 2, Md., 1959. xi -f- 327 pp. 17 x 2.55 
cm. Price S12.50. 

This treatise is, in part, a summary of the investi- 
gations in soil microbiolog}' during the past 45 years 
by Dr. Waksman and his associates. It is, without 
a doubt, an authoritative compilation of the im- 
portant knowledge about the actinomycetes, which 
only about 20 years ago were dismissed as a “little- 
known group of microorganisms, A selected bib- 
liography requiring 41 pages, an index to species of 
actinomycetes, and a general index are appended. 


Fundamentals of Physical Chemistry. By H. 1 
Crockford and Samuel B. Knight. John Wih 
& Sons, Inc., 440 Fourth Ave., New York 1 
N. Y., 1959. xvii -J- 463 pp. 14 x 21.5 ci 
Price .§6.95. 

This book is based upon a 1950 edition entitk 
“Fundamentals of Physical Chemistry for Pr 
medical Students,’’ which was reviewed in This 
Journal, 39, 423 (1950). Prerequisites for this 
textbook are undergraduate general chemistiy, 
qualitative and quantitative analysis, organic 
chemistry, and ability to solve quadratic equations 
and use logarithms. The revised text adds three 
chapters on thermodynamics, which includes a 
limited use of calculus. New topics include the 
change in the value of the equilibrium constant with 
temperature, the change of vapor pressure ivith tem- 
perature, and the energy of activation in reaction 
kinetics. The format and style of presentation is 
similar to that of earlier editions. 

Progress in Drug Research. I'^ol. I. Edited by 
Ernst Jucker. Birkhauser Verlag, Basel, Switz- 
erland, 1959. 607 pp. 16.5 x 24 cm. Price 
sFr. 68. 

This is the first volume of a planned series of an- 
nual reviews of current activities in fields of phar- 
maceutical research which include chemical, phar- 
macological and clinical aspects. Of the seven sub- 
jects covered in this volume, five are in German. 
The two English portions discuss Cholesterol and its 
relation to atherosclerosis (Lin and Chen of Eli 
Lilly) and Stereochemical factors in biological ac- 
tivity (A. H. Beckett, Chelsea College School of 
Pharmacy, London). The placebo problem is dis- 
cussed in relation to clinical studies with many types 
of medication. The other subjects covered are: Die 
lonenaustauscher und ihre Anwendung in der Phar- 
mazic und Medizin ; Die Chemotherapie der Wurm- 
krankheiten; Neuere Aspekte der chemischeii 
Anthelminticaforschung; and Eine Ubersicht der 
neiiern Arzneimittle aus den letzten fiinf Jahren. 

The Chemistry of Heterocyclic Compounds. A 
Series of Monographs, ^'^o]. XIII — s-Triazines 
and Derivatives. B}- Edward M. Smolin and 
Lorence Rapoport. Interscience Publishers, 
250 Fifth Ave., Nerv York 1, N. Y., 1959. xxiv 4- 
644 pp. 15 X 22.5 cm. Price .§30 single, S28 
subscription. 

This is the thirteenth volume to appear of a 
series of monographs devoted to a comprehensive 
presentation of heterocyclic chemistry prepared 
by a group of authorities in this field. The sub- 
divisions have been designed to cov’er Iietero- 
cyclic compounds in their entirety by monographs 
which reflect the importance and interrelation- 
ships of the various compounds. This latest 
volume, in addition to an introductory cliapier, _ 
covers Cyanuric acid and derivatives, Alkyl(Aryl)- 
j-triazines; Monohydroxy-, hydroxyamino-, di- 
hydroxy-r-triazines and related compounds; Mono- 
amino- and diamino-x-triazines; Ammelide, am- 
meline, and related compounds; Melamine and 
substituted melamines; Isocyanuric acid and deriva- 
tives; Condensed ring x-tirazinc systems; ne,x- 
ahydro-x-triazines; Hexamethylenetetramine; and 
x-Triazaborane and its derivatives. ' 
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Observations on Comparative Growth Studies 
Between a Streptomycin-Resistant and 
Streptomycin-Sensitive Strain of 
Salmonella schottmuelleri'' 

By RICHARD J. SIMMONS and CHARLES GAINOR 


Growth comparisons between a streptomycin-resistant and streptomycin-sensttive 
strain of Salmotiellit schoUmuelleri is reported. The inability of the resistant strain to 
utilize ammonium citrate, ammonium succinate, /-asparagine, aspartic acid, and cys- 
tine as sole source of nitrogen stands in sharp contrast to the performance of the 
sensitive strain. The resistant strain failed to grow in a synthetic medium of mineral 
salts, glucose, and /-asparagine which, however, supported excellent growth of the 
sensitive strain. Regardless of the nature of the nutritional environments employed 
in this study, the resistant strain was never stimulated to a level of growth com- 
parable to that of the sensitive strain. Apparently, the rate of utilization of glutamic 
acid and aspartic acid is the same for each strain, and the two strains produced 
alanine at approximately the same rate. In biochemical reactions the resistant 
strain demonstrated a response forty-eight to seventy-two hours later than the sensi- 
tive strain, and failed to produce gas from maltose or glucose in seventy-two hours. 
In contrast, the sensitive strain gave, in twenty-four hours, reaaions comparable to 

a typical S. schottmuelleri. 


^T'he problem of microbial resistance to anti- 
biotics still requires additional information to 
explain more fully this perplexing phenomenon. 
Studies were undertaken to ascertain what differ- 
ences, if any, exist between a streptomycin- 
resistant and streptomycin-sensitive strain of 
SahnoneHa schoUimelleri as to relative growth 
rates, utilization of different carbon and nitrogen 
sources, and general biochemical reactions. 

An excellent article which reviews differences 
between resistant and sensitive strains of bacteria, 
m addition to their tolerance of diverse levels of 
antibiotics, has been published (1). 


EXPERIMENTAL 


Isolation and Maintenance of the Streptomycin- 
Resistant Strains. — The parent culture of Sal- 


August IS. 1959 from the Department 
EastU^slll M'shisan StaW Universit 

This paper is talceu in part from a a:-,— ,, 
mrttal fulfillment for the degree i-.- M -. . 

Department of Biological Sciences, ■ s ' n ■' ■ ' 

L uctsityoSPittsborgh, Pittsburgh. Pa. 


tiwnella schoUmuelleri (ATCC 9282), when subjected 
to the gradient plate technique (2), was completely 
inhibited by 10 meg. per ml. of streptomycin in 
Difeo nutrient agar. Resistant strains of bacteria 
were those that multiplied equally well in the pres- 
ence or absence of high concentrations of strep- 
tomycin (5,000 meg. per ml.). Streptomycin-resist- 
ant strains were isolated from the parent culture 
by a single-step selection method (3) and by serial 
transfers in increasing concentrations of the anti- 
biotic (2). The resistant strain used in all of the 
subsequent studies could withstand 5,000 meg. of 
streptomycin per ml. of medium. 

Preparation of Inocula. — ^The preparation of inoc- 
ula for all experimental studies was carefully stand- 
ardized to minimize variation in the number of 
bacteria at the time of inoculation. Cells were 
carefully removed from eighteen-hour nutrient agar 
slants to sterile physiological saline. This suspen- 
sion was centrifuged at 2,000 r. p. m. for thirty 
minutes, and the process repeated after adding 
fresh saline to the sedimented cells. The twice- 
washed cells were then resuspended in fresh saline, 
and adjusted to the desired absorbance reading. 
A standard curve relating absorbance readings to 
numbers of bacteria per ml. of suspension was pre- 
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viously constructed for both the streptomi’cin- 
resistant and streptomyein-sensitive strains of S. 
schothmielleri. Unless otherwise stated, 0.1 ml. 
of baeterial suspension, containing approximateb' 

S X 10^ bacteria, was used as the inoculum per 
10 ml. of medium. 

Growth Comparisons in Chemically-Defined 
Media. — The initial growth studies employed a 
medium prepared as follows; A basal medium con- 
taining 0.2% Na«S 04 , 0.002% MgCh, 0 05% KHj- 
POt, 0.15% K 2 HPO,, and 0.2% f-asparagine was 
autoclaved at 120° for ten minutes. Then, 1 ml. 
of a Seitz-filtered, 2% glucose solutim was added 
asepticallj' to 9 ml. of basal medium, and all tubes 
incubated at 37° for twenty-four hours to check 
stcrilit}’. The pH of this medium, without ad- 
justment, was consistently 6 9 to 7.0. It is of par- 
ticular interest that the streptomycin-resistant 
strain would not grow in this medium, whereas 
the sensitive-parent grew rapidly and profusely. 
Experiments were then conducted to produce, if 
possible, a stimulation in growth of the resistant 
strain comparable to that of the sensitive culture 
by additions of supplements to the synthetic me- 
dium. 

The nitrogen requirements of the two strains were 
investigated by replacing the /-asparagine of the 
original medium with various ammonium salts and 
amino acids. Final concentrations of the amino 
acids and ammonium salts were 0.005% and 0.1%, 
respectively. 

A study of the carbon requirements was conducted 
by substituting a number of the dibasic organic 
acids of the Kreb’s cycle for glucose, and by replac- 
ing the /-asparagine with cysteine-HCl in the orig- 
inal synthetic medium. Final concentrations of 
the carbon compounds and cysteine-HCl were 
0 . 01 %. 

The effect of a vitamin mixture and several in- 
dividual vitamins on the growth of the two strains 
in the original, as well as other, chemically-de- 
fined media was tested. Biotin, nicotinic acid, 
and pyridoxine-HCI in a final concentration of 2 meg. 
per ml. of medium were used. 

In critical experiments, growth was measured 
turbidimetrically with the Bausch and Lomb 
Spectronic 20 set at 425 and uninoculated me- 
dium used as the reference. Othenvise, the presence 
or absence of growth was determined by visual 
inspection of inoculated tubes. 

Amino Acid Utilization.^ — Streptomycin-resistant 
and streptom 3 xin-sensitive strains of 5. schotl- < 
muclleri were inoculated into separate 250-ml. flasks 
containing 100 ml. of basal medium plus 0.2% glu- 
cose, 0.005% /-glutamic acid, and 0 005% /-aspartic z 
acid. Twice washed, eighteen hour-old cells were “ 
used in a final concentration of approximateh' 1 X 
10® bacteria per ml. of medium. The two test sys- 
tems and the uninoculated control were incubated 
at 37°. At various time intervals during growth 
the amino acid concentration of the supernatants 
was determined by quantitative chromatograph 3 ' 

(4). Separation of the amino acids was carried 
out for twenti’ to twent 3 --four hours in phenol 
saturated with citrate buffer (5). 

Biochemical Studies. — ^All tests were done in 
triplicate. Seitz-filtered glucose, maltose, sucrose, 
lactose, mannitol, glycerol, inulin, xylose, cellulose, 
arabinose, and dextrin in a concentration of 1% 


in Difeo nutrient broth were used. The IMVIC 
reactions, gelatin liquefaction, HjS production, and 
activit 3 ' in litmus milk were also observed. 

RESULTS AND DISCUSSION 

The streptom 3 'cin-sensitive strain of S. scholl- 
muelleri gave rise to strains which were higlily 
resistant to streptomycin. Colonies which ap- 
peared on plates with 5,000 meg. per ml. of the anti- 
biotic, when subcultured, proved to consist 0 / higWr 
resistant bacteria which remained so in the ab- 
sence of the antibiotic. The resistant strain used 
throughout this study has remained essentially un- 
changed after repeated subculture in streptomy-cin- 
free media for four months. 

The additions of a vitamin mi.xture and individual 
vitamins failed to stimulate an increase in bacterial 
numbers of the resistant strain regardless of the 
nitrogen or carbon substrate used. Actually, the 
two strains would grow without these vitamins and 
were not significantly^ stimulated by* their presence. 

The addition of streptomycin (up to 1,000 meg. 
per ml.) to either nutrient broth or a chemically 
defined medium was without effect on the growth 
of the resistant strain. The resistant strain grew 
at approximately the same rate and to the same 
population levels in the presence or absence of 
streptomycin, thus indicating its independence of the 
drug. 

The inability of the resistant strain to utilize 
ammonium citrate, ammonium succinate, /-aspara- 
gine, aspartic acid, cysteine-HCl, and cystine as a 
sole source of nitrogen, even after seventj’-tu’o 
hours of incubation, stands in sharp contrast to the 
performance of the sensitive strain (Table I). 

The effect of single carbon sources on the 
growt/i of the two strains is s/iown m Table It 

The resistant strain grew on continued subcul- 
ture in Difeo nutrient broth, and in a minimal syn- 
thetic medium composed of 0.2% l\Ta 2 SOn 0.002% 



'TIME IN HOURS 

Fig. 1. — Growth curves of .streptomycin-resistant 
and streptomycin-sensitive strains of 5. schoU- 
mttelleri grown in Difeo nutrient broth, pH 7.0, 
at 37°. 
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Taele I— Effect of Nitrooen Source on Growth of Streptomvcin-Resistant and Streptomvcin- 
Sbnsitive Strains of 5. schottmucUcri in a Chemically-Defined Medium" 


Nitrogen Source Plus Glucose 

IS 

SensithM 

24 

Aminoniuin cldoridc’’ 

100 

100 

Ammonium citrate 

100 

100 

Ammonium succinate 

100 

100 

/-Asparagine 

100 

95 

Aspartic acid 

97 

84 

Glutamic acid 

98 

85 

Cvstcine-HCl 

91 

79 

Cystine 

87 

74 

Nitrogen Source Mintis Glucose 

Ainmonium chloride^ 

100 

100 

.Ammonium citrate 

100 

100 

Ammonium succinate 

100 

100 

/-Asparagine 

100 

100 

Aspartic acid 

100 

100 

Glutamic acid 

100 

96 

Cysteinc-HCl 

100 

100 

Cystine 

100 

100 


•Liglit Transmission, %■ 


Hours 

48 

72 

18 

Resistant, Hours 
24 48 

72 

100 

100 

100 

100 

100 

100 

90 

80 

100 

100 

100 

100 

93 

83 

100 

100 

100 

100 

81 

74 

100 

100 

100 

100 

77 

70 

100 

100 

100 

100 

79 

72 

100 

100 

96 

85 

72 

70 

100 

100 

97 

80 

66 

60 

100 

100 

90 

76 

100 

100 

100 

100 

100 

100 

95 

88 

100 

100 

100 

100 

100 

93 

100 

100 

100 

100 

94 

85 

100 

100 

100 

100 

96 

92 

100 

100 

100 

100 

88 

80 

100 

100 

100 

95 

100 

100 

100 

100 

100 

100 

100 

93 

100 

100 

100 

100 


o Medium contains 0.2% NasSOi, 0.002% MgClj, 0.05% KHjPOi, 0.15% KjHPOi, and 0.2% glucose, where indicated. 
Same results also apply to ammonium nitrate, ammonium phosphate, and methionine 100, no growth; 99-90, poor 
groath; SO-SO, fair growth: 79-70, good growth, and 69-00. excellent growth. 


Table II. — Effect of Carbon Source on Growth of Streptomycin-Resistant and Streptomycin- 
Sensitive Strains of 5. schottmucUen in a Chemically-Defined Medium" 


Light Transmission, % 

Sensitive, Hours Resistant, Hours 


Carbon Source 

18 

24 

48 

72 

IS 

24 

48 

72 

Citric acid 

100 

92 

84 

77 

100 

100 

100 

100 

Fumaric acid 

100 

100 

91 

85 

100 

100 

100 

100 

Malic acid 

100 

93 

89 

83 

100 

100 

100 

93 

Oxaloacetic acid 

100 

95 

91 

87 

100 

100 

100 

92 

o-Ketoglutarie acid 

100 

97 

94 

92 

100 

100 

100 

98 

Glucose 

92 

83 

79 

73 

100 

100 

92 

84 

Succinic acid 

100 

94 

90 

87 

100 

100 

96 

89 

c/s-Aconitic acid 

100 

100 

92 

88 

100 

100 

100 

93 

Cysteine (control 

100 

100 

100 

100 

100 

100 

100 

100 


» Medium contains 0.2% NajSOf, 0.002% MgCli, 0.05% KH-POi, 0 15% K:HPq., and 0 01% cysteine-HCI. 

^ Cysteine furnished the nitrogen for all tubes, note that cysteine cannot furnish both the carbon and nitrogen sources 
when used alone, 100, no growth, 9ih-90, poor growth; 89-80. fair growth, 79-70, good growth; and 69-60, excellent growth. 


MgCIj, 0.05% KHjPO,, 0.2% glucose, and 0.005% 
/-glutamic acid. However, growth was sparse in 
the latter medium and not suitable for observing 
an increase in bacterial numbers turbidimetrically. 
Adding 0.005% concentrations of /-aspartic acid and 
cystine to this medium afforded a suitable test sys- 
tem for this purpose. The relative growth rates of 
the two strains in nutrient broth and in this latter 
sjmthetic medium are given in Figs. 1 and 2. re- 
spectively. 

It was important to note that, regardless of the 
nature of the nutritional environment employed 
in this study, the resistant strain was never stim- 
ulated to a level of growth comparable to that of 
the sensitive strain. This growth lag displayed by 
the resistant variant is an interesting variational 
character similar to the slower growth rates de- 
"Scribed for certain phage-resistant variants (6), and 
for streptomycin-resistant Salmonella (7). 

Ho differences were observed in utilization of 
glutamic acid and aspartic acid by the two strains, 
although the resistant strain took twenty to twenty- 
four hours longer to effect the same degree of uti- 
lization as did the sensitive strain. Apparently, 
the rate of utilization of these two amino acids was 
commensurate with the relative growth rates 


of each strain. For a given strain, plots of time 
versus viable counts, and plots of time versus amino 
acid utilization would yield identical curves. 

During the amino acid studies, the appearance 
of a new ninhydrin positive spot on the chromato- 
grams was observed. Subsequent studies proved 
this new spot to be alanine. Although no attempt 
was made to quantitate alanine production by the 
two strains, visual comparisons of spot size, color 
intensity, and disappearance of glutamate and 
aspartate were significant in determining whether 
differences in alanine production existed between 
the two strains. These observations indicated that 
the two strains produced alanine at about the same 
rate, when glutamate and aspartate were used as 
the substrate. 

It was interesting to note that the streptomycin- 
resistant 5. schottmucUeri failed to grow in Koser’s 
citrate medium. Growth could not be initiated 
whether 1 X 10* cells or 1 X 10' washed cells per 
ml. of medium was used. However, the streptom 3 '- 
cin-sensitive S. schoHmuelleri grew rapidly and pro- 
fuselj' in the same medium when onlj' 1 X W‘ 
washed cells per ml. of medium was used, and the 
strain could be successfully subcultured in the me- 
dium. 
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TtME IN HOURS 

Fig. 2. — Growth curves of streptomycin-sensitive 
and streptomycin-resistant strains of 5. schott- 
miiellcri grown in a chemically-defined medium, pH 
7.0, at 37°. Medium composed of 0.2% NajSOi, 
0.002% MgCIz, 0.05% KHiPOl 0.2% glucose, 
0.005% /-glutamic acid, 0.005% /-aspartic acid, and 
0.005% cystine. 

In biochemical reactions the resistant strain 
demonstrated a response forty-eight to seventy-two 
hours later than the sensitive strain and failed to 
produce gas from maltose or glucose in seventy-two 
hours. In contrast, the sensitive strain gave, in 
twenty-four hours, reactions comparable to those 
noted in Bergey's Manual (8) for a typical S. scholt- 
muelleri. Seligmann and Wassermann (7) reported 
that their streptomycin-resistant strains of Sal- 
monella completely lost the ability to produce gas 
from carbohydrates, whereas the resistant strain 
used in this study lost the ability to produce gas 
only from maltose or glucose among the carbo- 
hydrates tested. 


SUMMARY 

Comparisons of a streptomycin-resistant and a 
streptomycin-sensitive strain of S. schotlmuelleri 
as to differences in relative growth rates, utiliza- 
tion of different carbon and nitrogen sources, and 
biochemical reactions have been conducted. 

The parent strain of 5. schothmielleri (ATCC 
9282) gave rise to strains which were highly re- 


sistant to streptomycin. Resistance to this drug 
was found to be a relatively stable characteristic. 
A strain resistant to 5,000 meg. of streptomycin 
per ml. of medium has remained resistant to this 
concentration after four months of repeated 
subculture in streptomycin-free media. 

In general, the two strains displayed qualita- 
tive biochemical reactions comparable to those 
noted in Bergey’s Manual (8) for a typical 8. 
sdioltmuelleri. However, in contrast to the par- 
ent strain, the resistant strain would not grow in 
Koser’s citrate medium, failed to produce gas 
from maltose or glucose in seventy-two hours, and 
consistently exhibited a forty-eight to seventy- 
two-hour delay in biochemical reactions. 

A significant difference in growth was detected 
between the streptomycin-resistant and strep- 
tomycin-sensitive strains. The resistant variant 
failed to grow in a chemically-defined medium 
consisting of mineral salts, glucose, and /- 
asparagine which, however, supported growth of 
the sensitive strain. Regardless of the nature of 
the nutritional environments employed in this 
study, the resistant strain was never stimulated 
to a level of growth comparable to that of the 
sensitive strain. The resistant variant grew at 
approximately the same rate in the presence or 
absence of streptomycin. 

No differences were observed in utilization of 
glutamic acid and aspartic acid by the two strains. 
Apparently, the rate of utilization of these two 
amino acids was commensurate with the relative 
grow’th rates of each strain. On the basis of 
qualitative studies, it was believed that alanine 
was produced at the same rate by both strains 
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The Effect of Granule Size Upon Disintegration 
Time and Capping in Compressed Tablets* 


By ALBERT J. FORLANOf and LEONARD CHAVKIN 


The effect of compressing several mesh sizes 
of lactose, sodium bicarbonate, and magne- 
sium trisilicate granulations into tablets was 
determined. A definite relationship was 
found to exist between the particle size of the 
granulation of a particular substance and the 
disintegration rate, per cent of capping, and 
other physical tablet characteristics. A defini- 
tion of the term fines was also proposed. 


'T^he particle size of the granulated material is 
an important determinant of the character- 
istics of the finished compressed tablet. The 
purpose of this investigation was to determine the 
effect of compressing various mesh sizes of lactose, 
sodium bicarbonate, and magnesium trisilicate 
granulations into tablets, separately. The effect 
of granule size upon the following characteristics 
were determined; (a) disintegration rate, (b) 
frequency of capping, and (c) production prob- 
lems associated with each mesh size. 

The determination of a definition for the com- 
monly used term, fines, and the respective pro- 
portion of each mesh size in the granulations were 
also considered pertinent to this study. 


EXPERIMENTAL 


Sodium bicarbonate, lactose, and magnesium 
trisilicate were chosen as the materials in this study 
because they represent varjring degrees of solubility, 
and will be referred to as the "active ingredients.” 

A preliminary study was conducted by granulat- 
ing the three active ingredients with 10% acacia, 
50% glucose, and syrup-alcohol (equal parts), in 
order to determine the most suitable binders- 
Ten per cent acacia in water was found to be suitable 
for lactose and sodium bicarbonate and 50% syrup 
U. S. P.-alcohol was chosen for magnesium tri- 
silicate. 


Procedure. — The three active ingredients and 
corn starch were dried in an oven at 120° F. for three 
days prior to use. After drying, fifteen pounds of 
each active ingredient was mixed with 2.65 pounds 
of corn starch (the active ingredient represented 
of the mixture and the com starch 15%). 
This mixture was passed twice through a Fitz- 
patrick comminuting machine fitted with a 120- 
mesh screen. The resultant material passed through 
a 200-mesh screen. 

The powder mixture was placed in a Stokes mixer 
model 21-H, mixed for one hour, and subsequently 
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granulated with the respective binders. The wet 
material was passed through a Stokes oscillating 
granulator model 43-A, fitted with a No. 6-mesh 
screen, and dried at 120° F. for one week. The 
dried material was rescreened. 

The dried granulation was fractionated by the 
use of a mechanical shaker and a set of U. S. Bureau 
of Standard sieves. The following fractions were 
collected; a control consisting of the original gran- 
ulation, 6-8, 8-10, 10-12, 12-16, 16-20, 20-30, 
30-40, 40-60, 60-80, 80-100, 100-140, 140-200, 
and 200 mesh and finer (Table I). The fractions 
were lubricated with 1% of calcium stearate. 


Table I. — Percentage of Each Mesh Fraction 
Based on the Total Weight of Granulation'' 


Mesh Size 

Magnesium 

Trisilicate 

Sodium 

Bicarbonate 

Lactose 

6-8 

2.6 


0.5 

8M0 

1.6 

8.8 

5.5 

10-12 

6.3 

8.1 

6.7 

12-16 

17.1 

16.6 

14.8 

16-20 

20.8 

13.9 

13.6 

20-30 

16,3 

12.6 

11.7 

30-40 

19.3 

11.1 

9.9 

40-60 

8.6 

10.3 

13.0 

60-80 

2.6 

4,4 

7.3 

80-100 

1.1 

1.9 

4.3 

100-140 

1.0 

2.4 

4,9 

140-200 

0.7 

1.6 

2.5 

200 and finer 

3.0 

8.4 

5,9 


« Five hundred grains of the original granulations were 
removed before fractionation and used as a control. 


Each granulation fraction was compressed on a 
Stokes model B-2 rotary tablet machine. The pres- 
sure was controlled by the use of the safety mech- 
anism, which is essentially a spring attached to the 
lower pressure wheel. This spring was set to re- 
lease upon receiving more than four tons of pressure, 
therefore if that pressure was exceeded, any pres- 
sure in excess of four tons would be lost due to the 
release of the spring. The tablets were compressed 
with the spring constantly releasing itself. The 
compression time for each fraction was set at forty 
to fifty seconds to minimize the possibility of spring 
fatigue. 

One set of ’Vj. inch standard concave punches 
and dies was used for the compression. After the 
machine was set up it was allowed to operate, and 
the pressure was slowly increased until the noise 
indicating that the safety spring was releasing pres- 
sure in excess of four tons was just perceptible. 
The tablets were compressed under these condi- 
tions. 


RESULTS 

Disintegration Rates. — Six tablets were chosen 
represented by a weight of 0.50 ± 0.02 Gm. and 
were subjected to U. S. P. disintegration tests (1), 
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The disintegration tests on magnesium trisilicate 
tablets showed that (with the exception of the 200- 
mesh and finer fraction) they uould not disintegrate 
completely and left a small, flat, hard core There- 
fore, the end point for these tablets was the flat, 
hard core stage A plot of disintegration time 
versus mesh size are found in Figs 1 and 2 



MESH size 


Fig 1 — Disintegration time for tablets of sodium 
bicarbonate and lactose of various mesh sizes 



Fig. 2 — Disintegration time for tablets of magne- 
sium trisilicate of various mesh sizes 


The average U S P. disintegration rates of two 
runs were used in plotting the data. These values 
are given in Table II 

Per Cent of Capping.— This was determined by 
placing a jar containing the tablets into a meehanical 
shaker and allowing them to shake for five minutes 
Then the contents of the jars were weighed and the 
amount of capped material was determined by 
weighing the amount that would pass through a 
No. 10 screen The per cent of capping was de- 
termined by Eq 1 This information is presented 
in Fig. 3. 


Table II — U S P Disintegration Rates for 
Sodium Bicarbonate, Lactose, and Magnesium 
Trisilicate Tablets 


Mesh Size 

Sodium 

Bicar- 

bonate, 

mm 

Lactose, 

min 

Magnesium 

Trisilicate, 

hr 

8-10 

8 5 

19 5 

0 81 

10-12 

5 0 

12 5 

1 40 

12-16 

8 2 

13 0 

3 80 

16-20 

14 5 

14 5 

6 00 

20-30 

21 0 

16 0 

10 50 

30-40 

26 0 

18 0 

9 58 

40-60 

29 0 

16 0 

0 91 

60-80 

21 0 

11 5 

0 61 

80-100 

14 0 

13 5 

0 71 

100-140 

34 0 

31 5 

0 53 

140-200 

19 0 

10 2 

0.40 

200 mesh and fines 

1“ 

6 0 

0 32 


o These tablets crumbled upon ejection 


Weight of capped material ^ _ 

Weight of entire sample 

Per cent capping (Eq 1) 

Per Cent of Each Size in Total Granulation. — The 
distribution of the different mesh sizes in the granu- 
lations W’ere recorded and tabulated in Table 1 
These results are not to be construed as showing a 
general pattern because they can be affected bj 
many variables present in the granulation of a 
tablet mass 

DISCUSSION 

It was found, generally, that tablets made from 
granules larger than 16 mesh, possessed a veined 
structure This was probably due to the lack of 
fine particles to fill the intergranular spaces The 
particles of 200 mesh and finer of soluble materials 



Fig 3 — Per cent capping found among tablets of 
various mesh sizes of lactose, sodium bicarbonate, 
and magnesium trisilicate (respectively. A, B, and 
C). 
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[lid not form tablets Hpmi compression, but resulted 
in capped masses. 

Sodium Bicarbonate. — The incidence of capping 
was least in the range of 10-40 mesb; however, cap- 
ping increased with decreasing mesh size following 
GO mesh. This increased capping might be ex- 
plained by the fact that grannies, finer than 60 
mesh, were not as well granulated as the larger 
granules, and under compression their granule 
structure was crushed resulting in a loss of cohesion. 
No tablets could be made using 200-mesh and finer 
granules. 

The disintegration data showed that tablets made, 
using granules of 10-60 mc.sh, had the longest dis- 
integration times. 

As the granule size decreased below 00 mesh the 
disintegration time decreased with an unexpected 
rise at 100-140 mesh, followed by a decrease at 
140-200 mesh (Fig. 3). An increase in capping 
was also exhibited in the 60 to 200 mesh and finer 
range. Tablets made from granules smaller than 
60 mesh lost the glossy appearance that was char- 
acteristic of the larger mesh sizes. 

Lac ose. — The behavior of the lactose granula- 
tions closely followed the pattern exhibited by 
sodium bicarbonate granulations However, there 
was a minor difference; disintegration time and 
per cent of capping indicated the lactose granules 
were becoming weaker at levels smaller than 40 
mesh. The comparable change with sodium bi- 
carbonate occurred at 60 mesh. 

Magnesium Trisilicate. — The tablets made using 
12 to 30-mesh granules had longer disintegration 
times than the smaller mesh sizes When tablets 
were made from granules smaller than 30 mesh the 
disintegration time decreased, and per cent of cap- 
ping was negligible. 

Examination of the disintegration rates shows 
that the disintegration time decreased from ten 
hours beginning with 30-40 mesh, to nineteen min- 
utes at 200 mesh and finer. Only the tablets made 
from 200 mesh and finer granules were found to 
disintegrate completely; in all other cases the tab- 
lets left a small, hard core. The core might be ex- 
plained by Johnston (2) who stated that the center 
of a compressed body consists of a matted, hard 
core. This core formation, accentuated by the in- 
soluble nature of the material, probably prevented 
the ivater from penetrating into the center of the 
tablet to effect complete disintegration. 

The decrease in disintegration time observed as 
the smaller particles were compressed was opposite 
to the trends observed with the other granulations 
of this study. 

It is possible that the nature of the bonding oc- 
curring either in the granules or in forming the lac- 
tose and sodium bicarbonate tablets was different 
from that in the magnesium trisilicate tablets 
It is also conceivable that the effects observed 
may have been due to the different actions of acacia 
and sucrose as binders. However, from the data 
collected in this investigation it was not possible 
to offer an adequate explanation for the anomalous 
behavior of the magnesium trisilieate granulations. 


Fines. — As a result of this study it was possible 
to formulate a definition of fines for the particular 
substances tested here. Sodium bicarbonate and 
lactose showed that the disintegration time de- 
creased, binding of punches and dies increased, 
and per cent of capping increased in the vicinity of 
40 to 80 mesh. Since an excess of these particles 
and smaller ones ivere detrimental to the compres- 
sion of satisfactory tablets they may be considered 
fines. 

In the compression of the magnesium trisilicate 
tablets, particles smaller than 60-80 mesh caused 
binding between the punches and the dies and were 
therefore considered fines. 

SUMMARY 

1. The relationship between the particle size 
of the granulated material and disintegration 
time and capping of resultant tablets was demon- 
strated, 

2 . Sodium Bicarbonate. — Tablets compressed 
using granules in the range of 8 to 40 mesh exhib- 
ited a rise in disintegration time and capping de- 
creased as 00 mesh was approached. With 
tablets compressed using granules of 60 mesh and 
smaller, the disintegration time decreased and 
capping increased; this trend continued through 
200 mesh and finer, at which point tablets could 
no longer be made. The optimum granule size 
for compression of sodium bicarbonate tablets 
appeared to be 1 6 to 60 mesh. 

3. Lactose. — These tablets exhibited the 
same characteristics as sodium bicarbonate tab- 
lets except that the transition to poorer tablets 
occurred after 40 mesh. Consequently, the 
optimum particle size for lactose granulations was 
found to be in the 10-40 mesh range. 

4. Magnesium Trisilieate. — The per cent 
capping decreased as the mesh size went from 16 
to 200 mesh and finer. At 200 mesh and finer 
the per cent of capping was smallest. From 
30-200 mesh and finer the disintegration time de- 
creased Due to binding of dies and punches 
with sizes below 60 mesh, the best mesh sizes for 
these tablets were 16 to 60 mesh. 

5. Fines.— Granules of 40-60 me^h and 
smaller were considered fines in the sodium bi- 
carbonate and lactose granulations: granules of 
60 mesh or smaller can be considered fines in the 
magnesium trisilieate granulations. 
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The disintegration tests on magnesium tnsilicate 
tablets showed that (with the exception of the 200 
mesh and finer fraction) thej would not disintegrate 
completel} and left a small, flat, hard core There- 
fore, the end point for these tablets was the flat, 
hard core stage A plot of disintegration time 
versus mesh size are found in Figs 1 and 2 



Fig 1 — Disintegration time for tablets of sodium 
bicarbonate and lacto=e of various mesh sizes 



Fig 2 — Disintegration time for tablets of magne- 
sium tnsilicate of various mesh sizes 


The average U S P disintegration rates of two 
runs w ere used in plotting the data These values 
are given m Table II 

Per Cent of Capping. — ^This was determined by 
placing a jar contaming the tablets into a mechanical 
shaker and allowing them to shake for five minutes 
Then the contents of the jars were weighed and the 
amount of capped material was determined by 
weighing the amount that would pass through a 
No 10 screen The per cent of capping was de- 
termined b> Eq 1 This information is presented 
in Fig 3. 


Table II — U S P Disintegration Rates for 
Sodium Bicarbonate, Lactose, and Magnesium 
Trisilicate Tablets 


Mesh Size 

Sodium 

Bicar 

bonate, 

mm 

Lactose 

min 

Magnesium 

Tnsilicate 

hr 

8-10 

8 5 

19 5 

0 81 

10-12 

5 0 

12 5 

1 40 

12-16 

8 2 

13 0 

3 80 

16-20 

14 5 

14 5 

6 00 

20-30 

21 0 

16 0 

10 50 

30-40 

26 0 

18 0 

9 58 

40-60 

29 0 

16 0 

0 91 

60-80 

21 0 

11 5 

0 61 

80-100 

14 0 

13 5 

0 71 

100-140 

34 0 

31 5 

0 53 

140-200 

19 0 

10 2 

0 40 

200 mesh and fines 

1“ 

6 0 

0 32 


« These tablets crumbled upon ejection 


Weight of capped material ^ _ 

Weight of entire sample 

Per cent capping (Eq 1) 

Per Cent of Each Size in Total Granulation. — The 
distribution of the different mesh sizes in the granu- 
lations were recorded and tabulated in Table 1 
These results are not to be construed as showing a 
general pattern because they can be affected by 
many variables present in the granulation of a 
tablet mass 

DISCUSSION 

It was found, generally, that tablets made from 
granules larger than 16 mesh, possessed a veined 
structure This was probably due to the lack of 
fine particles to fill the intergranular spaces The 
particles of 200 mesh and finer of soluble matenals 



MESH SIZE 


Fig .3 — Per cent capping found among tablets of 
various mesh sizes of lactose, sodium bicarbonate, 
and magnesium tnsilicate (respectively. A, B, and 
C). 
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did not form tablets upon compression, but rcsullcti 
in capped masses. 

Sodium Bicarbonate. — The incidence of capping 
was least in the range of 1(1—10 mcsli; however, cap- 
ping increased with decreasing mesh size following 
60 mesh. This increased capping miglil be ex- 
plained by the fact that granules, finer than 60 
mesh, were not as well granulated as the larger 
granules, and under compression their granule 
structure was crushed resulting in ii loss of cohesion. 
Xo tablets could be made using 200-mcsh and finer 
granules. 

The disintegration data showed that tablets made, 
using granules of 16-00 mesh, had the longest dis- 
integration times. 

••ts the granule size decreased below 60 mesh the 
disintegration time decreased with an unexpected 
rise at 100-140 mesh, followed by a decrease at 
140-200 mesh (Fig. 3). .\n increase in capping 

was also cxiiibited in the 60 to 200 mesh and finer 
range. Tablets made front granules smaller than 
60 mesh tost the glossy appearance that was char- 
acteristic of the larger mesh sizes. 

Lac ose. — The behavior of the lactose granula- 
tions closely followed the pattern exhibited by 
sodium bicarbonate granulations. However, there 
was a minor difference; disiutegratiou time and 
per cent of capping indicated the lactose granules 
were becoming weaker at levels smaller than 40 
mesh. The comparable change with sodium bi- 
carbonate occurred at 60 mesh. 

Magnesium Trisiiicate. — The tablets made using 
12 to 30-mesh granules had longer disintegration 
times than the smaller mesh sizes. W'hen tablets 
were made from granules smaller than 30 mesh the 
disintegration time decreased, and per cent of cap- 
ping was negligible. 

Examination of the disintegration rates shows 
that the disintegration time decreased from ten 
hours beginning with 30-40 mesh, to nineteen min- 
utes at 200 mesh and finer. Only the tablets made 
from 200 mesh and finer granules were found to 
disintegrate completely; in all other eases the tab- 
lets left a small, hard core. The core might be e.x- 
plained by Johnston (2) who stated that the center 
of a compressed body consists of a matted, hard 
core. This core formation, accentuated by the in- 
soluble nature of the material, probably prevented 
the water from penetrating into the ceifter of the 
tablet to effect complete disintegration. 

The decrease in disintegration time observed as 
the smaller particles were compressed was opposite 
to the trends observed with the other granulations 
of this study. 

ft is possible that the nature of the bonding oc- 
curring either in the granules or in forming the lac- 
tose and sodium bicarbonate tablets was different 
from that in the magnesium trisilicate tablets. 
It is also conceivable that the effects observed 
may have been due to the different actions of acacia 
and sucrose as binders. However, from the data 
collected in this investigation it was not possible 
to offer an adequate explanation for the anomalous 
behavior of the magnesium trisiiicate granulations. 
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Fines. — As a result of this study it was possible 
to fornuilatc a dcfinttioii of fines for the particular 
substances tested here. Sodium bicarbonate and 
lactose showed that the disintegration time de- 
creased, binding of punclics and dies increased, 
and per cent of capping increased in the vicinity of 
40 to 80 mesh. Since an excess of these particles 
and smaller ones were detrimental to the compres- 
sion of satisfactory tablets they may be considered 
fines. 

In the compression of the magnesium trisiiicate 
tablets, particles smaller than 60-80 mesh caused 
binding between the punches and the dies and were 
therefore considered fines. 

SUMMARY 

1. The relationship between the particle size 
of the granulated material and disintegration 
time and capping of resultant tablets was demon- 
strated. 

Sodium Bicarbonate. — Tablets compressed 
using granules in the range of 8 to 40 mesh exhib- 
ited a rise in disintegration time and capping de- 
creased as 60 mesh was approached. With 
tablets compressed using granules of 60 mesh and 
smaller, the disintegration time decreased and 
capping increased ; this trend continued through 
200 mesh and finer, at which point tablets could 
no longer be made. The optimum granule size 
for coinpression of sodium bicarbonate tablets 
appeared to be 16 to 60 mesh. 

3. Lactose, — These tablets exhibited the 
same characteristics as sodium bicarbonate tab- 
lets except that the transition to poorer tablets 
occurred after 40 mesh. Consequently, the 
optimum particle size for lactose granulations was 
found to be in the 16-40 mesh range. 

4. Magnesium Trisiiicate. — The per cent 
capping decreased as the mesh size went from 16 
to 200 mesh and finer. At 200 mesh and finer 
the per cent of capping was smallest. From 
30-200 mesh and finer the disintegration time de- 
creased. Due to binding of dies and punches 
with sizes below 60 mesh, the best mesh sizes for 
these tablets were 16 to 60 mesh. 

5. Pines. — Granules of 40-60 mesh and 
smaller were considered fines in the sodium bi- 
carbonate and lactose granulations; granules of 
60 mesh or smaller can be considered fines in the 
magnesium trisiiicate granulations. 
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Pressurized Pharmaceutical Aerosols for 
Inhalation Therapy I* 

Physical Testing Methods 

By IRVING PORUSH, CHARLES G. THIEL, and JAMES G. YOUNG 


The physical testing methods used for con- 
trolling the manufacture of pressurized aero- 
sols for inhalation therapy are described. 
Results of the tests for uniformity of valve de- 
livery, particle size, and pressure of this new 
pharmaceutical dosage form are reported. A 
reliable and reproducible aerosolized dose of 
medication can be administered for inhalation 
therapy by means of the metering valve on the 
pressurized container. 

^ I *HE INTRODUCTION of pressufized aerosols 
A- for inhalation therapy provided a new phar- 
maceutical dosage form for dispensing a measured 
quantity of medication in the precise particle 
size required for optimum results. Clinical 
evaluation of the effectiveness and acceptability 
by users of this form of medication are reported 
in the literature (1-6). A number of advantages 
of packaging in pressurized containers are de- 
scribed by Sciarra (7), Root (8), and Barr (9). 
Among the more compelling ones are protection 
of contents from atmospheric oxidation, mois- 
ture, and bacterial contamination; and accurate 
delivery of a measured dose of aerosolized drug. 
The reliability of dispensing accurate dosage by 
this means, as with other pharmaceuticals, is 
largely dependent upon the controls and speci- 
fications imposed on its manufacture. Physical 
measurements of particle size, pressure, and uni- 
formity of valve delivery are new criteria for 
efficacy that must be rigorously controlled to 
achieve a dependable pharmaceutical preparation. 
A description of the methods and techniques 
employed in the physical testing of Medihaler’ 
pressurized aerosols is presented here. 

METHODS AND TECHNIQUES 

Particle Size Analysis. — The efficacy of inhalation 
aerosols is as dependent upon particle size as on the 
concentration of medicament. There is general 
agreement in the literature that optimum particle 
diameter for penetration into the pulmonary depths 
is between one-half and seven g (10-12). Smaller 
particles are e.xhaled and larger ones do not penetrate 
to the desired depth. Determination of particle di- 

* Received August 21, 1959, from the Riker Laboratories, 
Inc., Northridge, Calif. 

Presented to the Scientific Section, A. Ph. A., Cincinnati 
meeting, August 1959. 

' Medihaler-Iso (Riker) is a suspension of 2 mg./cc iso- 
proterenol sulfate in an inert propellent. ^ Medihaler-Epi 
(Riker) is a suspension of 7 mg./cc. epinephrine bitartrate in 
an inert propellent. 


mensions must be accurate, reproducible, and suffi- 
ciently rapid for routine application. 

Methods employed in the analysis of particte 
from pressurized containers are dependent, to soiuf 
extent, on whether they are solutions or suspension; 
in propellent. The solution of drugs in fluorohydro- 
carbons usually requires the use of a cosolvent (e. g 
alcohol), in about 50% of the volume. Sprays ol 
these solutions take several seconds for the higliei 
boiling cosolvent to evaporate, and the particle 
change dimensions as vaporization occurs. An) 
measurement of these particles in this dynamic sys 
tem must take into account the rate of evaporation 
and correlate this rate with the time necessary for in 
spiration of medication. 

The Cascade impactor described by Pilcher, el al 
(13), and Tarpley (14) is most suitable for measure 
ment of the particle size of solution-type aerosols 
This method depends on the principle that in an air- 
borne stream of particles projected through a series 
of nozzles and glass slides at increasing velocity 
larger particles are impacted first on the lower ve 
locity stages, while smaller particles pass on and are 
collected on later stages. The most serious defi- 
ciency of this apparatus is the relatively' large sample 
needed for analysis. This makes determinations ot 
particles emanating from single doses of most aero- 
sols impossible by ordinary analytical methods 
Measurements of particle size were made with the 
Cascade impactor and the distribution determined 
on an isoproterenol aerosol solution containing 
0.25% w/w isoproterenol HCl in a propellent with 
35% w/w (50% v/v) alcohol. The mass median di- 
ameter was 7 p; 45% of the mass was less than 5, 
50% less than 7, and 58% less than 10 p. 

Preparations, such as the Medihaler, containing 
suspensions of micronized drug in liquefied propel- 
lent w'ithout a cosolvent, present a different problem 
in particle size analy’sis. The boiling point of the 
propellent mixture is about —17°, resulting in al- 
most instantaneous vaporization on reaching atmos- 
pheric pressure, and leaving the solid particles sus- 
pended in the air-gas stream. Measurement ol these 
particles can be made more readily' by use of almost 
any sizing apparatus, and more important, can be 
checked by' microscopic observation. A rapid, re- 
producible apparatus for measurement of small par- 
ticle size distribution is described by Dimmick, ei ol. 
(15). The technique used is termed “the light .scat-, 
ter decay method,” and involves a simplified analysis 
of the change in light intensity of a Tyndall beam as 
an aerosol settles under turbulent conditions. Only 
one or two measured doses of the aerosol are re- 
quired, making possible its application to the study 
of stability of particle dimensions on prolonged stor- 
age. 

The distribution of particles is usually reported by 
giving the mass median diameter as found in the light 
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scatter decay apparatus. In addition, it is of interest 
to detcnninc the per cent of the mass of tlie material 
in particles less ttian 5 p, less than 7 n, and less than 
10 (J. Tlie specification established in this laboratory 
for material acceptable for use in inhalation therapy 
is "the mass median diameter determined on the 
light scatter decay apparatus is 4 p or less, and 85% 
or more of the mass is less than 7p in diameter.” 
Typical analyses of recent runs of Mcdihaler-Iso and 
Medihalcr-Epi aerosols arc shown in Table I. 

Tabce I.~P article Size of Isoproterenol and 
Epinephrine Aerosol Suspensions 


Mass of Particles with 


Lot No. 

Mass Median 
Diameter, n 

<5 a. % 

Diameters 
<7 )», % 

<10 % 

ISO-91782 

3.5 

70 

88 

98 

ISO-91795 

2.7 

78 

92 

99 

ISO-91794 

2.9 

77 

92 

99 

EPI-91797 

3.5 

73 

93 

100 


An important consideration in the manufacture 
of pressurized pharmaceutical aerosol suspensions is 
tlie stability of particle dimensions on prolonged stor- 
age. To demonstrate that growth of the microscopic 
particles does not occur in Mcdihaler-lso and Medi- 
halcr-Epi, their particle size was determined at var- 
ious intervals after manufacture on the light scatter 
decay apparatus. Results are shown in Table II. 


Table II. — Stability of Particle Dimensions of 
j Medihaler-Iso and Medihaler-Epi 


Lot No. 

Storage Period, 

^tass 

Median 

Dia- 

^tass of Particles 
with Diameters 
<5 H, <7 m. <i0 

'22® 

meter, 

% 

% 

P.% 

ISO-X9012 

Initial 

2.5 

79 

94 

98 

ISO-X9012 

3 months 

2.7 

82 

95 

99 

ISO-X9012 

6 months 

2.5 

83 

9G 

99 

ISO-71240 

18 months 

3.0 

77 

92 

99 

EPI-71288 

18 months 

3.2 

75 

92 

99 


Valve Delivery. — Uniformity of dose from the 
pressurized aerosol is dependent upon the reproduci- 
bility of the valve delivery. Inasmuch as this is a 
mechanical device, and the quantity delivered is 
only 50 pL. per depression, very fine tolerances 
must be set in production of the valve components to 
achjeve good reproducibility. 

Dosage is controlled by taking a statistical sample 
of pvery finished lot of valves and testing for de- 
livery. The weight before and after a single valve 
depression is recorded and converted to volume by 
calculation from the known density of the suspen- 
sion, Variability of dose from an individual valve 
and from valve to valve is very small. Measure- 
ments of recent lots of Medihaler-Iso and Medihaler- 
Epi aerosols are shown in Tables III and IV. 

Specifications for acceptance of Medihaler vials in- 
clude tolerances for valve delivery as determined on 
the finished product. All valves must deliver be- 
tween 85 and 115% of the calculated 50 pL. dosage. 

Pressure. — Particle size is related in varying de- 
grees to the internal pressure of both solution- and 
suspension-type aerosols. For solutions, the wetness 
of spray and particle size are almost completely de- 
pendent upon internal pressure. Temperature and 
pressure changes have a profound effect on the dis- 


Table III. — Vai-vz to Valve Reproducibility of 
Delivery 


f-.Ot 

Mean 

No. Vials Delivery, 
Tested ^L. 

Stand- 

ard 

Devia- 

tion, 

mL. 

Range, ph. 

EPI-91798 

50 

48.1 

d=1.6 

44.4-53.2 

EPI-91797 

24 

49.8 

=fcl.3 

46.5-52.1 

ISO-91796 

24 

51,2 

=fcl.O 

47.8-53.6 

ISO-91795 

24 

50.4 

=fcl.4 

46.7-52.3 

ISO-91794 

24 

49.4 

*1.8 

46.1-52.9 

ISO-91753 

100 

51.2 

*1.4 

45.8-54.3 


Table — Reproducibility op Individual 

Valves 


Volume Delivered by Valve at 20-Shot Intervals 
Until Contents of A^ial Are Emptied 



Mean 

Delivery, 

Standard 

Deviation, 

Range, 


ph. 

mL. 

pL. 

Valve 1 

48.4 

=1=0.35 

48.0-49.0 

Valve 2 

49.4 

*0.32 

48.0-49.8 

Valve 3 

50.1 

*0.62 

49.3-51.0 

Valve 4 

49.7 

*0.53 

49.0-50.5 


tribution of particles emitted by solution-type aero- 
sols with alcoholic cosolvents. Rapid expansion and 
vaporization of propellant leaves the relatively high 
boiling alcohol to form droplets which must evapo- 
rate to yield the small particles. Mechanical devices 
are used to aid the break up of droplets, but pressure 
is still the predominant factor in determining particle 
distribution of the solution-type aerosol medication. 

Pressure is, to a lesser extent, important in break- 
ing up agglomerates of micronized drug particles of 
suspension-type aerosols. To illustrate this de- 
pendency, determination of particle size distribu- 
tions for identical micronized powders emitted from 
containers of 45 psig^^ and 80 psig were made. The 
data are shown in Table V. Microscopic observation 
of powder showed some agglomerates, but no indi- 
vidual particles greater than 5 fi. 

Table V. — Effect op Internal Pressure of 
Isoproterenol Suspension on Particle Size 
Distribution Emitted 


Mass -with Diameters 


Sample 

Pressure, psig 

MMD, 

<op, 

% 

<7 a, 

% 

<10,., 

% 

55202 

80 

1.9 

99.6 

100.0 

100.0 


45 

3,7 

69.0 

89.0 

98.6 

55200 

80 

2.5 

83.1 

95.4 

99.6 


45 

4.0 

66.2 

89.0 

98.9 


Determination of pressure is made by use of an 
accurate gauge fitted with a hypodermic needle. 
The container held in a water bath is pierced with the 
hypodermic needle, the vial and gauge tapped 
lightly, and reading is made. If a gas tight seal is not 
made between needle and inside of the container, the 
aerosol can be cooled to —40°, transferred to a cold 
10-cc. plastic-coated glass vial, and sealed with a 
multiple-dose neoprene stopper and aluminum clo- 
sure. Pressure readings can then be readily made 
through the aluminum and rubber closure with the 
hypodermic needle pressure gauge. 

* Pounds per square inch, gauge. 
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CONCLUSIONS 

Reproducibility of dosage and consequent 
uniformity of therapeutic effect of pressurized 
aerosols for inhalation can be achieved when ade- 
quate control is excercised over particle size, 
valve delivery, and pressure of the finished 
preparation Considering that only microgram 
quantities of medication are delivered, tolerances 
for variation are comparable to other oral dosage 
forms Reproducibility is much superior to 
oral liquid preparations dispensed by teaspoon 
or dropper, and compares favorably with weight 
variation permitted for hard gelatin capsules 
( 10 ). 
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Pressuri2ed Pharmaceutical Aerosols for 
Inhalation Therapy IT 

Analycical Control Methods 


By JAMES G. YOUNG, IRVING PORUSH, CHARLES G. THIEL, 
SHELDON COHEN, and C. HOWARD STIMMEL 


Analytical procedures for the control of pressurized aerosols for inhalation therapy 
require techniques not usually encountered in other dosage forms. Procedures are 
described for assay of active ingredients, amount of medication delivered per dose, 
and moisture content. Claims for improved stability of epinephrine and isopro- 
terenol in this new dosage form are supported by data obtained from chemical and 
biological stability studies. Uniformity of dosage delivered from the aerosol valve 
and from the adapter was determined by chemical analyses and found to be well 
within the acceptable limits for other dosage forms. 


^ I ‘he analytical control of pressurized aero- 
-*■ sols for oral inhalation therapy involves tech- 
niques not usually encountered in other dosage 
forms It is the purpose of this communication 
to describe some of these techniques and to pro- 
vide data which emphasize two of the advantages 
of pressurized aerosols, I'is,, improved stability of 
medicament and uniformity of dosage 

Data are presented on two aerosols, Medi- 
haler-Epi and Aledihaler-Iso, which contain 
epinephrine bitartrate and isoproterenol sulfate, 
respectively, suspended in a mixture of fluoro- 
chlorohydrocarbons with a surfactant as dis- 
persing agent.' 

‘Recened August 21, 1959, from the Riker Laboratories, 
loc , Northridge, Calif . „ . r. 

Presented to the Scieotihc Section, A Pll A , Cincinnati 
meeting. August 1959 

' Medihaler-Epi (Riker Laboratones, Inc ) contains < mg 
of epinephrine bitartrate per cc of suspension Medihalcr 
Iso (Riker Laboratories. Inc ) contains 2 mg of isoproterenol 
sulfate per cc of suspension 


SPECIFICATIONS OF PROPELLENTS 

Identification. — The fluoroclilorohydrocarboiis 
used as propellents are identified by infrared spectro- 
photoinetric analysis of a completely volatilized 
sample 

Inorganic Fluoride. — Products used inteniallj' 
must be free of inorganic fluoride, with a maximum 
limit of 10 p p ra considered acceptable. Tests for 
fluoride ion that could be a product of hydrolj’sis of 
the fluorochlorohj'drocarbons are essential The 
analysis of inorganic fluoride is carried out on an 
aqueous extract of propellent using the micro method 
of spontaneous electrolysis according to Baker and 
Morrison (1) 

High Boiling Residue. — A sample of each propel- 
lent is evaporated to drymess The liigli boiling 
residue is determined gravimetrically and must not 
exceed 0 05% 

DETERMINATION OF MOISTURE 

One of the factors which contributes to the sta- 
bility of epinephrine and isoproterenol in this dos.igc 
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form is tlic exclusion of moisture. The maximum 
tolerance for total moisture is 250 p. p. m. for Medi- 
haler-Iso, which contains 100 p. p. m. as water of 
hydration, and 150 p. p. m. for Medihalcr-Epi. 
i The method used in thi.s laboratory is that of Karl 
Fischer (2, 3). A sample of aerosol suspension is 
,adcled to a measured amount of Karl Fischer (K. F.) 
icagent and the excess reagent is then back titrated 
with a standard solution of water in methanol. 

Standardization of the K. F. reagent and the titra- 
tion of the sample are carried out in a clear-glass 
plastic-coated bottle containing a magnetic stirring 
bar and scaled with a multiple-dose neoprene clo- 
sure. To prevent interference from atmospheric 
moisture during standardization of the K. F. rc- 
' agent, a positive pressure (ca. 6 psig)“ is maintained 
• in the titration bottle by the addition of a small 
amount of propellent 114. Addition of the propel- 
lent or sample to the titration bottle is accomplished 
by transfer from a warmed bottle to a chilled bottle 
using a double-ended 20-gauge hypodermic needle. 
A mixture of formamide : methanol (1 : 1, co, 4 ml.) is 
used to solubilize the propellents in a 4-5-Gm. 
sample of aerosol suspension. 

Titrations are made with hypodermic syringes 
equipped with 24-gauge needles and graduated to 
0.05 ml. or less. The end point of a titration is 
determined electrometrically using the titrimeter 
circuit described by Reed (4). The platinum wire 
electrodes are inserted through the neoprene seal of 
the titration bottle ndth the aid of a 20-gauge hypo- 
dermic needle. 

_ ASSAY PROCEDURES 

f 

Assay of Epinephrine Bitartrate. — The gross 
weight of the intact aerosol is determined accurately. 
Using a shaqi tool, the top of the closure is punc- 
tured and a 25-gauge hypodermic needle is inserted 
The gaseous propellent is allowed to escape until the 
internal pressure has been reduced to a point where 
the container can be opened safely. The closure is 
removed and the residual suspension poured onto a 
small sintered-glass filter of fine porosity. The dis- 
persing agent is removed from the solid epinephrine 
bitartrate by washing the container and valve with 
25 ml. of carbon tetrachloride in several small por- 
tions, adding the washings to the filter. After each 
^ transfer from container to filter, the solid residue is 
. allowed to settle on the filter with the application of 
light suction. The filtrate is discarded. The con- 
tainer and valve are washed by the above technique 
using about 50 ml. of distilled water. The filtrate is 
. collected, transferred quantitatively to a 100-ral. 
volumetric flask, and brought to volume with dis- 
tilled water. The absorbance at 278 mfi of an ap- 
propriate dilution is compared to that of a standard 
solution of epinephrine bitartrate U. S. P. The 
empty aerosol vial and valve are dried and their 
combined tare weight determined. Using the spec- 
piiophotometric data and the net weight of the aero- 
;-'ol. the concentration of epinephrine bitartrate in 
the aerosol is computed. 

The absorption spectrum from 400 to 210 wm of 
the final dilution must conform to that of a standard 
solution of epinephrine bitartrate U. S. P. 

The aerosol of isoproterenol sulfate is assayed by 


’ Founds per square inch, gauge. 


the same procedure except' that 0.01 A? sulfuric acid' 
is used as the solvent. 

STABILITY OF MEDICAMENT 

One of the advantages of this aerosol preparation 
is that the active ingredients are protected from 
atmospheric oxygen. This is pertinent in the case 
of the catechol amines which are known to be sus- 
ceptible to oxidative deterioration. Also, the sta- 
bility of these compounds is further enhanced by the 
fact that they are present as completely insoluble 
suspensions in a nonaqueous medium. 

The e-xccUent stability of epinephrine bitartrate 
and isoproterenol sulfate is demonstrated by the 
data in Tables I and II. To assure that the spectro- 
photometric assays are a true measure of active 
catechol amine, bioassays are included. 


Table I, — Stability of Epinephrine Bitartrate 


Chemical" 

Bioassay* 


Per Cent of Initial Concentration 

/ 12 Months— s 24 Months 

Room Room 

Temperature 45° Temperjture 


100.5 100.4 97 ,5 

98 8 108.3 99 


« Average of deterrainatioos on three aerosols, 
l> Method of U. S P XV. 


Table II.— Stability of Isoproterenol Sulfate 


Chemical" 

Bioassay* 


Per cent of Initial Concentration 

/ -12 Months- s 24 Months 

Room Room 

Temperature 45° Temperature 


95.5 91.5 93.5 

117.2 118.3 94 


« Average of determinations on three aerosols 
^ Depressor effect of isoproterenol was measured using 
modification of method for epinephrine U. S. P. XIV. 


UNIFORMITY OF DOSAGE 

In a previous communication (5) data were pre- 
sented showing the reproducibility of weights of 
individual shots taken at intervals from a single 
aerosol. However, since these preparations are 
suspensions it remained to be proved that a uni- 
form shot-weight represents a uniform dosage of 
active ingredient. This has been accomplished by 
chemical assay of the active component delivered in 
each of several shots taken at regular intervals from 
an aerosol vial. 

Delivery of Active Ingredient from Valve.— The 
aerosol was placed inverted in the bottom of a 250- 
ml. glass-stoppered cylindrical graduate containing 
exactly 300 ml. of 0.1 AT acetic acid. Using a glass 
rod pressed against the bottom of the vial, the aerosol 
was discharged by pressing the stem of the valve 
against the bottom of the graduate. The rod was 
carefully dropped into the graduate which was 
quickly stoppered and inverted twenty-five times. 
This technique has the advantage of extracting the 
gas phase which appears as a cloud above the surface 
of the liquid rvhen the aerosol is discharged. A 10- 
ml. aliquot of the acetic acid solution was assayed 
for catechol amine by the method of Weil-Malherbe 
and Bone (6) using the fluorimetric attachment of 
the Beckman DU spectrophotometer equipped with 
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a primary filter, AVratten No. 50, and a secondary 
filter, AA^ratten No. 15(G). AAfitli each aerosol, 
every tenth shot was taken arbitrarily with a total 
of 21-22 shots being collected and assayed. This 
procedure effectively empties the aerosol. The 
results are shown in Table III. 


Table III. — Uniforuhty of Dosage 


Meg. Epinephrine 

Meg. Isoproterenol 

Bitartrate/ Valve 

Sulfate/Valve 

Depression 

Depression 

312 

104 

307 

104 

339 

97 

393 

97 

344 

101 

295 

99 

335 

98 

329 

96 

342 

97 

339 

91 

326 

96 

306 

93 

296 

97 

301 

95 

323 

94 

344 

97 

312 

97 

325 

93 

293 

98 

285 

100 

394 

95 

360 


Mean 327.3 

Mean 97.1 

S. D. 29.3 

S. D. 3.3 


Delivery of Active Ingredient from Adapter. — 
Oral inhalation of a drug from an aerosol requires the 
use of a special adapter which is inserted into the 
mouth before discharging the aerosol. A certain 



^ S. 

pjg \ — Apparatus for determination of dose deliv- 
ered from adapter. 


amount of drug is trapped by the adapter, there! 
reducing the amount of drug delivered lo tl 
patient. To determine the amount of drug trappt 
by the adapter and the uniformity of dose deliver! 
to the patient, the apparatus pictured in Fig. 1 wi 
used. The aerosol with adapter was discharg! 
into a funnel connected by Tj'gon tubing to a gla 
tube with a sintered plate immersed in a gas-waslu'i 
bottle containing exactly 75 ml. distilled water, 
second tube from the gas-washing bottle was co 
nected to a vacuum line which pulled 16 L./min. 
air through the s}'stem as the aerosol was discharge 
Thus, each dose was delivered through the adapt 
under conditions emulating inhalation by the p 
tient. After each shot, the solution in the gas-was 
ing bottle was transferred to a 200-ml. volumeti 
flask. The funnel, tubing, and bottle were wash 
with several portions of distilled water and t 
washings added to the volumetric flask. Suflicie 
glacial acetic acid was added to the flask to give 
0.1 N solution when brought to volume. A 10 
ml. aliquot of the final solution was assayed fluo 
metrically as described previousl 3 L Every ten 
shot with a total of ten shots was collected a' 
assayed. The results are shoivn in Table lAA 

Table IV. — Uniformity of Dosage Throw 
Adapter 


Epinephrine Bitartrate Delivered From 
Depression, meg. 

250 

280 

246 

250 

243 

Mean 272 
S. D. 28 


The average amount of drug doliv'ered through t 
adapter was 77.9% of the theoretical amount c 
culated from volume delivered by the valve. 

SUMMARY 

Pressurized aerosols for the administration 
drugs have received considerable acclaim becan 
of their many advantages. However, the litei 
ture has given little attention to the mca 
whereby these advantages become manifest, p£ 
ticularly in aerosols which are made to deliv 
small doses of potent drugs for internal ui 
The latter require the most exacting standar 
for their control and manufacture. 

The data presented here and in a previo 
communication (5) represent an attempt 
establish some standards for this dosage form. 
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A Comparative Study of Pharmaceutical 
Emulsification Equipment* 

By GARNET E. PECK, H. GEORGE DEKAY, and GILBERT S. BANKER 


A study has been made of six common types of emulsification equipment normally 
encountered in pilot plant experimentation or small-scale manufacturing. Min- 
eral oil and cod liver oil emulsions were prepared. The evaluation of the emulsion 
products involved measurements of particle size distribution, rate of creaming, 
and viscosity. The particle size distribution studies and the rate of creaming evalua- 
tion clearly differentiated the equipment studied. It was shown that the emulsions 
processed with a horaogenizer usually produced samples with a smaller average par- 
ticle size and a lower rate of creaming under the conditions of the study. The data of 
this study were subjected to statistical evaluation which indicated that both the emul- 
sifying agent and the processing equipment used significantly affect emulsion quality. 
A significant interaction between equipment and emulsifying agents was also shown. 


^ I 'he prep.\ration' and evaluation of liquid 

emulsified products present unique and im- 
portant problems to the pharmaceutical in- 
dustry. To economically manufacture stable 
and pharmaceutically elegant emulsion products, 
the best power equipment should be selected for 
the required processing, and then this equipment 
should be used in an efficient manner. 

In this investigation six common types of emul- 
sification equipment were used to prepare various 
emulsion samples. The samples were observed 
for their (a) degree of creaming, (6) apparent 
viscosity, and (c) particle size distribution of the 
dispersed phase. The results were then statis- 
tically correlated to the equipment utilized for 
the various formulations studied. 

EXPERIMENTAL 

Emulsification Equipment and Standardization. — 
The equipment used in this study may be divided 
into the three groups as stated by Johnson (1). 
Table I illustrates the equipment used and the con- 
ditions under which they were operated. The wall 
mixer was equipped with a 34.5-cm. sliaft, a 7.C-cm. 
two blade marine-type propeller, and a 'A-hp mo- 
tor, which was mounted vertically on a movable 
frame. The container used with this mixer bad a 
diameter of 20.3 era and a height of 24.5 cm. The 
mixer shaft was vertically inserted 5 5 cm. from the 
edge of the container. For the Eppenbach Homo 
Mixer, which had a 5.5-cm. propeller, a container 
with a diameter of 16.3 cm and a height of 19.3 cm. 
was used. The mixing shaft was inserted vertically 
and p’aced at the center ol the container during the 
mi.xing. 

In this study the r. p. m. of all equipment except 
the Manton Gaulin homogenizer were recorded and 
maintained at a definite level. The measurements 
were taken with a Strobatac.* For the standardiza- 
tion of both equipment and emulsion preparation it 
was necessary to prepare preliminary emulsions. 


♦Received August 21, 1959. from Purdue University. 
Sehoo! of Pharmacy, Lafayette, Ind 

Presented to the Scientific Section, A Pit. A., Cincinnati 
Meeting, August 1959. 

I General Radio Corp., Cambridge, Mass 


Table I.— Equipment Speeds and Settings 


Equipment 

Speed, r. p m 

Setting 

Agitators 

Wall mixcr“ 

1,700*' 


Waring Blendor' 

10,000 


Eppenbach Homo 

1,700 and 


Mixer' 

7,000*’ 


Colloid Mills 

Tri-Homo dis- 

7,000 

0.005 and 

perser-^'” 


0.003 in. 

Eppenbach col- 

7,000 

0.005 and 

loid milF •' 


0.003 in. 

Homogenizer 

Manton Gaulin 


3,000 and 

homogenizer-'^.'' 


8,000 p. s. i. 


« " • — • , „ ^ Conn, 

l* ' * lire 

♦ 'NY 

Mixing time, three minutes 
« Gifford-Wood Co , New York 17, N. Y. 

/ Emulsions processed through equipment once. 

I* Tri-Homo Corp.. Salem, Mass. 

1 1.1 anton -Gaulin Tlanufacluring Co , Inc., Everett, Mass. 

From these emulsions the equipment speeds and set- 
tings were established for this study as shown in 
Table I. The settings in Table I for the Manton 
Gaulin homogenizer were for the first valve. For the 
second stage valve the setting used was 500 p, s. i. 
in all cases. For all the processing equipment the 
samples were collected while the equipment was at top 
speed or at a constant pressure. 

Particle Size Evaluation. — -A direct microscopic 
measurement of the globule diameter of the dis- 
persed phase was performed using a stand microscope 
equipped with a 15X eyepiece and a 43X objective. 
The eyepiece contained a micrometer with a 5-iiim. 
horizontal scale divided into 100 divisions. In order 
to examine the emulsions microscopically it was 
necessary to dilute them with some liquid which 
would not affect the dispersed phase, but would de- 
crease Brownian movement. A 50% aqueous solu- 
tion of propylene glycol was used for this purpose, 
based on the findings of Levius and Drommond (2). 
The samples were diluted in a standard spot plate 
from ten to twentyfold, the finer emulsions requiring 
the larger dilution. One drop of the diluted emulsion 
was then placed on a microscope slide, a cover glass 
was placed over the drop, and the slide allowed to 
stand at least fifteen minutes on the microscope stage 
before viewing. 
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To determine the sample size (number of particles 
to be measured) in order to obtain a reasonablj' ac- 
curate estimation of population parameters, the 
metiiod of Harris, Horvitz, and Moon (3) uas applied 
to preliminary data representing the range of emul- 
sion products anticipated for the stud}' With the 
test a maximum confidence interval of one limit, a 
99% confidence coefficient, and a 95% probability 
Mere eraplo}ed, uith 99 degrees of freedom A 
sample size of 400 particles or globules ivas indicated 
as adequate under these test conditions, and 400 
particle size measurements consequent!} were made 
to obtain each emulsion mean particle size 

Viscosity Measurements. — In order to observe 
an} change in apparent viscosit}' betv een samples or 
after aging, a Brookfield S} nchroelectric. Model 
RYF viscometer- uas used uith the No 1 spindle 
at a speed of 10 r p m As indicated by Tober and 
Autian, the viscometer was operated for ten minutes 
m the sample before a reading uas taken (4) All 
measurements were made at 26° 

Formulation. — The first emulsion prepared uas 
the official liquid petrolatum emulsion N F X 
(5) However, it was necessan to reduce the quan- 
tity of acacia from the official 12 5% to 5 0% as sug- 
gested b} Levius and Drommond (2) The emul 
sions prepared uith power equipment were much too 
thick w hen the higher percentage of acacia was used 
For the second official emulsion (cod liver oil emul 
Sion N F X) the acacia was also reduced from 12 5 
to 5 0% (6) The third emulsion prepared was an 
emulsion of liquid petrolatum using a mixture of 
15% Tween 89’ and 3 5% Arlacel 80’ as the 
emulsifying agent The fourth emulsion was a 
liquid petrolatum emulsion using the U S P method 
for emulsification (7) 

Manufacturmg Directions for Emulsions — With 
the exception of the U S P gelatin method the 
emulsions were mixed as follows (a) The oil and 
the emulsifying agent were mixed for one minute at 
1,000 r p m (5) The proper volume of water was 
then added all at once The primary emulsions 
were formed at 1,700 r p m over a three minute 
period (7,000 r p m used for the Eppenbach Homo 
Mixer) (c) The remaining ingredients were added, 
water added to volume desired, and then mixed for 
fiv'e minutes at 1,700 r p m (7,000 r p m used for 
the Eppenbach Homo Mixer) 

For the liquid petrolatum emulsions prepared b} 
the gelatin method the prescribed U S P procedure 
was followed The final mixing of these emulsions 
was accomplished at 1,700 r p m for the wall mixer 
and 7,000 r p m for the Eppenbach Homo Muxer 

Machme Processmg Schedule. — Table I gives the 
setting and speeds used for the vanous samples All 
samples that were processed witli the refining equip 
ment were passed through the equipment once, as 
this IS the ideal method of equipment utilization, 
permits more absolute equipment comparison, and 
establishes a standard procedure w hich ma} be easily 
maintained 

Tube Sedimentation Method. — ^A v'anety of meth 
ods for the studv of sedimentation or creaming of 
emulsified products was found in the literature In 
this studv P} rex 20 mm e.\temal diameter tubing 
was cut into 18 inch lengths To close the tubes, rub- 
ber stoppers, size No 3 were used Each tube was 

• Brookfield Engineering Laboratories Stoughton, Mass 

t Atlas Pon-der Co , Wilmington 99, Del 


calibrated to 100 ml using a 100 ml volumetnc 
flask and distilled water These tubes were stored at 
room temperature m special tube racks 

Photomicrographs. — To supplement the particle 
size measurements photomicrographs were taken 
using a standard microscope and an Eastman Ko 
dak attachment ’ The magnification of the micro 
scope was 430 X The exposure times most fre 
quently employed w ere three and five seconds 

RESULTS AND DISCUSSION 

In order to present the results of this study more 
efficiently, it is necessary to use a coding system for 
the oils, emulsifying agents, and equipment utilized 
in this work Table II explains the various s} mbols 
used 

Temperature of Emulsions After Processing. — 
During the preparation of the emulsions the process 
mg equipment was standardized for use as de 
scribed under E,xperxinental As a portion of the 
equipment evaluation, the temperature rise pro 
duced during processing was considered The tem 
perature of each emulsion was taken immediatel} 
following Its preparation Two pieces of equipment 
were equipped with cooling jackets the Tri Homo 
disperser and the Eppenbach colloid mill The room 
temperature was 25° Table III illustrates the tem- 
peratures of the emulsions after processing 

From Table III it can be seen that the Eppenbach 
Homo Mixer at 7,000 r p m produced the greatest 
temperature rise in all of the emulsions studied No 
apparent changes due to the temperature differences 
were observed 

Apparent Viscosity Studies. — All emulsion vis- 
cosity measurements were performed twenty-four 
hours after emulsion preparation or processmg The 
viscosity measurements were repeated after one 


Table II —Coding of Samples and Equipment 


Material 

Coding 

Definition 

Oil 

LP 

Liquid petrolatum 

Oil 

CD 

Cod liver oil 

Emulsifier 

A 

Acacia 

Emulsifier 

TA 

Tween 80-Arlacel 80 

Emulsifier 

G 

Gelatin 

Equipment 

\VM 

Wall mixer 

Equipment 

WB 

Waring Blendor 

Equipment 

T5 

Tri-Homo disperser, 

0 005 m 

Equipment 

T3 

Tn Homo disperser, 

0 003 in 

Equipment 

E5 

Eppenbach colloid 
mill, 0 005 111 

Equipment 

E3 

Eppenbach colloid 
mill, 0 003 in 

Equipment 

MGS 

Manton Gaulm 
homogenizer, 3,000 

p S I 

Equipment 

MG8 

Manton Gauhn 
homogenizer, 8,000 

Equipment 

HM 1,700 

Eppenbach Homo 
Mixer, 1,700 r p m 

Equipment 

HM 7,000 

Eppenbach Homo 
Mixer, 7,000 r p m 


< Eastman Kodak Co , Rochester, K Y 
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Taui-d III. — Emulsion Temperatures After Processing, ° C. 



\VM 

\VB 

rr> 

T3 

E5 

•Equipment — 
E3 

MG3 

MG8 

HM 1,700 

HM 7,000 

LP-TA 

28 

28 

25 

25 

25 

25 

32 

39 

29 5 

42 

LP-A 

27 

30 

25 

25 

25 

25 

29 

38 

29 8 

41 

LP-G 

34 

32 

24 

24 

23 

23 

31 

37 


SS 

CD-A 

28 

30 

25 

25 

25 

25 

31 

40 


48 


montli of aging at room temperature Viscosity 
mcasurenicnts of the emulsions prepared with acacia 
or the Twecu-Arlaccl combination were also made 
after two months of aging In general, there were 
no appreciable changes in apparent viscosity’ after 
aging. The emulsions from the LP-G series showed 
little variation in apparent viscosity as a result of the 
equipment used. When emulsions of liquid petrola- 
tum and cod liver oil were prepared with acacia, the 
Eppenbach Homo Mixer produced the least viscous 
product. 

Rate of Creaming Studies. — ^To obtain a rate of 
creaming for the emulsion samples, the samples were 
observed during shelf aging in the tubes at room tem- 
perature and the degree of separation recorded by’ 
the measurement of the aqueous layer Tin's meas- 
urement was then plotted against time as illustrated 
by Fig I. From graphs such as this, the sedimenta- 
tion or creaming velocity was calculated according to 
Stokes’ law The results of the sedimentation 
velocity study are given in Table IV These values 
have been evaluated with caution since tlie slope of 
some of the curves was determined from a line with 
only two points It can be said that the Manton 
Gaulin homogenizer at 8,000 p. s i produced emul- 
sions which had the slowest rate of creaming in all 
cases and thus produced the best appearing emul- 
sions on aging. In the case of the cod liver oil emul- 
sions the degree of creaming was greatly reduced in all 
samples It was not possible to determine the sedi- 
mentation velocity for the liquid-gelatin series due to 
a delayed separation of the emulsion samples 

Particle Size Measurements and Their Statistical 
Evaluation. — Following the measurement of 400 
globules of each emulsion studied, the average par- 
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Mg. 1. — Rate of creaming, LP-A series. 


Table IV. — Sedimentation A''ELOcmES op the 
Emulsions in cm /day 



LP-A Senes 

LP-TA 

CD A Senes 

Equipment 

V 

Senes V 

V 

WM 

4 10 

5 00 

1 50 

WB 

0 12 

0.80 

0 01 

T5 

0.40 

2.10 

0 30 

T3 

0 23 

1.96 

0.14 

E5 

0 24 

2 10 

0 SO 

E3 

0.21 

1.97 

0.11 

MGS 

0 17 

0 76 

0.01 

MGS 

0 12 

0 00 

0 01 

HM 1.700 

2 37 

1 IS 


HM 7,000 

0 17 

2 90 

0 33 

Ex-ample, LP — 

A - WM; V 

Ih — Ih 

— tl 

123-0 

30-0 




= 4 10 


tide size and the standard deviation of the samples 
were determined Tables V and VI are the summa- 
tion of all these determinations It can be seen that 
in most cases those samples prepared initially with 
the wall mixer had the largest average apparent par- 
ticle size Differences in the average particle size 
between the readings were shown not to be statisti- 
cally significant 

An analysis of variance was performed to assist in 
the interpretation of the particle size distribution 
studies A three-factor analysis of variance was con- 
ducted, with I = 1-3 for the three emulsifynng 
agents, j — 1-2 for the two aging periods (initially 
and one month later), and k ~ 1-8 for the equip- 
ment and settings utilized, according to the t, j, k no- 
tation and design of Ostle (8) E.vperimental replica- 
tion indicated good reproducibility of the results It 
should be noted that the results from the wall mixer 
and the Eppenbach Homo Mixer at 1,700 r p m 
were not included These samples had rather large 
average particle sizes and thus were obviously sig- 
nificantly different from all other samples. Table 
VII illustrates the results of the analy’sis of variance 
From the table it can be seen that at the 5% level, 
significant differences are indicated between emulsi- 
fying agents, between equipment, and with the 
equipment-emulsify’ing agent interaction. In other 
words, the analysis of variance indicates that there 
are significant differences in average emulsion par- 
ticle size depending on which emulsify’ing agent is 
used, which piece of processing equipment is used, 
and which piece of processing equipment is used with 
which emulsifier. The differences in average particle 
size with aging were not statistically significant, nor 
were the reading interactions significant. 

To determine individual differences in average 
emulsion particle size of various pieces of processing 
equipment with each formulation studied, the New- 
man-Kucls test was employed (9) This test is valu- 
able for making multiple nonindependent signifi- 
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Table V. — Particle Size Measurements for the LP-A and LP-TA Series 


Tst Readingo ^ Reading^ n ^ “3rd Readingr- , 


Sample 

x'' 

5' 

X 

s 

X 

s 

LP-A-WM/ 

13.452 

15.026 

9.516 

18.847 

16.643 

20.53.3 

LP-A-\VB 

5 294 

2.560 

5.312 

1.369 

5.447 

1.072 

LP-A-T5 

5.191 

7.341 

5.745 

3.138 

4.214. 

2.031 

LP-A-T3 

4.018 

2.271 

3.941 

2.391 

3.734 

2.156 

LP-A-E5 

5.857 

7.080 

7.507 

6.854 

5.921 

3. SOS 

LP-A-E3 

5.100 

1.897 

6.361 

7.277 

5.426 

2.802 

LP-A-MG3 

3.562 

1.990 

2.801 

1.940 

4.058 

4.131 

LP-A-MG8 

4 453 

1 761 

4.875 

3.498 

4.904 

5.059 

LP-A-HM 1,700 

13 485 

12 515 

7.036 

7.438 

4.342 

7.197 

LP-A-HAI 7,000 

3 815 

1 390 

3.799 

3.063 

3.367 

0.970 

LP-TA-V^I 

4.190 

6 816 

2.223 

2.601 

1.056 

1.984 

LP-TA-WB 

2.600 

5 366 

2.133 

0.616 

1.700 

0.072 

LP-TA-T5 

5.070 

1.819 

2 785 

2.458 

1 . 843 

2.454 

LP-TA-T3 

4.410 

3 003 

4. 103 

3.354 

1.593 

2.118 

LP-TA-E5 

3 900 

2.698 

2.855 

3.724 

2.033 

1.078 

LP-TA-E3 

4.300 

3.719 

1.748 

2.032 

1.892 

1.885 

LP-TA-MG3 

1.400 

0.399 

1.320 

0.478 

1.086 

0.324 

LP-TA-MG8 

1.030 

0.262 

0.930 

0.442 

0.918 

0.175 

LP-TA-HM 1,700 

3.880 

3.139 

2.228 

2.600 

1.520 

3.233 

LP-TA-HAI 7,000 

2.091 

2.223 

1.815 

0.488 

1 457 

0.531 

a Initial measurement. 

* After one month 

^ After two months. In 

microns. ^ ! 

Standard deviation. 

/ See Table 


II for code. 


Table VI. — Particle Size Measurements for 
THE LP-G and the CD-A Series 


. — Readings — . ^2nd Reading ** — . 

Sample X' S'! X S 

LP-G-WM* 19.148 18.763 19.288 17.622 

LP-G-WB 2.823 3.173 3.782 3.503 

LP-G-T5 6 881 6.582 6.820 11.554 

LP-G-T3 7.090 12.314 0.585 11 133 

LP-G-E5 4.245 0.654 6.149 7 998 

LP-G-E3 0.058 7.265 3.542 3 771 

LP-G-MG3 1.384 1 004 1.303 0 965 

LP-G-MG8 1.426 0 289 1.122 0 274 

LP-G-HM 7,000 3.326 2.843 3.413 2.502 

CD-A-WM 5.864 7 597 8.596 8.441 

CD-A-WB 1.769 0.748 1 508 0 846 

CD-A-T5 4 489 2.508 5 301 4.169 

CD-A-T3 3.970 1.399 4.015 2.762 

CD-A-E5 2.823 1.590 3 469 1 658 

CD-A-E3 2.868 2.004 4.210 1 631 

CD-A-MG3 1 841 0.322 1.915 0.401 

CD-A-MG8 2.296 0 028 2.474 0.288 

CD-A-HM 7,000 2.159 0.989 2.075 0.801 

o Initial measurement i* After one month r In microns. 

Standard deviation. ' See Table II for code 


cance tests on differences among individual means in 
an analysis of variance. In the case of the liquid 
petrolatum-acacia emulsions after the first reading 
the following was shown; (n) No significant differ- 
ence between the Waring Blendor and the Tri-Homo 
disperser at 0.005-inch samples was observed. (5) 

No significant difference between the Tri-Homo dis- 
perser at 0.005-inch and the Eppenbach colloid mill 
at 0.003 inch- samples was observed. 

For the remainder of the samples in the series, all 
particle size differences between the equipment uti- 
lized were significant. 

Photomicrographs.— Photomicrographs are pre- tum-Tween-Arlacel emulsion. Figure 3 is the pho- 
sented to illustrate the particle distribution of the tograph of this formulation processed with the 
emulsions. In all the samples the emulsions were ilanton Gaulin homogenizer at 8,000 p. s. i. From 
diluted with the same quantitv of the 50% aqueous these two figures it can be seen that there is a definite 
propylene glvcol solution. Figure 2 is the photo- increase in the number of globules per unit area as 
graph of the' wall mixer sample of a liquid petrola- the size of the globules is reduced. 



Fig. 2. — Liquid petrolatum — Tween, Arlaccl emul- 
sion: wall mi.xcr. 
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Table VII. — 'Analysis of Variance 


Source 

Sutn of Squares 

Degrees of 
Freedom 

Mean Square 

Calculated F 

Fo 05° 

Significant 

! (Agetils)'’ 

39.57G-1 

2 

19.78S2 

34.7222 

3.74 

Yes 

j {Readings)' 

0.2970 

1 

0,2070 

0,4685 

4.60 

No 

k (Equipment) 

71.7397 

7 

10.2485 

17.9830 

2,77 

Yes 

i X ;■ 

3. -1820 

o 

1.7410 

3.0549 

3.74 

No 

I X k 

28.8,507 

14 

2.0008 

3.0160 

2.48 

Yes 

jXk 

i Xj X k (error) 

3. 6300 

7 

0.5187 

0.9102 

2.77 

No 

7.9788 

14 

0.5699 




Total 


47 






o Fo ci — Foints from the F distribution (9) ** Emulsifying agents, e xhc effect of aging 



. " r. ' 


\ 
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i 

f 

t 
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Fig. 3. — Liquid petrolatum — ^Tween, Arlacel emul- 
sion: Manton Gaulin homogenizer, 8,000 p. s. i. 

CONCLUSIONS 

1. When utilizing certain pieces of equipment 
to process several emulsion formulations, an 
appreciable emulsion temperature increase oc- 
curred. The Eppenbach Homo Mixer produced 
the greatest temperature increase, 20°, 

2. Emulsions prepared with acacia were more 
viscous than those prepared with either gelatin 
or a Tween-Arlacel combination. Some dif- 
ferences in apparmt toscosity were observed 
when the various pieces of equipment were 
utilized. .A.ging of the emulsion samples at 
room temperature did not produce appreciable 
changes in apparent viscosity. 

3. VTien using a simple sedimentation or 


creaming test conducted at room temperature, 
it was shown that the Manton Gaulin homog- 
enizer at 8,000 p. s. i. produced the least amount 
of creaming in the emulsions. The rate of 
creaming was calculated according to Stokes’ 
law, 

4. The Manton Gaulin homogenizer was the 
most effective of all the equipment studied, 
using a decrease in particle size of the dispersed 
phase as the criterion for efficient emulsification 
processing. The homogenizer produced samples 
with the smallest average particle size for all four 
formulations studied. 

5. An analysis of variance of the mean par- 
ticle size data indicated that significant dif- 
ferences existed betiveen (a) the three emulsifying 
agents, (b) the six pieces of processing equipment, 
and (c) the interaction between the emulsifying 
agents and equipment. 

C. With the formulations used in this study, 
one pass through the homogenizer (pressure 
type) produced a much greater particle size 
reduction than any other piece of equipment used. 

7. A refined oil such as cod liwr oil emulsified 
with acacia is definite^ easier to emulsify than 
liquid petrolatum ivith the same emulsifying 
agent, as shown by the smaller average particle 
size of the wall mixer samples and by the general 
lower rate of creaming. 

In the preparation of emulsions, the emulsify- 
ing agents and the equipment to be utilized should 
be careful!)'- considered in any formulation studies 
to obtain maximum particle size reduction. 
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The Synthesis and Pharmacology of 
N- (Substituted Aminoacyl)-chlorotoluidines IT 

By ELIAS EPSTEIN and NICHOLAS MALATESTINIC 


A number of N- (substituted aminoacyl)- 
chlorotoluidines were prepared and tested 
for local anesthetic potency, toxicity, and irri- 
tation on laboratory animals. Several of 
these compounds, as well as a few previously 
described, were tried clinically for local anes- 
thesia in dental procedures. 

' I *HE PROPERTY of inducing local anesthesia is 
widely spread among the various nitrogen- 
containing organic compounds. A great number 
of amino derivatives of esters, amides, alcohols, 
and hydrocarbons have been prepared and their 
local anesthetic effect noted in the literature. 

In our continuing search for better local 
anesthetics, we had described in our previous 
paper (1) several N- (substituted aminoacyl)- 
chloroanilines and toluidines, some of which 
showed sufficient promise to warrant further 
investigation of this chemical structure. Addi- 
tional compounds of this type, as well as a few 
N-ethyl chlorotoluidines, were prepared. After 
having been tested for anesthetic potency, 
toxicity, and for irritation on laboratory animals, 
several compounds from this as well as from the 
previousl)' prepared group were tried clinically 
for local anesthesia in dental procedures. 

The general method of preparation consisted 
of treating a chloroacyl chloride with a chlorotolu- 
idine in a manner described by Jacobs and Heidel- 
berger (2), with some modifications. The 
chlorotoluidide was treated with excess amine to 
form the anesthetic base which was isolated and 
purified by distillation under high vacuum of 
between 10 and 40;i. The anesthetics were 
isolated as their hydrochloride salts. Table I 
lists the boiling point of the bases and the melting 
point and analysis of the chlorotoluidide hydro- 
chlorides. 


500 ml. of water was added slowly, with stirring. 
The reaction temperature was kept under 10°. The 
precipitate which formed was filtered and waslied 
consecutively with water, 3 N hydrochlorie acid, and 
then water. The dried precipitate was dissolved in 
200 ml. of ethyl alcohol. The solution was saturated 
with hydrogen chloride and heated at reflux tempera- 
ture for two hours. On evaporation of the alcohol, 
75 Gm. (37%) of crude N-ethyl-3-chloro-4-niethyl- 
aniline hydrochloride was obtained as a white solid. 

a - Chloro - 3 - chloro - 4 - methyl - N - ethyl- 
acetanilide. — To 75 Gm. (0.3 mole) of crude 
N-ethyl-3-chioro-4-methylaniIine hydrochloride in 
250 ml. of glacial acetic acid was added, with stirring, 
40 Gm. (0.36 mole) of chloroacetyl chloride. The 
mixture was stirred for ten minutes and 200 Gm. of 
sodium acetate, dissolved in 500 ml. of water, was 
added all at once, with strong stirring. The slurry, 
after stirring for thirty minutes, was filtered and 
washed with water. The precipitate was dissolved in 
ether and the solution was extracted with dilute am- 
monium hydroxide and then water. After having 
been dried over anhydrous sodium sulfate, the ether 
solution was distilled. The fraction at 125-135° at 
70 fi yielded 60 Gm. (72%) of the anilide as a light 
j'ellow oil. 

Illustrative General Procedure for Table I Com- 
pounds. — A mixture of 15 Gm. (0.06 mole) of 
a-chloro-3-chloro-4-methjd-N-ethyl-acetanilide and 
22 Gm. (0.3 mole) of isobutylamine was heated at re- 
flux temperature for twelve hours. The excess iso- 
butylamine was evaporated on a steam bath and the 
residue treated with excess 5% hydrochloric acid. 
The mixture was extracted three times with ether. 
The water layer was made alkaline with excess am- 
monium hydroxide and extracted with ether. The 
ether solution was distilled and the fraction boiling at 
110-120° at 20 yielded 9.8 Gm. (56%) of a clear 
liquid. An ether solution of the base was neutralized 
with anhydrous hydrochloric acid and the precipitate 
recrystallized from ethyl acetate to jdeld a-isobutyl- 
amino-3-chloro-4-methyl-N-ethyl-acetanilide hydro- 
chloride as white crystals, m. p. 164-165°. 


PHARMACOLOGY 


EXPERIMENTAL 

N-Ethyl-3-chloro-4-methylaniline. — A mixture 
of 169 Gm. (1.2 mole) of 3-chloro-4-methjdaniline, 
166 Gm. of diethyl sulfate, and 960 ml. of 2 A sodium 
hydroxide was heated at reflux temperature, with 
stirring, for one hour. After the mixture was satu- 
rated with sodium chloride, the upper oil layer was 
separated and dissolved in 500 ml. of 3 jV hjnlrochlo- 
ric acid. A solution of S3 Gm. of sodium nitrite in 


* Received July 6. 1959. from the Research Laboratories of 
NoVocol Chemical Mfg. Co.. Inc.. Brooklyn 7, N. t . 

Th^e authors are indebted to Richard Snubas for assistant 
iu the analyses and to Michael Fisher for assistance m the 
pharmacological testing of these compounds. 


A pharmacological screening for use as local 
anesthetics of these compounds as tvcll as those pre- 
viously published (1) was conducted and several 
compounds were selected for clinical testing. 

The topical anesthetic potency was determined by 
application to the rabbit cornea of successively lotver 
concentrations of each compound and comparing the 
length of anesthesia with that given in the literature 
for cocaine hydrochloride (3). This method, origi- 
nated by Kollcr and described by Hirschfelder and 
Bieter (4) was modified as described in a previous 
paper (5). 

The conductive anesthetic potency was deter- 
mined by blocking the sciatic nerve of the guinea pig 


80 


February 19C0 


ScicNTiric Edition 


81 


TAiii-c 1. — N-(SunsTiTi;Ti:D AminoacylI-chlorotoluidines RNHCO(CHj)„R' 



B P, 
°C/m 

M p , 








■> c 


■ Ionic Cl, % 

— V 

-Molecular Wt - 

R' 

Base 

>1 HCl 

Formula 

Calcd 

Found 

Calcd 

Found 



(I) R = 2-Methyl-3-chlorophenyl 






NHCH, 

120/20 

1 Dccompn 

CioHuONjCU 

14 24 

14 

30 

249 

246 



233 







NHCjH, 

140/20 

1 Decompn. 

CuHisONnCb 

12 78 

12 

95 

277 

278 


273 







NHC;H. 

161/40 

2 204-206 

Ci-HisONiClj 

12 78 

12 

58 

277 

281 

NHC,H, 

149/30 

1 Decompn 

C.jH2oON=C!2 

12 18 

12 

32 

291 

289 


235 







NH(CHj)30CIl3 


I 216-218 

CuHsoOiNiCb. 

11 51 

11 

78 

307 

285 

Piperidino 

143/30 

1 227-229 

Ci^HmONiCI. 

11 69 

11 

86 

303 

288 

NHCiHsCiso) 

16S/20 

2 229-230 

CuHisON-C!. 

11 62 

11 

68 

305 

309 

N(C.H02 

155/20 

2 135-137 

CnHjjONjClj 

11 62 

11 

48 

305 

296 

RH(CH:)sOCH3 

205/20 

2 123- 126 

CuHj,O.NoCI: 

11 04 

10 

97 

321 

316 

N' lilethvl 

1 Dccompn 

C„H3:ON,Cl3 

19 99“ 

20 

38 

355“ 

349 

piperazine 


235 




08 

319 

319 

N(C,H,)2 

130/10 

1 162-164 

C.aHj^ONjCI. 

11 10 

11 

i\(C,H,) 3 (iso) 

145/20 

1 165-166 

C,7Hj80N3CI: 

10 19 

10 

34 

348 

347 



(2) R = 4-Methyl-S-chlorophenyl 






NHCjH, 


1 246-248 

CnH.sONeCl: 

13 50 

13 

26 

263 

266 

NHC,H, 


1 263-265 

CjjHjaONjCh 

12 18 

11 

86 

291 

290 

NHC,Hs(/cr/) 


1 Decompn 

CiaHjoON.Cb 

12 18 

12 

28 

291 

291 


281 







NHC,Hs 


2 216-217 

C„H;:ONiCI: 

11 62 

11 

61 

305 

305 

N(CH3)C4H9 


2 175-176 

C.sHj.ONjCb 

11 10 

11 

23 

319 

316 



(3) CjHsNCOCH^R' 









Uc. 









1 

CH, 






NHC,Hs 

105/40 

177-178 

CijHsoONiCb 

12 18 

12 

42 

291 

291 

NHC,H9(iso) 

110/20 

164-165 

CisH.,ON2Cl! 

11 10 

11 

12 

319 

319 

N(C2H,)3 

102/10 

145-146 

CwH-jONsCh 

11 10 

11 

20 

319 

319 


“ Dihydrochlortde 


Table II — -Pharjiacology of N-CSubstituied AminoacylI-anilides 


R- 


^NHC0(CH2)„R' 


R 

R' 

n 

^Relative Potency--~v 
Con- In 
Topi- due- filtra 

cal« tive& tion& 

^Rel Toxicity*^— 
1 p sc 

Clini- 

cal 

• Imtation‘i—> Evalu- 
Eye Wheal ation * 

3-Chloro 

NHC 2 H 5 

1 

c 

B 

B 

0 7 

0 8 

0 

0 

c 

3-Chloro 

NCCaHs)! 

1 

c 

B 

A 

0 7 

0 5 

0 

0 

B 

3'Chloro 

N(C 2 H 6)2 

2 

c 

A 

B 

0 6 

0 8 

0 

0 


3-ChIoro 

NHCCHjIjOCHs 

1 

c 

B 

B 

0 8 

1 I 

0 

0 

B 

2'A4ethyl-3-chloro 

NHCjHs 

1 

c 

B 

A 

0 5 

0 4 

-H 

0 

B 

2-MethyI-3-chloro 

NfCeHJj 

1 

c 

B 

B 

0 8 

0 5 

0 

0 

C 

2-Methv)-3'Chloro 

NCCjHs)! 

2 

A 

C 

A 

1 7 

2 0 

0 

0 


2-Methy!-3-chIoro 

NHC,H9(iso) 

1 

c 

B 

A 

0 6 

0 6 

0 

0 


2-Methyl-3-ch1oro 

NHCjHsCiso) 

2 

B 

C 

A 

1 3 

2 0 

4- 

-b 


2'Methy]-3-ohloro 

Piperidmo 

1 

B 

B 

B 

1 0 

0 9 

0 

0 


2-Methyl-4-chloro 

WCjHs). 

2 

C 

B 

B 

0 4 

0 5 

0 

0 

C 

2-Methj4-5'Chloro 

NH/CHjIsOCH, 

1 

B 

A 

B 

1 7 

1 3 

0 

0 

B 

2 -MetYiyl- 6 -cWoro 

NHC4Hs(1crt) 

1 

A 

A 

A 

1 1 

2 0 

0 

0 


4-Methv]-3-chloro 

NHCjHr 

1 

B 

B 

A 

0 5 

0 5 

0 

0 

B 

4'Methj’l-3'Chloro 

NHC 3 H 7 

2 

B 

A 

A 

0 6 

0 5 

0 

0 

B 

4'Methyl-3'Chloro 

NHC^HsCiso) 

1 

B 

A 

A 

0 3 

0 3 

+ 

0 



® As compared with cocaine hydrochloride, A — more potent, B- — approx equal, C — less potent 
® As compared with procaine hydrochloride, A — more potent B — approx equal C—less potent 
' As compared with procaine hydrochloride, the ' aluc for the s c , 750 mg /Kg , i p , 250 mg /Kg 
" Little or no irritation, 0, moderate irritation, *4* » sc\ ere trntatton, 4* 4* 

As compared with procaine hydrochlonde, A — more potent, B—approx equal, C— less potent 
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with successively lower concentrations of each com- 
pound and comparing the depth and length of anes- 
thesia to that obtained with procaine hydrochloride. 
Although this method originallj' introduced by 
Shackell (6) approximates conditions found in clini- 
cal practice, it has been found in some instances to 
give an erroneous value for the anesthetic potency in 
humans (5). 

The infiltration anesthetic potencj' was obtained 
by noting the anesthetic effect of an intradermal in- 
jection on the guinea-pig back under controlled 
conditions (7) and comparing the lowest concentra- 
tion that will produce anesthesia under these condi- 
tions as compared with procaine hydrochloride. 

The subcutaneous and intraperitoneal toxicities 
were determined on white mice and the upper limits 
of the intravenous toxicities were obtained using rab- 
bits. Each compound was checked for irritation, 
both on application to the rabbit eye and on intra- 
dermal injection in the rabbit skin, by the trypan- 
blue test of Weatherby (8). 

The concentrations of the compounds prepared 
for the clinic varied from 0.5 to 2% with epinephrine 
1 : 50,000. The upper limit used was determined by 
the toxicitjL No clinical solution more toxic than 
2% procaine hydrochloride was used. 

The pharmacological results of sixteen of the more 
promising compounds out of a total of seventy-two, 
together with a preliminary clinical evaluation of 
nine of these are listed in Table II. The results 
should be considered as semiquantitative since, be- 
cause of the large number of compounds screened, a 
minimum number of animals per compound was 
used. An average of four, six, and eight tests were 
used to obtain the relative topical, conductive, and 
infiltration potency of each compound. An average 
of twenty mice per compound were used to deter- 
mine the subcutaneous and intraperitoneal toxicity. 
The preliminary clinical evaluation was based on an 
average of twenty injections in the various concen- 


trations for each compound, with both block and in' 
filtration type injections being used, in a variety o* 
dental procedures. 


DISCUSSION AND SUMMARY 


Twenty additional N-(substituted aminoacyl) 
chlorotoluidines were synthesized and they, to 
gether with the fifty previously' prepared com 
pounds of this type, were tested pharmacologi 
cally for use as local anesthetics. Of the nin( 
tested clinically, six proved to be approximate!) 
equal in potency' to procaine hydrochloride ii 
dental procedures. Several compounds wen 
precluded from clinical testing because of tlieii 
low solubility' in isotonic solution. 

Although it was difficult to correlate molecula: 
structure with physiological activity', it wai 
noted that, in general, those compounds mon 
potent to]iically' were also more toxic and thal 
the substitution of the etlivl group for hydrogen 
on the aromatic nitrogen atom resulted in more 
irritating and less efficient local anesthetics. 
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Preparation of Compressed Tablet Granulations 
by the Air-Suspension Technique II* 

By DALE E. WURSTERf 


A new and rapid method for preparing com- 
pressed tablet granulations by the air-sus- 
pension technique is discussed. Experi- 
mental data dealing with material losses and 
variations in the drug and water content of 
the prepared granulations are presented. 

M uch investig.\tional effort has been 
expended in attempts to find means for 
preparing compressed tablet granulations which 
are devoid of the inherent disadvantages of the 

•Received August 21, 1959, from the laboratories of the 

Wisconsin Alumui Research Foundation, Madison. 

Presented to the Scientific Section, A. Pit. A., Cincinnati 
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conventional methods. The wet method, al- 
though probably' the most widely employ'cd, 
has the main disadvantage of exposing the 
drugs to water or other solvents and usually 
requires a long dry'ing time. Also, it is composed 
of several individual operations including blend- 
ing, granulating, and grinding which necessitates 
a large amount of material handling. The 
precompression method usually' eliminates the 
need for wetting the drugs but blending and 
grinding procedures and a considerable amount 
of material handling are still present. In 
addition, the method is not suitable for many 
drugs which are not readily' compressible. 
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The air-siispcnsion gramilaliiig tncUiod dis- 
cussed in Uiis paper is an albcmiit to circumvent 
some of the disadvantages of the above methods 
It is extremely rapid and eliminates the need 
for separate drying, dry blending, and grinding 
procedures. As currently used, this method is 
essentially a particle build-up rather than a 
particle aggregation process llmvcvcr, if par- 
ticle aggregation is desired, it loo can be obtained 
by increasing the humiditv in tlie column 

Previous exploratory work (1, 2) showed that 
it was possible to apply common granulating 
materials to small particles and then immediately 
place the formed granules in a tablet machine 
without further treatment Therefore, this 
paper deals mainlv with such as]iects as the loss 
of material during operation and the drug and 
water concentration in the fiinshed granules 
rather than a detailed description of the process 

EXPERIMENTAL 

The procedure employed in preparing tiie granu- 
lations was similar to tliat previously described ( 1 ) 
for the air-suspension coating technique Solid 
particles were coated with common granulating 
materials while suspended in an upwardly moving 
air stream in a vertical column The apparatus used 
in this process is shown in Fig 1 



Fig. 1. — Air-suspension granulating apparatus 


In this work 3 to 4 Kg. of 30- or 40-mesh particles 
were introduced into the column and coated with 2 
to 2 2 Kg. of granulating solids. In this case sugar 
particles served as the nuclei of the resulting gran- 
ules; however, the nucleus can be composed of either 
inert material or a drug. When the nucleus is a 


drug the granulating materials can be applied to the 
surface. Conversely, with an inert nucleus the 
drug can be included in the coat. With the above 
procedures nearly any drug concentration can be 
obtained in the granulation. 

A variety of granulating materials from both aque- 
ous and organic solvent systems have been applied 
to solid particles. The coating fluid used in this 
work w.as composed of 1,000 Gm. sodium bicarbon- 
ate, 400 Gm. lactose, 471 Gm. starch, 8 Gra. sodium 
latiryl sulfate, 500 ml. of 5% starch paste, and ,500 
ml water. The sodium bicarbonate served as a 
test substance for assay purposes. 

Since this investigation was concerned only with 
the aforementioned quantitative aspects of this 
process none of the granulations prepared for this 
series of tests were subjected to the tabletting proc- 
ess. Also, no attempt was made to find formulas 
which would give better bonding to the nucleus or 
yield satisfactory tablets. 

Operating Conditions. — In the last four tests 
shown in Table 1 an attempt was made to predeter- 
mine operating conditions to achieve a 90% humidity 
in the column A psychrometric chart tvas used for 
this puiqiose For example, with wet and dry bulb 
tenipemtiircs of 71° F, and 80° F , respective!}’, for 
the air entering tlie blower, a 140° F temperature for 
the inlet air to the column, an air flotv of 60 c. f. m. 
in the column, an 88 5° F. exhaust temperature, 
and n 90% humidity condition in the column, an 
approximate drying capacity of 0.0608 lb. of water 
per minute was obtained. Thus, 3 L. of a coating 
fluid containing 2 2 lb. of water was atomized in 43.3 
minutes (69.3 ml /min.). For a condition of 80% 
humidity in the column with an exhaust tempera- 
ture of 91 6° F , other conditions remaining the 
same, an approximate drying capacity of 0.0487 lb. 
of water per minute and an atomization rate of 66 3 
ml per minute were obtained. 

Methods of Analysis. — ^The loss of solids was de- 
termined from the weight difference between the 
total solids introduced and the solids recovered from 
the column This loss was assumed to be due to the 
entrainment of fine particles in the exhaust. 

The per cent deviation of the sodium bicarbonate 
content of the finished granulation from the calcu- 
lated amount was determined with the U. S. P. XT 
assay method 

The moisture content was determined from the dif- 
ference between the initial weight of the samples of 
the granulation and the weight obtained after drying 
in a vacuum oven at 55° tor fourteen hours. 

The granulations were classified according to 
mesh size using standard selves and a Ro-Tap testing 
sieve shaker 

RESULTS AND DISCUSSION 

Loss of Solids. — In Table I data on the loss of 
solids, the drug content, and tlie moisture content 
are presented The last four tests were performed 
with predetermined conditions (90% humidity), as 
previously described, rather than by a trial and error 
method From these data it appeared that the loss 
of solids increased as the humidity in the column and 
the moisture content in the finished product de- 
creased. The formation of the fine particles which 
were lost due to entrainment in the exhaust was prob- 
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Tabi e I. — Data on Material Loss and Drug and Water Concentrations in a Series of Compressed 

Tablet Granulations 


Weight Weight 

of Total of 

Mesh Solids Solids 


Test 

Size 

of 

Starting 

Introduced 

into 

Column, 

Recovered 

from 

Column, 

Solids 

Gm of NaHCOa per 
Gm. of product 

Deviation 

of 

NaHCOt 

Moisture 

in 

No 

Solids 

Gm 

Gm. 

Lost, % 

Calcd. 

Found 

Content, % 

tion, % 

1 

30 

6,000 

5,863 

2 76 

0 1667 

0 1632 

- 2.09 

1.02 

2 

40 

6,000 

5,550 

7 50 

0 1667 

0 1378 

-17.33 

0 54 

3 

40 

6,000 

6,845 

2 58 

0 1667 

0 1557 

- 6.05 

1.18 

4 

20-30 

5,000 

4,a34 

3 32 

0 2000 

0 1988 

- 0.60 

1.97 

5 

10 

6,000 

5,956 

0 88 

0 1667 

0 1652 

- 0.89 

3.13 

6 

30 

6,200 

6,010 

3 06 

0 1613 

0 1601 

- 0.74 

1.87 

7 

40 

6,200 

5,772 

6 09 

0 1613 

0 1574 

- 1.42 

1 15 

8 

30 

6,200 

6,100 

1 66 

0 1613 

0 1639 

+ 1 61 

1.98 

9 

30 

6,200 

6,094 

1 71 

0 1613 

0 1558 

- 3.41 

2 49 

10 

40 

6,200 

6,089 

1 79 

0 1613 

0 1687 

-(- 4 58 

3 33 

11 

30 

6,200 

6,111 

1 48 

0 1613 

0 1593 

- 1 23 

1.20 


ably due to a combination of attritional and spray 
drying effects at low column humidities. Although 
these losses can be recovered from the exhaust this 
was not done in this study. When the exhaust tem- 
perature approached that calculated for the dew 
point, aggregation of particles was observed. The 
formation of fines is also indicated in Fig. 2 where 
the particle size distribution of the starting material 
(approx. 40 mesh) and the two extremes, based on 
the water content (test 2, 0.54% HjO and test 10, 
3.33% HjO) are shown. In test 10, evidence of 
particle growth is shown whereas in test 2, no appre- 
ciable particle growth occurred and the fines in- 
creased. It is also pointed out that a considerable 
amount of material was lost (Table I) which would 
increase the per cent of fines in test 2 
Drug Content. — Assays on the sodium bicarbonate 
content of the finished granulation tend to indicate 
that with optimum operating conditions satisfac- 
tory drug concentrations can be obtained by this 
method. Unfortunately, the moisture content for the 
starting materials was not determined. This may 
possibly account for the large deviation in the sodium 



Fig, 2. — A plot of the size distribution of 

and coated particles. O 

0 coated particles, test no. 2, 0.oi w 

coated particles, test no. 10, 3.33% 
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bicarbonate content ( -)-4 58%) observed in test 10 
since these values were corrected for the water 
content in the finished product. Other large devia- 
tions, especiall}' tests 2 and 3, correlate fairly well 
with the low moisture content of the granulation. 

Water Content. — Experimental evidence indi- 
cates that the water content of the granulation can 
be controlled within the limits which are satisfactory 
for the subsequent tabletting process. In this series 
of tests, using vacuum oven drying, the water con- 
tent varied between 0 54 and 3.33% with varying 
column conditions In another series of six tests the 
water content, as determined with a Cenco mois- 
ture balance, varied between 0 9 and 2.2%. 

As the ratio of the weight of applied solids to the 
weight of the nucleus increased, improved flow prop- 
erties of the solid were noted. For example, when 
the applied solids on sugar crystals (30 mesh, angle 
of repose 36°) in the form of cubes constituted 10% 
of the final weight, the original crystalline form 
tended to be maintained. However, when the applied 
solids constituted 50% of the final weight, the parti- 
cles tended to become somewhat spherical in shape 
(angle of repose 28°) and the flow properties ap- 
peared to be enhanced. 

A subsequent paper will deal more specifically 
with the fundamentals of the process and methods of 
predicting operating conditions for different solvent 
systems. 


SUMMARY 

A new method for preparing compressed 
tablet granulations by a process similar to the 
air-suspension coating technique is discussed. 
Based on the experimental evidence obtained it 
appears that the described process can be con- 
trolled to maintain material losses during the 
operation of the column and the drug and water 
content of the finished granulation within rea- 
sonable limits. 
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Physical Properties of Lipids Used in Pharmacy F 

Screening Raw Materials Via Photomicrography 


By DAVIS R. REESE, CLIFFORD W. CHONG, and JOSEPH V. SWINTOSKY 


A simple photomicrographic technique has been devised to screen lipids for integrity 
of their crystal structure. In this technique, thin films of the materials are prepared 
on microscope slides and photomicrographs are taken of their surface and internal 
structures. The samples are then stored at normal or exaggerated temperatures for 
any desired period of time. At various intervals, the exact areas appearing in the 
original photomicrographs are rephotographed and compared with the originals. 
These permanent records permit detection of subtle changes which occur during 
aging. The technique has been used with a number of individual materials and 
simple mixtures. Representative photomicrographs are presented showing the 
structural integrity of carnauba wax, cetyl alcohol, hydrogenated soya oil, lauryl 
monoethanolamide, stearyl alcohol, and white wax. 


^T^his paper describes a photomicrograpliic pro- 
cedure for discerning the physical integrity 
of lipid substances. The procedure is illustrated 
with data from thin films of carnauba wax, cetyl 
alcohol, hydrogenated soya oil, lauryl mono- 
cthanolamide, stearyl alcohol, and white wax. 

Many pharmaceutical dosage forms contain 
one or more fats or waxes. A number of prob- 
lems associated with these dosage forms are di- 
rectly related to changes that occur in their lipid 
components upon aging. For example, changes 
-may occur which affect the hardness of supposi- 
tories, the spreadability of ointments, and the 
absorption of drug from the dosage form. 

A program has been established in our labora- 
tory to study lipid or lipid-containing materials. 
Emphasis in the program fs on the nature and 
degree of physical change these materials undergo 
after storage. We have found a photomicro- 
graphic procedure especially useful to screen the 
materials for their physical integrity. This 
screening procedure is designed to detect lipids 
which are likely to undergo sufficient physical 
change to alter the elegance and efficacy of dosage 
forms derived from them. The basic assumption 
of the test is that the nature and degree of physi- 
cal change in thin lipid films can be used in pre- 
dicting the physical changes these same lipids 
may undergo in dosage forms. 

In our procedure, photomicrographs are taken 
before and after storing the thin lipid films at 
different temperatures. Comparisons of identi- 
cal fields on the photomicrographs reveal crystal 
transformations, crystal growths, or the develop- 
■ment of microscopic cracks. 


^ * Received August 10, 1959 from the Research and De- 
TOlopment Division of Smith Kline and French Laboratories, 
I’hdadelphia 1, Pa. 
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EXPERIMENTAL 

Apparatus. — The basic items needed for micro 
observations are a polarizing microscope with a 
graduated mechanical stage, an adequate light 
source, a camera ivith a suitable holder, and a pho- 
tometer. Additional requirements for macro obser- 
vations are a low magnification system and a suit- 
able light source. 

The equipment utilized in our laboratory con- 
sisted of a Leitz Panphot camera microscope* 
equipped with polarizing filters and a graduated 
mechanical stage, a Polaroid camera back containing 
type 44 film,^ a built-in filament lamp for the micro 
observations or a ring illuminator for the macro 
observations, and a Photovolt photometer model 
fiOl-M.** Three lens systems were used to study the 
materials included in this communication; Micro 
system No. 1, periplanatic ocular lOX -|- apochro- 
matic objective 24/0.65; Micro system No. 2, 
Huygens ocular lOX -f achromatic objective 
10/0 25; and Macro system No. 1, Summar lens f 
4.5/8 cm. Actual magnification on the photograph 
for the three systems was 500 X, 200 X, and 8X, 
respectively. 

Raw Materials. — Carnauba wax, yellow Grade 1, 
E A. Bromund Co.; cetyl alcohol, N. F., M. 
Michel and Co., Inc.; hydrogenated soya oil 
(Textee Flakes), E. F. Drew and Co., Inc.; lauryl 
monoethanolamide (Kessco X-159), Kessler Chem- 
ical Co.; stearj'l alcohol, V. S. P., E. I. du Pont de 
Nemours and Co. ; and white wax, U. S. P., Koster- 
Keunen, Inc. 

Preparation of Slides for Microscopic Observa- 
tions, — Thin lipid films, about one crystal thick, 
make the best samples for microscopic examination. 

Crystal changes develop more readily if the films 
remain uncovered. The films are prepared in the 
form of wedges to assure the presence of areas ap- 
proaching optimal thickness. At the time of ob- 
servation, each wedge is scanned to locate the most 
desirable field. 

Preparation of the slides according to the folloiving 
procedure has been found satisfactory. First, place 
a small piece of the test material on a glass slide and 


* E, Leitz, Inc., New York 16, N. Y 

* Polaroid Corp., Cambridge 39, Mass 

* Pbotovolt Corp., New York 16, N. Y. 
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heat it gentlj’ until melting is complete Next, 
spread tlie molten material into a thin film uith a 
small, u armed glass rod Then slowly mo\e the 
rod from one end of the slide to the other until the 
material begins to solidifj Fmalh , remove the rod 
and allow the film of test material to cool If the 
slide has been properly prepared, two ’wedges” of 
sample are formed, each tapering from one end of the 
slide to the center 

At least four such slides were prepared for each 
material and stored at room temperature for at least 
two hours before making the original observations 
This stabilizing period pro\ ided an opportunitj for 
low melting fractions m the sample to crjstallize 
prior to observation 

Original Observations.— At the end of the stabi 
lizing period, each slide was observed under the 
microscope by transmitted polarized light and 
scanned at several magnifications When the most 
appropriate magnification had been selected, a 
representative area was photographed The stage 
settings employed with each photomicrograph were 
carefullj read and recorded The t> pe ocular and 
objective used, bellow s length, tj pe lighting sj stem, 
exposure time, and photometer reading were also 
recorded A range in magnification from 50-500X 
was used 

When the micro observations w ere completed, the 
stage, bodj tube, and light source were replaced with 
the macro accessories The slides were placed on 
the macro stage which was graduated in ‘/i inch 
units All macro observations were made bj' in 
cident light at 8X After taking the photomicro 
graphs the slides were placed in boxes and stored at 
either —15°, room temperature, 37°, or 45° 

Subsequent Observations. — Reobservations of 
the slides were made at one week, and at one, three, 
SIX, twelve, and twentj four months The areas to 
be photographed were located bj' using the stage 
readings from the original observation and, when 
necessarj , the slides were further centered by com 
paring the field m the microscope with the original 
photomicrograph of that slide The slides were 
alwavs scanned to detect significant changes that 
might have occurred in isolated areas When any 
such changes were detected, they were photographed 
and rechecked in later observations 

Observations were discontinued whenever the 
room temperature slides exhibited a gross change in 
crystal structure All slides stored at exaggerated 
conditions w ere transferred to room temperature at 
the end of three months 

RESULTS 

It IS important to note that the samples w ere ob 
tamed bj slowlv solidifv mg the melt Other meth 
ods of sample preparation might have yielded dif- 
ferent results Unless otherwise noted, samples 
stored at —15° showed no change 

Cetyl Alcohol.— Frames 1-6 (Fig 1) depict cetjl 
alcohol magnified 200 times and observed with 
transmitted light Corresponding areas w ithin each 
frame are enclosed bv the white circles Discernable 
changes occurred after only one month of storage at 
room temperature (Frame 2) Even more drastic 
changes occurred at 37° (Frames 5 and 6) Frames 
7—12 (Fig 1) are incident light observations of the 


same slides but magnified only 8 times The cnstal 
changes are much less evident at the lower iiiagnifi 
cation Although these structural changes are in 
visible to the unaided eye, the data indicate tint 
cetyl alcohol might not be suitable for uses where 
erv stal integrity is a requirement 

Hydrogenated Soya Oil. — Transmitted light 
observations of this material are shown m Frames 
13-16 (Fig 1) Although the matenal has a reh 
tivelv high melting point of 67°, Frame 14 shows that 
it undergoes severe crystalline change after storage 
at room temperature for one month Some change 
maj be noted even after storage at —15° (Frame 
16) As with cetjl aleohol, one would be dubious of 
using this type of hydrogenated soym oil if crystal 
integrity is important 

Stearyl Alcohol. — Frames 16-22 (Fig 2) depict 
transmitted light observations made after storage 
at room temperature for twentj'-four months, at 37° 
for three months, and at 45° for three months 
Only' minor structural changes have occurred under 
these conditions Although stearyl alcohol is closely 
related to the cetyd alcohol shown in Fig 1, the 
integrity of its cry'stal structure is definitely better 
at the temperatures studied Frames 23-28 (Fig 
2) show that very little change has occurred in the 
gross structure of steary I alcohol From this study , 
stearyl alcohol would be considered to have sufficient 
integrity' to permit its evaluation in dosage forms re 
quirmg a material of high structural integrity 

White Wax — White wax is reasonably stable for 
twentj four months at room temperature (Frames 
29 and 30) (Fig 2) Frame 32 (Fig 2) made after 
storage at 37°, shows several dark areas just below 
the white arrow These are thick crystalline areas 
which have developed They are dark because light 
IS no longer transmitted through them The change 
occurring at 37° is much more clearly shown in 
Frame 36 (Fig 3), which is the incident light ob 
scrvation of the same slide Numerous crystalline 
areas cover the surface of the slide These observa- 
tions indicate that white wax will maintain satis 
factory crj'stal integrity if the storage temperature 
IS approximately 25° They also indicate that 
changes occurring at elevated temperatures do not 
alwaj's occur at room temperature within a two year 
period 

Lauryl Monoethanolamide. — This material under- 
goes some structural change when stored for twenty- 
four months at room temperature or for one month 
at 37° (Frames 37-41) (Fig 3) Frame 42 (Fig 3) 
shows that a gross change occurs between one and 
three months at 37° w ith disappearance of the char- 
acteristic structure The incident light observa- 
tions of Frames 43-48 (Fig 3) confirm this, but the 
degree of change is not so apparent The white area 
appearing under the arrow on Frame 44 is the result 
of damage during handling and should be ignored 
These observations indicate that lauryl mono 
ethanolamide can probably be used m dosage forms 
if structural integrity is not highly' critical Pro 
longed storage at elevated temperatures should be 
av oidcd 

CarnaubaWax — Frames 49-54 (Fig 4) show that 
camauba wax exhibited verv little change m crystal 
structure when stored at room temperdture for 
twentj four months, 37° for three months, or 45° 
for one month This integrity of the crystal struc- 
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.ure IS further exlubitcci iii the incident light ob- 
icrx.itwus, rraiiics rifi-GO (Fig 1) From this d itn, 
3110 would conclude th it earn mb i wa\ h is proper 
lies which in u iinkc it %.iluable for pluiriiuiccutical 
JSC Fraincs 61-01 (Fig 4), howcicr, show tint 
nriaubi w i\ cracked when stoied it —15° At 
ugh niignificition (Flame 02) onh a few cracks ire 
asible two of these arc marked with arrows 
Lhc crack on the right being partnlU co\ cred bi the 
irrow The chritj of the cracking in Frame 04 
indc with low in igmficatioii shows how the iiici 
feat liglit obsen ations often suiJiilcmont those m ide 
luth transmitted light These obsen aliens iiidicite 
tint caniauba wax will maiiit im its crjslal structure 
it room temperature and at sonicwhit elevated 
temperatures Dosage forms cinpiojmg it inaj 
need to be plasticized w hen tlicv w ill be e posed to 
Freezing temperatures 

DISCUSSION 

The Panphot camera microscope has several 
Features which we found advantageous It has a 
built in light source, separate oculars for photo 
graphic and \ isual observations, an attached camera 
with viewing screen, and it can also be used for both 
macro and micro observ ations 

The use of Polaroid film permitted rapid dev clop 
ment of photomicrograplis representing original 
observations and also eiimin'>ted the need for a 
photographic darkroom The rapid availabihlj of 
the photomicrographs permitted the defective ones 
to be remade prior to storage of the slides at C'ag 
gerated temperatures 

Since the area photographed changes inversely 
with the magnification, total magnification should be 
just sufficient to permit distinct observation of a 
charactenstJc structure Choice of proper magnifi 
cation for the micro and macro observations cannot 
be overemphasized The micro observations were 
made with transmitted light to detect minute 
structural changes The usual magnification for 
these observations was 50-200 X, but occasionally 
ran as high as 500X Magnifications of the photo 
micrographs used in this communication are some 
times greater than found necessary in practical 
screening studies These were employed to enhance 
clarit} in the reproductions of the photomicrographs 

The macro observations were made with incident 
light to detect gross surface changes which might 
have an adverse effect on the elegance of pharma 
ceutical products Optimum magnification was 
usuallj 5-10 X The ability to pick up gross 
changes at these lower magnifications was clearly 
shown m the cracked sample of carnauba wax 
(Fig 4) 

The photoraicrographic technique has several 
features which make it useful (A ) thin films of sam 
pies are employed to give maximum sensitivity in 
detection of structural change, (5) for reobservations 


of stored slides, the exact areas observed in the origi- 
nil photomicrographs are used, (C) the photo- 
iiiicrognphs arc permanent and they can be studied 
whenever desired, and (D) the consecutive photo 
micrographs of a sample facilitate the determination 
of the approximate rate and seventy of structural 
change On the other hand, the method has three 
disadvantages (A ) in dosage forms, the structural 
intcgritj of the lipid components may be affected by 
the other components Therefore, films of single 
hpids may not alwaj's reflect the changes these 
lipids would undergo when blended with otin r hpids 
or pharmaceutical agents, (B) the causes of the 
crvstal changes are difficult to interpret, and (C' 
the integrity of the sample following storage cannot 
be predicted from the original observation 

Crvstal transformations in fats and waxes are 
geiicrallj the result of polymorphism, i e , the ability 
to exist in more than one crystalline form (1-3) 
In a polymorphic substance the crystal form present 
at ail} given time will depend in part on the heat 
history of the sample During storage, if a Iran 
sition occurs, it is normall} toward a more stable 
crvstallme form Crystal size, melting point, solu 
biht}, and other properties may be quite different 
from those of the original forms Thus, these new 
forms, although more stable, may be detrimental to 
the appearance and desired performance of a 
manufactured product 

Heterogeneous lipid materials may also show a 
change in solid liquid ratio with a change m storage 
temperature and/or with the passage of time An 
increase m solid content occurs as entrapped liquid 
gradual!} crvstalhzes into solid forms, whereas a 
decrease in solid content occurs when the tempera 
ture IS elevated above the melting point of low melt 
mg fractions in the lipid 

Although the data reported here are limited to 
sev'eral individual hpids, the photomicrographic 
technique has potential use with hpid rai'tures and 
with all drug:> or dosage forms which may undergo 
crystalline changes 

Among the potential applications for the tech 
niaue m lipid dosage forms are (A ) to determine the 
maximum amount of a specific hpid raw materia! 
which could be used without causing adverse struc- 
tural effects, (B) to determine the effect on hpid 
structural integrity of introducing a drug into a 
master formula, and (C) to compare the structural 
mtegrit} of sev’eral alternate development forms of a 
product 
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The Biological Action of Cellular Depressants 
and Stimulants IV* 

The Effect of Phenylurethane on the Onset and the Magnitude of 
Synchronous Cell Division of Tetrahymena pyriformis GL 

By WALTER SINGERf, KWAN-HUA LEE, and JOHN J. EILER 


Phenylurethane is shown to delay the onset of 
synchronous division and to decrease the 
maximum division index in cultures of Tetra- 
hymena pyriformis GL synchroniaed by tem- 
perature cycling. 


A FIRST .'iPPRO.'icii to understanding how an 
agent e.xerts a narcotic action upon cell 
processes is to measure the effect of the narcotic 
upon physiological and ci’tological characteristics 
of cells. Unicellular microorganisms have often 
been utilized for such studies. An actively 
growing population of microorganisms is a 
heterogeneous mixture of cells representing 
all stages of a life cycle in which an individual 
cell divides to form two cells, each of which 
develops over a span of time into a mature cell 
which again divides. Recently developed syn- 
chronization techniques (1, 2) can produce 
populations of bacteria, yeast, or protozoa in 
which most of the cells have been brought into 
the same phase of the life cycle. Large homo- 
geneous masses of cells are thereby made available 
for study. 

Scherbaum and Zeuthen (3-5) have described 
a method for synchronizing the ciliate protozoan, 
Tetrahymcna pyriformis, by exposure of an 
actively growing log-phase culture to brief 
periods of sublethal temperature shocks al- 
ternated with exposure to equal periods at a 
lower temperature optimal for growth. During 
this temperature cycling, the cells increase in 
mass but do not divide, ^^'he^ finally returned 
to, and kept at optimum temperature, the cells 
grow slighth' and begin to divide only after a 
quite constant lapse of time. After approx- 
imately eighty minutes at optimum temperature, 
about SO per cent of the cells are seen to be 
undergoing fission. This essentially simul- 
taneous entry into the phase of division is the 
evidence that the tetrahymcna have been syn- 
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chronized by the heat treatment. Subsequently, 
a second and a third synchronous division m,iy 
be observed. 

As a part of a continuing interest in the 
mechanism of narcotic action, workers in this 
laboratory have studied (6, 7) the effect of ure- 
thane on the growth and respiration of asy- 
chronously growing cultures of Tetrahymcna 
pyriformis W and on the oxidative phosphoryla- 
tion of cell-free preparations (8). The results 
obtained indicate that the action of urethane to 
decrease the rate of cell division of tetrahymcna 
is associated with a reduction of an oxygen- 
dependent growth factor. The system devised 
for synchronizing tetrahymcna offers an op- | 
portunity to extend the observations of the 
effects of members of the urethane series to , 
(o) tetrahy^mena being synchronized by tem- j 
perature cycling and to (6) the resultant syn- ^ 
chronized cells. Such a study deals, in the 
first instance, with cells that are growing but 
not able to divide and, in the second, with cells 
that are all in the same phase of their life cycle 
and soon destined to enter simultaneously into 
the process of cell fission. Accordingly, this 
investigation was concerned with the effects of 
phenylurethane, a potent narcotic, upon .signifi- 
cant biological parameters related to growth and 
cell division in cultures of tetrahy^mena treated 
to produce synchronous cell division. This is a 
report of the action of phenylurethane to delay 
the onset of synchronous division and to de- 
crease its magnitude. Effects of this agent upon 
cell volume increase and upon the symthesis of 
protein and desoxyribonucleic acid during and 
after heat treatment are reported scparatciv 
(9). 


MATERIALS AND METHODS 

Culture Techniques.— Axenic stock cultures of-- 
Tetrahymnia pyriformis GL (obtained through the 
courtesy of G. \V. Kidder) were maintained in 
slanted test tubes at 28° in 1.8% nroteose-peptone 
(Difeo) plus 0.2% .veast extmet (Difeo). Celb 
(0.6 to 15 X 10^ in number) from a forty-eight hour 
old stock culture were inoculated into 400 ml. "f 
sterile culture medium in a 2-L. Erlcnmcycr flask 
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Synchronization Procedure. — The s\ nchroiiiza- 
tioii procedure w.is iiiVVcrned .itvcr tli.it 
developed b\ Scherhauiii and 7cuthcu (2-5) 
Tvvcntv-five niilhliltr suspensions of logarilhmicallj 
growing cultures in proteose peptone and veast ex- 
tract incdiuui (0 2 to 2 1 X 10-“ cells per ml ) were 
.iscptie dlv pipcted into sterile 300 ml h rlciimev cr 
fl isks, usu dlv SIX 111 number The flasks were sus 
pended in a water bath fitted with controls (10) 
winch could be set to alternate the water tempera 
lure between two levels The cells were exposed to 
hdf-hour periods at 34" allcriiated with h.ilf hour 
periods at 28 2“ It required eight iinniites to raise 
the bath tcmperaliire from 23 2 to 34° and twelv'C 
iiimutes to lower the temperature again The eight 
minutes were included m the half hour .U 34°, the 
twelve nnmitcs were inclndcd in the h.df hour at 
28 2° After the eighth period at 34°, the bath 
temperature was allowed to drop to 28 2° and was 
then kept constant at this level The flasks were 
shaken throughout the treatment \\ ith this pro 
cedure, a good first s\ iiclironous div isum was alwaj s 
obtained and a second was sometimes seen A 
third svnehronous division w.is not observed to 
occur 

Cell Counting. — Oiie-inilhhtcr samples were pi- 
peted from test cultures at appropriate intervals 
The cells were killed bv tlie addition of 0 3 ml of 
formalin The number of cells per ml of sample was 
determined using a Sedgewick Rafter counting 
chamber and a Whipple micrometer (6, 11, 12) A 
second count of only the numbei of dividing cells 
was also made for eacli sample Any cell show mg anv 
degree of cv toplasmic fission w as considered to be a 
dividing cell A 5 power ocular and I6-mni objec 
tive were used Photomicrogr.iphs were taken of 
kev samples 

Reagents — Phenylurethanc (Eastman) CsH,, • 
N'H COOC»H<), recn stalhzed once from petroleum 
ether, was dissolved in 95% ethanol to prepare stock 
solutions such that 0 05 ml added to 25 ml of cell 
suspension would provide the desired final drug coii 
centration 

RESULTS AND DISCUSSION 

One measure of the degree of synchronization is 
the division index (4) which is defined as the ratio of 
the number of dividing cells to the total number of 
cells at a given instant The maximum division 
index, 1 e , the highest such ratio found during the 
time interval through which the symehronous divi 
Sion takes place, is a most useful criterion of syn 
chromzation Its magnitude and the time at which 
It occurs can be readily' accurately determined bv a 
graphical method using values for division indexes 
from the several samples taken at intervals during a 
sy nchronous division outburst (see Figs 1 and 2) 
Under the expcTimenta! conditions used, the value 
of the maximum division index and the length of the 
lag period (the interval between the end of tempera 
ture cycling and the occurrence of the maximum di 
vision index) were found to be quite reproducible for 
first sv nchronous division 
The effect of pheny lurethane on these parameters 
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MINUTES AFTER END OF HEAT TREATMEHT 

Fig 1 — The effect of phenv lurethane on division 
index and on population densitv 6 X 10 M 
phony lurethane added before heat treatment Divi- 
sion index, O = control, • = drugged Population 
density , X = control, # = drugged 




Fig 2 — The effect of pheny lurethane on div ision 
index and on population density 6 X 10 il/ 
phenv lurethane added after heat treatment Divi 
Sion index, • = control, X = drugged Population 
densitv, © = control, o = drugged 

of symehronous division and upon increases in cell 
number was studied under two general conditions, 
im, when the drug was added just before starting 
the heat treatment and when it was added approxi 
mately fifteen minutes after the fin il 34° level In 
either case. 0 05 ml of the drug m 95% ethanol was 
added asepticallv to 25 ml of cell suspension to y'leld 
a final concentration of 6 X 10 3/ w ith respect to 

phenv lurethane This concentration has been 
shown bv conventional turbiditv measurements to 
inhibit revcrsibh the total cell mass increase (by 
50%) in asv nchronous cultures of tetrahv raena it 
also decreases the rate of cell multiplication in these 
cultures as measured bv cell count (unpublished 
data) 

The Effect of Phenylurethane on First Syn- 
chronous Division: 6 X 10 M Phenylurethane 
Added Before Heat Treatment.— The effects of 
phenv lurethane on the first svnehronous div.sion of 
cells which were svnchromzcd b\ heat treatment 
in the presence of the drug are shown by data m 
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Table I. — The Effect of Phenylurethanb on First Synchronous Division 



Max. Index 

Tiraea 

Cells/ml. X 10-3 
Log Phase Prediv. 

Postdiv. 

Post-/PrC' 

Controls*' 

0.77 ± 0 01 

so ± 0 7 

47.7 

54.4 

95.1 

1.7 ± .03 

Drugged* 

0.42 ± 0 02 

100 ± 0.9 

47.7 

53.3 

79.9 

1.5 ± .04 

Controls' 

0.69 ± 0 02 

83 ± 1,6 





Drugged' 

0 61 ± 0 03 

89 ± 1.8 






a The number of minutes between the enrl of the heat treatment and the attainment of the maximum division index. 
6 Average values for II experiments in which G X 10'* M phenylurethane was added before heat treatment, 
r Average values for 11 experiments in which G X 10'* M phenylurethane was added after heat treatment. 


The standard errors shown here were calculated from the formula: S. E. = — A' )* 

' «(« - 1 ) 


Table I and in Fi f. 1. It should also be brought out 
here that, during the heat treatment, the control cells 
almost tripled in size and in protein content relative 
to log-phase cells, and that the drugged cells in- 
creased onl}' to about three-fourths of the size of the 
control cells (9). One effect is a decrease in the 
magnitude of the maximum division index; the 
average value for drugged cells was 54.5% of that 
for the controls, A second is a twenty-minute in- 
crease in the time interval between the end of the 
heat treatment and the attainment of the maximum 
division index. Figure 1 is a graphical presentation 
of these effects as observed in a typical experiment. 
It should also be noted that the delay in reaching the 
maximum division index was accompanied by a de- 
lay in the onset of division. The delaj' in onset, 
although clearl}- evident (Fig, 1), was not amenable 
to quantitative treatment because it was difficult to 
pinpoint the time at which the first cytoplasmic fur- 
rowing occurred. 

A third effect of the drug, when added prior to 
heat treatment, is a decrease in the number of cells 
resulting from the first synchronous division. In 
Table I, the population densities of control and of 
drugged cultures are compared. The predivision 
density is the average number of cells per ml. in the 
three or four samples taken before peak division in- 
dex; this represents the cell population at the end of 
the heat treatment. Predivision population densi- 
ties of drugged cultures did not differ significantly 
from those of the controls. Each postdivision den- 
sity was obtained from a single sample collected 
when the first synchronous division outburst was 
over. Table I shows that the postdivision popula- 
tion density of drugged cultures averaged 84% of 
that of the eontrols. The 1.5-fold increase in 
drugged cell count during the synchronous division 
is significantly lower (/> = 0.01) than the 1.7-fold 
increase in control cell count. 

A fourth drug effect is an increase in the time 
needed to complete the first synchronous division 
outburst once it has started. In Fig. 1 it can be 
seen that the rate of change in division indexes was 
less rapid in the drugged culture than in the control. 
Also it is apparent in Fig. 1 that the cell population 
in the drugged culture increased less rapidly than in 
the control. 

The lesser slopes of these temporal changes in 
division indexes and in population increases sug- 
gested that phenj'lurethane might be adversely 
affecting the induced phasing of the tetrahymena. 
Er-idence for this point of view was obtained from a 
differential count of fission stages. This count was 
niade from photomicrographs taken of cell suspen- 
sions which were just before or just after peak divi- 


sion. Five categories of cells were set up, namely, 
(a) not divided, (5) starting to divide, (c) half-way 
divided, (d) nearly split apart, and (e) daughter 
cells. The decision to place a cell into a specific 
category had to be based upon a close scrutiny of the 
outline of the fixed cell followed by an estimation of 
how far along in the fission process the cell had pro- 
gressed. Some inaccuracy must necessarily' result 
from attempting to divide into discontinuous groups 
a continuous action such as cell fission. 

The data are summarized in Fig. 3. For the 
control culture, the finding of the definite high per 
cent peak at progressively later fission stages as the 
time of maximum division index was approached and 
passed, shows that a large group of these cells began 
to divide at the same time and continued to pass as a 
group through the entire fission process. This is the 
picture to be expected for good sy'nchrony'. 



Fig. 3. — The effect of phenylurethane on the 
distribution of fission stages of Tetrahymena during 
first synchronous division: 6 X 10“^ 3/ phenyl- 
urethane added before heat treatment. .Approxi- 
mately 2,500 drugged and 2,500 control cells were 
cataloged. ■ = not divided; 0 = starting to 
divide; 0 = half-way divided; □ = nearly split 
apart; H = daughter cells. 

The drugged cells did not show this formation of a 
well-defined group. Large groups were found only 
at two times, i. c. at eleven minutes pre-peak when 
most of the cells had not yet begun to divide and 
again at ten minutes postpeak when daughter cells 
were in the majority. Near the time of the maxi- 
mum division index, especially shortly postpeak, the 
cells were about evenly proportioned among four 
stages. This is in sharp contrast to the findings in 
the control culture and indicates that phenylure- 
thane had interfered with the pha.sing of the cells. 

Each of the effects on the parameters of first syn- 
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chroiious division whicli arc observed when plienyl- 
itrclliane is added before heat treatment can be at- 
tributed to inliibitory actions of tlie drug on a cellu- 
lar system or systems concerned with division. The 
delayed onset of division is direct evidence that 
phcnylurcthanc cither slows formation of material 
essential to initiation of division or else prevents for 
some time the action of the material once formed. 
Tlie out-phasing of the cells manifested as a de- 
creased rate of change of division indexes and of 
population can arise from a randomized entry into 
the division pliase due to individual variation in cell 
susceptibility to phenylurethane inhibition. Some 
cells are affected by the drug to such an extent that 
they fail to divide during the synchronous division 
outburst. There rvouid appear to be a relationship 
between the failure of a proportion of the drugged 
cells to divide during the first symehronous division 
and the observed lowered value for the maximum 
division index of the drugged cells. The drugged 
cell population was found to average 84% of that 
of the control cells after completion of the divi- 
sion outbursts (Table I). From the maximum di- 
rision indexes (Table I), one can calculate that the 
ratio of the number of drugged cells to control cells 
after synchronous division would be 1.42/1.77, i. e., 
that the drugged cell population would be 80% of 
that of the control cells. The correspondence be- 
tween these figures indicates that the lowered divi- 
sion index reflects an action of phenylurethane to 
prevent the division of a number of cells. Possibly 
the out-phasing of the cells also contributes to low- 
ering the maximum division index. 

Data in Table I provide evidence that cells may 
reach a stage in the fission process which is insensitive 
to inhibition by phenylurethane. The small in- 
crease in cell numbers which occurred during the 
heat treatment is taken to indicate that temperature 
cycling did not stop the division of cells which had 
already begun to divide (5). Since the drugged 
cell and the control cell populations increased equally 
during heat treatment, apparently phenylurethane 
also did not stop division once it had actually 
started. 

Effect of Phenylurethane on First and Second 
Synchronous Division : 6 X 10 “^ if Phenylurethane 
Added After Heat Treatment. — When phenylure- 
thane was added to the culture medium of syn- 
chronized cells at approximately fifteen minutes after 
the end of the final 34° heat treatment, two effects 
on the division index of the first sjmehronous divi- 
sion were noted. These were qualitatively but not 
quantitatively the same as those found when the 
phenylurethane was added prior to synchronization. 
The division index maximum for the drugged cells 
was lower and it was reached later. However, as 
shown by the data in Table I and Fig. 2, the effect of 
the phenylurethane added after synchronization ivas 
less marked than that produced by adding it prior 
to synchronization. Although the division index 
maximum was lowered in 9 out of 11 experiments, 
the effect was pronounced in only one experiment. 
In five experiments, the drugged cell maximum index 
Was between 80 and 90% of that of the controls; in 
three others it was more than 90% of the control 
value and, in two experiments, drugged cell division 
index maxima were slightly higher than the control 
values. The average drugged cell maximum divi- 


sion index was 88.4% of the control value. In these 
same experiments, the drugged cells reached maxi- 
mum division index, on the average, six minutes 
later than did the control cells. The delay, ob- 
served in 10 of the 11 experiments, is statistically 
significant {p = 0.05). 

When phenylurethane was added after heat treat- 
ment, it showed little ability to prevent cells from 
dividing during first synchronous division. Post- 
division population data are not available because 
the taking of samples was terminated in a number of 
these experiments before the drugged cell synchro- 
nous division was completely over. However, when 
data from individual experiments are plotted as in 
Fig. 2, it can be seen that exposure to phenylure- 
thane only during the lag period did not consistently 
decrease tlie number of cells present at the end of 
first synchronous division. This is in contrast to 
the decrease produced when the drug was added 
before heat treatment. 

In two experiments in which phenylurethane was 
added after heat treatment, data for a second syn- 
chronous division were obtained. Figure 2 includes 
these data for one experiment. The control ceils 
were no longer well phased. This was shown by the 
lower maximum division index (0.28), by the in- 
creased spread of the division index curve along the 
time axis, and by the lesser slope of the population 
density curve when compared to the similar features 
of the first synchronous division. The phenyl- 
urethane, which had been in contact with the cells 
since sliortly after the conclusion of the heat treat- 
ment (about three and one-half hours), exaggerated 
each of these changes. When compared with the 
controls, the maximum division index of the drugged 
cells was lower (0.18), the spread of the division in- 
dex curve along the time axis is further rvidened, and 
the slope of the population density curve is clearly 
lessened. In addition, the drugged ceil maximum 
index occurred twenty-one minutes later than did 
that of the controls; the delay was only five minutes 
during the first synchronous division. It is also 
evident that at the end of the second synchronous 
division the drugged cell population density rvas less 
than that of the controls. 

Thus, phenylurethane added after the synchroniz- 
ing heat treatment is completed exerts more pro- 
nounced effects upon the second synchronous divi- 
sion than upon the first. In fact, the effects upon 
second synchronous division are quantitatively quite 
similar to those which phenylurethane added before 
heat treatment has upon the subsequent first syn- 
chronous division. 

Synthesis of cellular material is a characteristic 
common both to the period of heat treatment and to 
the period between the first and the second sjm- 
chronous division. There appears to be relatively 
little synthesis of protein during the first lag period 
(9, 13); DNA may (14) or may not (9) be synthe- 
sized. Phenylurethane shows its greatest effect on 
synchronous divisions which follow contact of the 
drug with tetrahymena during a time of active 
growth. The drug does not prevent cel! fission 
once it has started. The evidence is, therefore, 
that the effects of phenjdurethane reported herein 
are a consequence of its overall inhibition of cellular 
synthesis which slows or prevents formation of a 
material essential to initiation of fission. 
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SUMJVIARY 

1 . A narcotic concentration of phenylurethane 
is shown to delay the onset of sj'nchronous 
division and to reduce the maximum diTusion 
index in cultures of Tctrahymcna pyriformis GL 
synchronized by temperature cycling. 

2. Phen 3 -lurethane effects are more pro- 
nounced when the drug is present during the 
temperature cycling than when the drug is 
added after the cycling. 

3. The delaj' in onset of division is attributed 
to a decreased rate of production of material 
necessarv for cell division Drug-induced ran- 
domization of the entrj' of cells into division is a 
reflection of the varied susceptibility^ of the 
cells. The lowered maximum division index 


results from failure of some of the more suscep- 
tible cells to divide. 
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The Development of a Liquid Antihistaminic 
Preparation With Sustained Release Properties* 


By HARRY A. SMITH t, ROBERT V. EVANSON, and GLEN J. SPERANDIO 


The relative capacity of several cation ex- 
change resins to adsorb methapyrilene has 
been determined by an in vitro method. It 
was demonstrated that methapyrilene ad- 
sorbed on sulfonic acid cation exchange resin 
possessed pharmacological activity approxi- 
mating that of a solution of methapyrilene 
hydrochloride as measured by the protection 
against histamine-induced asthma in the intact 
guinea pig. It is suggested that the use of ion 
exchange resins as carriers of drugs in liquid 
dosage forms may be useful in sustained 
release preparations. 


qpHE COMMERCIAL USES of ion exchange resins 
have steadily increased since the first syn- 
thetic ion exchange resin was prepared by Adams 
and Elolmes in 1935 (1), and the number of 
publications per year pertaining to ion exchange 
almost doubled from 1950 to 1955 (2). The use 
of ion exchange materials in medicine is as old as 
the medical profession itself (3), a good example 
being the use of kaolin and similar substances as 
enteric adsorbents of toxins. The use of syn- 
thetic ion exchange resins as medicinal agents has 
been reported in the medical literature (4—6). 

The literature (7-13) indicates that the princi- 


* Received April S. 1959. from the School of Pharmacy, 
Purdue University. Lafayette Ind, 

Abstracted from a dissertation submitted t^o the Oraduate 
School of Purdue University by Harry A. Smith m partial 
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Education. Present address: University of Kentucky, 

Collece of Pharmacy, Lexington _ 

Presented to the Section on Practical Pharmacj , ,A. Ptr, 
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pie of sustained release of a drug from its resin- 
adsorbate might well be applied to orally admin- 
istered suspensions of the drug. The chief 
objective of this project was to develop a liquid 
antihistaminic with sustained release properties. 

Although there are available long acting 
antihistamines, the availability of a sustained 
release antihistamine in a liquid formulation 
would be of value in cases ivhere solid medication 
cannot be taken. Aloreover, the demonstration 
of the feasibility of using cation exchange resins 
to obtain a controlled, sustained release of drugs 
in a liquid form was a major consideration. 

EXPERIMENTAL 

Capacity Studies. — Metliapyrilenc was chosen as 
the antihistamine for study and the following cation 
e.xcliange resins were screened for their capacit.v 
to adsorb methapyrilene using the batch technique: 
Dowex .50' resins with 4, 8, and 12% cross-linkage, 
each with .50-100, 100-200, and 200-400-me.sh 
ranges; and Ambcrlite IRC .50- resins witli a 
4-6% cross-linkage and 16-.50, 100-200-mesli ranges, 
and 90% passing througli a 200-mcsli sieve were 
used in this work. Cross-linkage refers to tlie 
internal porosity of the molecular resin strnclure 
and is determined by the amount of divinylbenzcne 
added during the styrcne-divinylbenzenc copoly- 
merization. All of the resins were used in the acid 


* Dowex 50 is the trade name of Dow Chemical Co. for 
their series of sulfonic acid cation exchange resins. 

* Amberlite IRC is the trade name ol Rohm am! Haas Co 
for their series of carboxylic acid cation exchange resins. 
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form. For a comparative stiuiy tiic resins were 
employed on a dry weight basis, since the various 
resins adsorb varying percentages of water. The 
inoistnrc content of each resin was determined with 
the Cenco tnoisturc balance just prior to each ca- 
pacity determination. 

The batch technique was employed to determine 
tlie relative capacity of the cation CNchange resins 
to adsorb mcthapjTilcne. One-gram samples of 
the resins were mixed with 50 ml. of a 0.111/ solution 
of methapyrilcnc hydrochloride and agitated until 
apparent equilibrium was reached. This was 
determined by analyzing tor the unadsorbed inetha- 
pyrilene spectrophotometrically, using the method 
of Martin and Harrisson (14). When there was no 
significant change in the amount of unadsorbed 
methapjTilene, apparent equilibrium was assumed 
to be established. The amount of methapyrilcne 
adsorbed was calculated as the difference between 
the amount of methapjTilene hj'drochloride in the 
original solutions and the amount of unadsorbed 
methapjTilene hj’drochloride. 

Preliminaiy experiments were conducted to 
determine the effect of the concentration of metha- 
pyrilene hj'drochloride on the amount of metha- 
pjTilene adsorbed by a sulfonic acid cation ex- 
cliange resin witli a 4% cross-linkage and a 50- 
100-mesh range. The results are shown in Fig. 1. 
A study of these data led to the selection of a 
0,111/ solution of methapjTilene hydrochloride for 
further capacity studies since that was the lowest 
concentration to permit differentiation among the 
several resins for their capacity to adsorb metha- 
pyrilene. 

A comparative study was made of the capacity 
of several sulfonic acid cation exchange resins with 
various degrees of cross-linkage and particle sizes 
to adsorb methapyrilcne from 50 ml. of a 0.1 11/ 
solution. The data are shown in Table I. 



Fig. 1. — ^The effect of concentration on the 
amount of methapyrilcne adsorbed from solution by 
Dowex 50, 4% cross-linkage 50-100 mesh. 


Table I. — The Effect ok Cross-Linkage and 
. Particle Size on the Adsorption of Methapyri- 
LENE BY Sulfonic Acid Resins 


Mesh RanKC 

meq. of Drug Adsorbed/Gtn. of 
Resin at Apparent Equilibriuro 

4 % 8 % 

Cross- Cross- Cross- 

of Resm 

Linkage® 

Linkage* 

Linkage* 

50-100 

2.71 

2.66 

2.30 

100-200 

2.64 

2.55 

2.31 

200-400 

2.71 

2.65 

2.08 


“ Values are the average of three samples. 


The results show that adsorption of methapyrilcne 
decreases with an increase in the degree of cross- 
linkage of the resins. Also particle size has no 
apparent effect on the amount of adsorption of the 
drug at apparent equilibrium. However, it was 
observed that with the 12% cross-linkage, the rate 
of adsorption was greater with the smaller particle 
sizes. 

Similar experiments were conducted with the 
carboxylic acid cation exchange resins, except that 
the adsorption process was permitted to proceed 
for only three hours for a comparative study. The 
quantities of methapyrilcne adsorbed, expressed 
in milliequivalents per gram of drj' resin, were 
1.37 for the 16-50 mesh, 1.37 for the 100-200 mesh 
and 1.65 for the 200-400 mesh. 

It was found that the sulfonic acid resins exhib- 
ited a greater relative capacity for adsorbing 
methapjTilene than the carboxylic acid resins 
under the conditions of these experiments. How- 
ever, all of the resins adsorbed a sufficient quantity 
of methapyrilcne per gram of drj’^ resin to permit 
their use as medicinal carriers. 

Rate of Release Studies. — Experiments were con- 
ducted to determine the rate of release of metha- 
pyrilene from cation exchange resins under uniform 
conditions approximating those of the upper gastro- 
intestinal tract. The rate of release of the drug from 
the resin-adsorbate was determined by measuring 
the amount of methapyrilene released into 100 ml. 
of O.liV hydrochloric acid at different time intervals. 
A sample of the resin-adsorbate equivalent to 100 
mg, of methapyrilene hydrochloride was used. 
It was mixed with the acid in a sintered-glass- 
bottomed funnel with a capacitj'' of approximately 
190 ml. and the resin-adsorbate was kept well sus- 
pended by an electric stirrer, with its rotational 
speed controlled by a variac. At the end of fifteen 
minutes, the exchange medium was filtered with 
the aid of a water aspirator, and the filtrate was 
analj'zcd spectrophotometrically for the amount of 
methapyrilene which had been released into it. 
Fresh exchange solution was added to the resin 
adsorbate and the process was repeated for the 
desired number of exchange periods. 

Experiments with a carboxylic acid resin-adsorb- 
ate indicated that this adsorbate had a verj"^ rapid 
rate of release of methapjTilene into 0.1 iV hydro- 
chloric acid and is largely converted to the hydrogen 
form of the resin within fifteen minutes. Since a 
slower and more prolonged release of the drug was 
desired, the sulfonic acid type resins appear to be 
the carriers of choice for methapjTilene. 

A series of experiments was conducted to deter- 
mine the effect of particle size and degree of cross- 
linkage on the rate of release of methapyrilene into 
0.1 N hydrochloric acid from adsorbates prepared 
from sulfonic acid cation exchange resins. The 
method described previouslj' was used except that 
after four hours (16 fifteen-minute exchange 
periods), the time intervals were extended to one 
hour periods, and the process was continued for a 
total of twelve hours. The longer periods ivere 
necessary after it was found that bej'ond four 
hours the amount of methapyrilene released in a 
fifteen-minute period was less than 1%. The data 
from these experiments are presented in Figs. 
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Fig 2 — The effect of cross linkage on the rate 
of release of methap\ rilene from Doi\e\ 50, 50-100 
mesh into 0 1 HCl 



Fig 3 — The effect of cross linkage on the rate 
of release of methapt rilene from Do\\e\ 50, 100-200 
mesh into 0 1 A''HC1 



Pig 4 — The effect of cross linkage on the rate of 
release of methapirilene from Doiiex 50, 200-400 
mesh into 0 1 iV HCl 


Examination of these data shoiis that the rate 
of release of the drug was in\ersel> related to the 
degree of cross linkage of the resins Also, it 
rex-eals that there was a greater difference in the 
rate of release between 12 and 8 *^ cross linked 
resins than between 8 and 49r cross linked resins 
This indicates a critical resin porositx between 8 
and 12 % cross linkage, aboxe which the rate of 
exchange is greatlj' reduced Also, it appears that, 
with a decrease in particle size, the effect of cross 
linkage becomes relatix eh less 

The effect of particle size on the rate of release 
was less exident with resins of cross linkage below 


8 % Howexer, with the 8 and 12% cross linked 
resins, it was apparent that the rate of relctsc 
was mx’-erseh related to the particle size 

Consideration of the rate of release, the extent of 
release oxer a twelxe hour period, the palatabiliti 
and suspendabihtx of the x’arious resins led to the 
selection of a resin xxith 4% cross linkage and a 
200-400 mesh range for formulation and in ino 
studies 

Formulation Studies. — Sex eral nomonic suspend 
ing agents were used individualh'andm combinations 
in an attempt to formulate a stable and palatable 
suspension of the selected resin adsorbate These 
experiments resulted m the following formula 

Resin adsorbate q s 

Vanillin, 5% in alcohol 1% 

Span 85^ 0 2% 

Methx Icellulose 1,500 c p s 1 % solution 
Simple S} rup aa q s 100% 

This formulation resulted in an excellent product 
with no noticeable sedimentation after standing 
for tliirtj dajs The product was palatable except 
for a slight gnttiness, which is inherent in the resin 
particles Span 85 xxas included in this product to 
minimize foaming which occurred when it ms 
agitated 

In Vwo Studies — The tn vivo studies involx cd a 
comparison of the protection against histamine 
induced asthma in the intact guinea pig provided bj 
a solution of methapj rilene hj drochloride and a 
suspension of the resin-adsorbatc administered 
orallj The method emplojed was a modification 
of the one used bv Lee, et al (15) It is based on 
the principle that inhalation of a histamine aerosol 
b 3 guinea pigs induces bronchial asthma, which 
can be lessened m severity bj an antihistaminic 
agent 

Guinea pigs weighing from 500-800 Gm were 
used They xxere fasted for txxelxe hours prior to 
each experiment The histamine aerosol was pro 
duced by nebulizing xxith a Dc Vilbiss No 40 at 
omizcr a 1 80 solution of histainme diphosphate 
with seventj mm of Hg air pressure The time 
required for each untreated animal to ex ince prom 
ment asthmatic S 3 mptoms, as manifested 63 
laborious breathing and a prominent gasp, was 
recorded as the control time in seconds with an 
electric timer Control tests xxere conducted xxith 
each animal before each experiment, and aniiinls 
xxith a control time much greater than txxo minutes 
xxere not used The animals xxere permitted to 
rest one hour after the control tests, then were 
dosed xxith the desired compound b 3 stomach intuba- 
tion 

The indixidual animals xxere tested hoiirlx, xxith 
onlx txxo exceptions, b 3 exposing them to the hista 
mine aerosol The exceptions occurred during 
one experiment xxith animals number 3 and 0 
xxhich xxere tested at one half hour mtcrxals after ' 
eight hours The criterion for measurable protec- 
tion xxas arbitrarilx selected as an exposure of ^ 
twice the control time before the appearance of 
prominent asthmatic s 3 mptoms This criterion 
corresponds to the one used 1)3 Femberg, cl at 
(10) This method allowed a direct comparison 


* Span 8a )x a trade name of tlic Atlas Poxedcr Co for tlieir 
brand of sorbttan tnoleate 
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of the protection providcci by orally aclnnnistercd 
methapyrilcnc aiul the resin-adsorbed lucthapyri- 
lene. 

Four experiments were conducted with six guinea 
pigs. Three animals were given the resin-adsorbate 
and tlirec were given a solution of methapyrilene 
hydrochloride. The animals were crossed over at 
two-day intervals so that all animals received both 
the resin adsorbate and the methapyrilene twice. 

Table II shows the results of these experiments. 


Table II. — Protection Against Histamine Aero- 
sol Dyspnea in Guinea Pigs by Methapyrilene 
AND Resin-Adsorbed Methapyrilene 


Methapyrilene 

Resin- Adsorbed 

/ -Controls- 


/ — Methapyrilene— 

Animal 


Animal 


No. 

Hours 

No. 

Hours 

2 

5 

1 

4 

4 

G 

3 

G 

6 

7 

9 

0 

1 

5 

2 

8 

3 

s 

4 

4 

9 

4 

0 

5 

2 

0 

1 


4 

3 

3 

9.5 

6 

5 

9 

8,6 

1 


2 

S 

3 

C 

4 

7 

9 

7 

6 

6 

Average 

5.5 


6.6 


The animals dosed with tlie resin-adsorbed drug 
had an average duration of protection of six and 
one-halt hours, whereas the control animals had a 
duration of protection of five and one-half hours. 
The difference, however, was not significant as 
indicated by the Fisher "t” test (tai = 1.46; 0.2 > 
P > 0.1). The value of 1.46 for "t" indicated a 
probability level less than 0.2, but greater than 
0.1. Although the results seemed to indicate a 
longer duration of protection with the resin-ad- 
sorbed drug, the difference was not statistically 
significant in light of the large variation in the ani- 
mal responses. The experiments demonstrated 
only that the resin-adsorbed drug possessed phar- 
macological activity at least equal, if not superior, 
to the solution of methapyrilene hydrochloride. 

DISCUSSION 

The in vitro studies indicated that while the 
initial release of methapyrilene from its resin- 
adsorbate is relatively rapid, the rate decreases 
with time. The in vivo studies indicated that this 
initial release of drug is sufficiently rapid to provide 
a therapeutic effect in the guinea pig within thirty 
minutes or less. 

Also, the in vitro experiments showed that without 
the addition of fresh exchange medium, the ex- 
change process soon reached apparent equilibrium. 
When this condition is obtained in a biological 
system, it is to be expected that the rate of release 
of the drug will depend essentially on its rate of 
absorption through the intestinal villi. After a 
certain point in the process, the rate of absorption 
through the intestinal villi probably will exceed 
the rate of release of the drug from its adsorbate, 
at which time the blood level of the drug may begin 
to fall. 


Since only a portion of the drug is released during 
the early stage of the process, the blood level should 
not exceed that necessary for therapeutic effects 
by such a great margin as that which occurs when 
all of a drug is immediately available for absorption. 
Thus, undesirable side effects may be diminished or 
eliminated. Another advantage of the use of ion 
exchange resins for medicinal carriers is the elim- 
ination of the variations in the blood levels of 
drugs which often occur with repeated doses of 
conventional dosage forms. This statement is 
based on tiie fact that the rate of release of the 
drug from its resin-adsorbate is continuous over a 
long period of time and decreases uniformly. 

Further work is indicated to prove conclusively 
the above hypothesis. The use of a drug tagged with 
a radioactive isotope seems suited for such work 
because this technique permits the direct measure- 
ment of the drug in the body fluids and tissues. 


SUMMARY 

1. The relative capacity of several cation 
exchange resins to adsorb methapyrilene was 
determined. 

2. The rate of release of methapyrilene from 
its resin-adsorbates was studied in vitro. The 
carboxylic acid resin-adsorbate exhibited a very 
high exchange rate in an acid medium (0.1 iFHCl). 
The sulfonic acid cation exchange resins are 
applicable for a controlled, sustained release of 
ionic drugs, and the rate of release may be con- 
trolled by the proper selection of the cross- 
linkage and particle size of the resin. 

3. A stable suspension of a selected resin- 
adsorbate was formulated without materially 
affecting the rate of release of methap 3 irilene. 

4. Methapyrilene adsorbed on a sulfonic add 
cation exchange resin possessed pharmacological 
activity at least equal, if not superior, to a solu- 
tion of methapyrilene hydrochloride, as measured 
by the protection against histamine-induced 
asthma in the intact guinea pig. 
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The Influence of Some Suspending Agents on the 
Release of a Soluble Medicament from Solution* 

By G. D. REDMAN, J. E. CHRISTIAN, and GLEN J. SPERANDIO 


A method for comparing the influence of 
suspending media on the dialysis of a soluble 
compound is described. Different suspend- 
ing agents affected the rate at which the iodide 
ion dialy 2 es from solution, indicating that the 
nature of the agent is a variable which in- 
fluences the release of the compound. It is 
demonstrated that the use of selected sus- 
pending agents makes possible the modifica- 
tion of release rates of certain soluble drugs 
from solution. 

Tfi RECENT YEARS a number of new approaches 
to the preparation of dosage forms for oral 
administration have been made which are in- 
tended to produce a sustained level of drug action. 
Most of the work thus far has been in the de- 
velopment of tableted or encapsulated medicinal 
substances, although liquid preparations intended 
for oral administration which would have the 
ability to release incorporated active ingredients 
over an extended period of time may find appli- 
cation in the areas of geriatric, pediatric, and 
psychiatric medicine. Therefore, this project 
was initiated in an attempt to find a way to pre- 
pare liquid medication with sustained release 
properties. It was thought that one possible way 
of influencing drug release from solutions might 
be to add certain substances which might delay 
the process of dial 3 'sis; and some commonl}’ used 
suspending agents were chosen for initial investi- 
gation. 

A number of workers have utilized radio- 
isotopes to stud 3 ’’ the release of substances from 
pharmaceutical preparations. Johnston, el al. 
(1), studied the absorption of Na-''C1 from the 
ointments b 3 ' the intact skin of rats. Cyr, 
el al. (2), measured the absorption of Nal”‘ 
which had been incorporated into ointment bases 
through the skin of rats. Lux, el al. (3), studied 
the iodide ion permeabilit 3 ' of living frog mem- 
branes using sodjum radioiodide. 

An in vitro procedure for the determination of 
the release of anions and cations from emulsified 
ointment bases was reported b 3 ' Stark, el al. (4). 
Trace quantities of Nal”‘ and of Hg=^^(N 03)3 
were incorporated independently into emulsified 
ointment bases and the dial 3 'sis of the ions in a 
diah-sis apparatus especially adapted for the 
detection of radioactivit 3 ' present in the dial 3 'sate 
was used. 

* Received .April 8. 1959. from Purdue University. School 

of pharmacy. Lafayette# Ind. . a r'lf.r-inn'itt 

Presented to the Scientific Section, A. Ph. A., Cincinnati 
meeting, August. 1959, 


Other workers have emplo 3 'ed dial 3 "sis pro- 
cedures to study the dispersion of a wide variety 
of substances (5-10). 

This investigation utilized iodine'^Mabeled 
iodide ion to study the effect of different sus- 
pending agents on the dial 3 '-sis of the iodide ion 
through a semipermeable membrane.' The 
effect of different concentrations of two selected 
suspending agents on dial 3 ’^sis was also deter- 
mined. 

EXPERIMENTAL 

The composition and suppliers of the individiwl 
suspending agents which were chosen for study ar 
shown in Table I. 


Table I. — Composition and Source of Selectei 
Suspending Agents 


Suspending 

Agent 

Composition 

Supplier 

Attagel 20 

Activated atta- 

Minerals & Cliciii 


pulgite clay' 

ical Corp. n 

Cato 8 

Cationic corn 

America, Menit 
Park, N. J. 
National Sttirch 


starch deriva- 

Products Inc., 


tive 

Plainfield, N. J 

Jaguar 

Galactomannan 

Stein Hall & Co., 

gum 

from endosperm 

Inc., New York, 


of guar seed 

N. Y. 

Locust 

Galactomannan 

Stein Hall & Co., 

bean 

from endosperm 

Inc., New York, 

gum 

of locust bean 

N. Y. 

Methocel 

seed 

Metliylcellulose 

Dow Chemical 

400 

U. S. P., a 

Co., Midland, 


methyl ether of 

Mich. 

Pectin 

cellulose 

Complex hj’dro- 

S. B. Penick & 

X. F. 

philic colloidal 

Co., New York, 


carbohydrate, 

N. Y. 

Raraalin 

chiefly partially 
methoxylated 
polygalac- 
turonic acids 
Amvlopectin 

Stein Hall & Co., 

G 


Inc., New York, 

Superlose 

Amvlose 

N. Y. 

Stein Hall & Co., 

Traga- 

Complex hvdro- 

Inc., X'ew York, 
N. Y. 

S. B. Penick & 

canth 

philic carhohy- 

Co., Xeu' York, 

U. vS. P. 

drate composed 

N. Y. 


of glucuronic 
acid, arabinosc, 
and metliox}'- 
lated acids 


t'eegurn 

Magnesium alu- 

R. T, t'^andcrhilt 

minuin silicate 

Co., New York, 
N. Y. 



* Type SS seamless, regenerated cellulose dialysis tuhing, 
as-crage pore radius 21 A. Visking Corp., Chicago, 111, 
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One per cent dispersions of each suspending agent 
were prepared in 200-inl. quantities. Two grams of 
the agent were dispersed in approximately 100 ml, 
of U. S, P. phosphate buffer solution (pH 7.0) 
to form a slurry. To the slurry 4 ml. of a 0.5% 
solution of potassium iodide U. S. P. and 0.2 Gm. of 
methylparabcn U. S. P. were added, and the volume 
was brought to 200 ml. with additional buffer solu- 
tion. The slurry was quantitatively transferred to 
a Liquidizer- and mixed at low speed. A 600-X 
quantity of solution containing approximately 
4 fic. of iodine*’* was added to a 35-ml. aliquot of 
the suspending media. The added activity im- 
parted approximately 3,000 counts per minute 
per 5 ml. of the sample as determined by the count- 
ing procedure described below. 

A dialysis apparatus described by Stark (4) 
was modified for use in this study. A glass cyl- 
inder used as the sample holder was firmly secured 
to the remainder of the dialysis apparatus by stretch- 
ing rubber bands between glass projections fused 
to the apparatus, A rubber washer, cut from ’A 
inch stock, was placed around the base of the sample 
holder and positioned flush with its ground-glass 
surface to prevent the glass from cutting the mem- 
brane. A thin film of silicone lubricant was evenly 
spread on the ground-glass surface of the sample 
holder to reduce the possibility of sample leakage. 

The membrane was attached to the dialysis ap- 
paratus by the procedure described by Stark (4) 
and normal saline solution was used as the dialy- 
sate. The apparatus was placed in a constant 
temperature bath to maintain the temperature of 
the dialj'sate at 37° ± 1°. 

Five-milliliter samples, accurately measured and 
checked by weighing, of the suspending media 
prepared for test were placed in the sample holder 
of the dialysis apparatus. The dialysate was cir- 
culated through a closed system past the surface 
of the semipermeable membrane and around a 
counting tube to detect the migrating ions, A 
gamma-sensitive bismuth cathode counting tube 
was used in conjunction with a Model 1620 analytical 
count rate meter.’ The per cent probable error 
of a single reading after equilibrium was reached, 
based on a fifty-second time constant and an ex- 
pected count, was 0.85. An Estcrline-Angus Model 
MV milliammeter graphic recorder’ was used to 
provide a continuous recording of the dialysis of 
the iodide ion. 

Prior to each determination a 5-ml. quantity of 
the radiolabeled suspending media, accurately 
determined and equal to that used in the release 
studies, was placed in the lumen of the counting 
chamber and dispersed in the dialysate. The activ- 
ity of this sample corrected for background rep- 
resented 100% activity of the sample and was 
used as the standard to express tire percentage 
release of the iodide ion. 

RESULTS 

The influence of equal concentrations of suspend- 
ing agents on the dialysis of the iodide ion is shown 
>n Fig. 1. Each curve represents the average of 


» ^**^PP Monarch Co., St. Louis, Mo. 

. Corp., Chicago, lU. 

^sterline-Angus Co,, Inc., Indianapolis, Ind. 



Fig. 1. — The influence of 1% concentrations 
of various suspending agents on the dialysis of the 
iodide ion. 


five determinations of the dialysis of the iodide 
ion. For control purposes the dialysis of the iodide 
ion exclusive of the influence of the suspending 
agent was determined. The data show that the 
release of the iodide ion is not linear with respect 
to time. All of the release patterns are asj'mptotic 
in character and approach the asymptote at approxi- 
mately 80% release of the available iodide ion. 

If the period of time required to reach a given 
level of iodide dialysis from a suspending medium 
exceeded by 10% that which was required for the 
dialysis of an equal percentage of iodide ion from 
the control solution, the suspending agent was 
considered to have a significant influence on the 
release of the iodide ion from solution. 

A test for homogeneity of variances among the 
means of the variable, time, was made at the 25% 
and also at the 75% release levels, and included 
all of the media and the control (11). In both 
instances it was established that the variances are 
heterogeneous. Therefore, the hypothesis that the 
interval of time required to obtain a given percent- 
age of release of the iodide ion from the control 
solution and from a suspending medium are equal 
was tested using a t test (variances not equal) (12). 
The use of the t test was restricted to instances in 
which there was a reasonable doubt that a signifi- 
cant difference between the control and the media 
existed. 

Only one of the media gave evidence of a capac- 
ity to increase the rate of passage of the iodide 
ion across the membrane. This agent, Cato 8, 
ivas shown by the application of a two-tailed t 
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test at an alpha level of 0 05 to effect a significant 
increa-'C m the speed of the dialvsis over that of the 
control The reduction m the time required to 
release a specific amount of iodide ion n as not signif- 
icanth different from that of the control until 
509c of the available iodide ion had dialyzed from 
the sample The control time «as approximately 
three minutes longer than that required to obtain 
the release of 80% of the available iodide ion from 
the media containing Cato 8 

The plot of the dialysis of the iodide ion from a 
1% dispersion of Ramalm G shown in Fig 1 indi- 
cates that tlie diaUsis was retarded The / test 
was used to test the means at the 25, 50, 75, and 
80% release levels to determine if a significant 
difference exists between the means A significant 
difference was found to exist at all levels tested 
To obtain the dialysis of 80% of the iodide ion 
from the sample took about thirtj five minutes, 
for an equal dial\ sis from the control solution it 
took approximately thirt\ -three minutes 

All of the other mcdi.i tested also retarded the 
dialysis of the iodide ion Jaguar gum and traga- 
canth produced the greatest delay m the release 
followed bv Veegum and Attagel 20, locust bean 
gum, Supcrlose, pectin X' F , Methocel 400, and 
Ramalm G m the order named 

The effect of concentration of the suspending 
agent on the dialysis rate of the iodide ion was also 
investigated In Fig 2 are shown the relative 
influences of 0, 0 5, 1 0, and 1 5% concentrations 
of Methocel 400 and Jaguar gum on the dialy’sis of 
the iodide ion The data show that at the con- 
centrations tested the agents retard the dialysis of 
the iodide ion, but that the dialvsis rate is not pro- 



of the iodidejon 


portional to the concentration of the agent m the 
media Media containing 0 5 and 1 0% Methocel 
400 released 80% of the contained iodide ion m 
approximately 2,850 seconds (forty-eight minutes), 
and that a 1 5% concentration of the agent took 
seven minutes longer The control time was 1,97" 
seconds (thirtv-three minutes) 

Media containing 0 5% Jaguar gum released 
80% of the available iodide ion in approximatch 
3,310 seconds (fifty^-five minutes) The modn 
containing 1 0 and 1 5% Jaguar gum showed no 
significant differences and released 80% of the 
iodide ion m 8,486 seconds (one hundred and forti 
minutes) 


CONCLUSIONS 

1 The procedure used in this investigation 
has proved to be a satisfactory! method for com- 
paring the influence of suspending media on the 
dialysis of a soluble compound. 

2 Different suspending agents were sliowm 
to affect the rate at which the iodide ion dialy'zes 
from solution The release rates indicate that 
the nature of the agent is a variable affeeting the 
release of the compound 

3 Equal concentrations of the suspending 
agents tested affeet the dialy'sis of the iodide ion 
in the following manner; Cato 8 increased the 
rate over that of the control; all others retarded 
the dialy’sis of the iodide ion Jaguar gum and 
tragacanth produced the greatest delay followed 
by Veegum and Attagel 20; locust bean gum, 
Superlose, pectin N F , Methocel 400, and 
Ramalm G, in the order named Attagel 20 and 
Veegum affected iodide ion release to the same 
degree Tragacanth U S P and Jaguar gum 
also showed similar effects 

4 An increase in concentration of Methocel 
400 and Jaguar gum does not alter the dialy'sis 
rate in proportion to the change in concentration 

5 The use of selected suspending agents 
enables the modification of release rates of certain 
soluble drugs from solution 
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Effect of Hydration on Hydrocholeresis in Rats'" 


By SISTER DANIEL JOSEPH, S. T. COKER, and L. L. EISENBRANDT 


Hydration produces a significant increase in 
normal bile flow and a significant decrease in 
specific gravity. The hydrocholeretic re- 
sponse to sodium dehydrocholate is signifi- 
cantly greater in hydrated rats than in non- 
hydrated controls. Restimulation of non- 
hydrated animals does not increase bile flow 
above the peak of initial stimulation. Hydra- 
tion does not appear to alter the mechanism 
of action of sodium dehydrocholate, since 
the onset and duration of action is the same in 
both control and hydrated animals. Only a 
potentiation of hydrocholeresis is evident. 

A/Teciunisms involved in bile formation have 
been studied by many investigators. 
Tanturi and Iv}' (1) studied the effect of vascular 
changes in bile formation. Berman, ct al. 
(2), noted that unconjugated, oxidized bile 
acids exert a greater osmotic effect, which results 
in e-xcretion of a more hydrous bile than the 
conjugated acids. Cook, ct al. (3), noted that 
dehydrocholic acid increased the excretory rate 
and biliary clearance of water, sodium, and 
chloride. They concluded that the mechanism 
of action of hydrocholeretic agents primarily 
involves stimulation of a filtration mechanism. 


was determined by weighing in a tared syringe. 
Tests for significance were made using the Student 
t test and analysis of variance. 

RESULTS AND DISCUSSION 

A thirty-minute period of control or normal bile 
flow was determined in each of 25 animals prior to 
stimulation with sodium dehydrocholate. Group I 
consisted of 10 animals. After the control period 
(A-B, Fig. 1), they were subdivided into two groups; 
six which were stimulated only (B-D, Fig. 1) and 
four which were hydrated (F-G) and then stim- 
ulated ( G-H ). Group 1 1 consisted of 10 animals and 
differed from group I in that each animal was stim- 
ulated, allowed to return to normal, then hy^drated 
for one hour and rcstimulated to obtain the hydrated- 
stimulated flow (A-H, Fig. 1). To determine 
whether the increase in hydrocholeresis after hydra- 
tion and restimulation might be due to residual so- 
dium dehj'drocholate, a second dose of sodium dehy- 
drocholate was administered to 5 nonhydrated ani- 
mals in group III as soon as the original bile flow re- 
turned to normal (D-E, Fig. 1). No significant in- 
crease in bile flow was noted in these nonhydrated, 
restimulated animals. Summarized data on the 
effect of hydration on bile flow and specific gravity 
are in Table I. 


These observations as well as work in our labo- 
ratory led to the study of the effect of hydration 
on the hydrocholeretic response in rats. 

EXPERIMENTAL 

Twenty-five Sprague-Dawiey albino rats weighing 
between 235-345 Gm. and maintained under stand- 
ard laboratory conditions were divided into three 
groups. Anesthesia was initiated wth ether and 
then replaced by thiopental sodium. The bile duct 
and trachea were cannulated. For the hydrated 
animals 0.1% thiopental sodium was dissolved in i. 
V. infusion fluid, and for nonhydrated animals 1% 
aqueous solution was given i. v. as needed. Hydra- 
tion was effected by constant i. v. infusion of 2% of 
body weight with 0.9% sodium chloride over a 
period of one hour (4, 5). The infusion apparatus 
consisted of a Phipps and Bird syringe driver adapter 
with an electric kymograph. A 30-cc. syringe 
was used and the kymograph was operated at first 
speed ; 0.079 ec. of fluid was administered per minute 
Hydrocholeresis was produced by i. v. administra- 
tion of 200 mg./Kg. of sodium dehydrocholate. 
‘Since it was obse ' 
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MINUTES 

Fig, 1. — Mean Hj'drocholeresis in 25 hydrated 

( ) and nonhydrated (A — A) rats. Flow areas 

A-B, normal; B-C, nonhydrated stimulated; C-D 
return to normal; D-E, nonhydrated restimulated; 
D-F, hydration priming; F-G hydrated; G-H, 
hydrated restimulated. 

In every case there was a significant increase in 
bile flow and a decrease in specific gravity after one 
' "C hydration. Also, hydrocholeresis after 


Godium dehydroch ' " ^ i was significantly greater than in non- 

l^minute period, all ■ ' animals. The onset and duration of the 

ut five minute ir / ' ' ' • ' ' / ''X v deretic response was the same after hydra- 

each treatment. Bile flow fe^e^orted in mg. wet ->^tfbl^'^icating that the effect produced by hydra- 
weight/five-minute interval.\^Sgei|fic fiqM^^uantitative and not qualitative, with no 
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Table I — Effect of Hydration on Hydrocholeresis in Rats 


A ol *19, Xo 2 



Mean Bile Flow* 
mg /30 mm 

Group V’ (10 rats) 

Normal 

48 

9 

± 

4 8' 

Hydrated (4 rats) 

80 

5 

± 

6 8 

Stimulated (6 rats) 

139 

0 

± 

12 5 

Hydrated-stimulatcd 

208 

1 

± 

11 8 

Group 11 (10 rats) 

Normal 

49 

4 

± 

2 6 

Stimulated 

145 

2 

± 

15 6 

Hydrated 

80 

2 


4 6 

Hydrated-stimulatcd 

212 

9 

± 

21 0 

Group III (5 rats) 

Normal 

46 

7 

± 

3 1 

Stimulated 

145 

2 

± 

9 8 

Nonhydrated-restimulation 

146 

5 

± 

11 4 


Increase 

from Mean 

P° Normal, Specific 

\alnc % Gravity 


P 

Value 


Decrease 

from 

Normal 

f 


<0 01 
<0 01 


65 

166 

326 


1 129 
1 118 
1 087 
1 067 


<0 001 
<0 001 


U1 

37 

5:> 


<0 001 
<0 05 


218 

1 129 

1 082 

<0 001 

42 

62 

1 106 

<0 001 

20 

331 

1 065 

.57 


Xot sig 


1 126 
211 1 095 

215 1 087 


00 

Not sig 2 '^ 


« Determined by analysis oi \ ariance t test used for specific (travity 

!• Group I, 10 rats, siibdnided after normal period into lour for hydration and hydrated stimulation, 0 for stimulation onli 
r Standard error of mean 


acids from licpatic cells into bile capillaries In the 
case of hydrated animals, a potentiation of hydro- 
choleresis could result from increased availability of 
water which readily passes into the bile capillaries 
in the presence of the osmotically-active sodium de- 
hydrocholate Brauer (7) feels that the mechanism 
of bile formation involves not only the active trans- 
port of bile acids, but also water, sodium, potas- 
sium, chloride, and glucose from blood to bile 
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A Gum from Rain Lily, Cooperia peduiiculata* 

By WALLACE L. GUESS f, NATHAN A. HALL, and L. WAIT RISING 

A heretofore undescribed plant principle was extracted from the bulbs of Cooperia 
pedunaelata; the principle was purified and characterized as a new gum with several 
physical properties similar to those of other pharmaceutical gums. A preliminary 
chemical investigation of the gum from C. ped/iuailata (commonly known as rain 
lily) revealed that the gum gave reactions common to many of the known gums. It 
was also found that the gum was a polysaccharide and the principal sugar was identi- 
fied as mannose by chromatographic procedures and the melting point of its phenyl- 
hydrazone. The infrared spectrum of a dried film of the gum was grossly similar 
to the spectra of most other gums commonly used in pharmacy, yet specific enough 
that a rapid identification of the gum would be possible. Rain lily gum exhibited 
rheological properties usually associated with natural hydrophilic colloids. The 
effect of aging, temperature, and pH on the viscosity of rain lily gum was also 

investigated. 


G UJis are of major importance as pharmaceuti- 
cal agents and they enjoy a large number of 
applications in other fields as well. For some 
gums, the United States is wholly dependent upon 


* Received August 21, rioO, from the Univer*iity of Wash- 
ington, College of Pharmacy. Seattle . , 

Abstracted in part from a thesis presented (o the ^aduate 
School. University of Washington by Wallace L 
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tor of Philosophy. , i 

+ Fellow of the American Foundation for Pharmaceutical 
Education Present address College of Pharmacy, Uni- 

' 'prMcntrf'to^thc Scientific Section, A. Pli .A , Cincinnati 
Meeting. .August 1939 


foreign sources; the annual importation of acacia 
and tragacanlh has been reported as ten to four- 
teen million pounds (1, 2). The bulb of the rain 
lih’, Cooperia peduiiciilala, tvhich is native to the 
state of Texas, contains a highly viscous mucilag- 
inous principle of potential phannaceutical use-, 
fulness. The work reported here consists of tlic 
isolation and partial purification of this mudlag- 
inous material, a potential domestic source of 
gum, and a preliminary investigation of il' 
chemical nature. 
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EXPrillMENTAL 

Since the growing sctsou of the ram hh plant is 
short and uncertain, large quantities of the bulbs 
were dug 111 the cirU Spring during the flowering 
and seed stages and stored in a freezing cabinet at 
— 10° The freshly dug bulbs were washed and the 
tops broken off, Icaanig a stem about 5-G cm long 
ittached to the bulb These bulbs were scaled in 
luge plastic bigs, frozen, and kept frozen until 
rcadi to bo used Little or no obi loiis dccomposi 
tioii of the bulbs occurred within a one jear storage 
period 111 the cold, lioweicr, it was found that if 
the bulbs were left at room temperature or rapidh 
dried in warm air, there was decomposition and a 
considerable loss of gum 

Isolation and Partial Purification of the Gum. — 
The outer coat was peeled from the frozen bulbs and 
100 Gm to 150 Gin portions were chopped m a 
Waring Blender with 500 nil of purified water until 
homogeneous Each portion was then diluted to 
approximately 750 ml with water and placed in a 
stoppered Erlcnmejer flask The flasks were 
placed in a refrigerator and allowed to stand for two 
dais with occasional shaking The liquid extract 
was remoied from the pulp material by straining 
through gauze The residue from each flask was 
again extracted by maceration with fresh water for 
two dajs and strained The combined aqueous 
e.xtracts were strained through muslin to remove the 
small amount of pulp which had passed through the 
gauze 

Microscopic examination of the aqueous extract 
showed the presence of starch granules and cristate 
of calcium oxalate To remove the starch and most 
of the calcium oxalate, four 200 ml centrifuge tubes 
were filled with the extract and centrifuged in an 
International centrifuge. Size 2, model V, at 2500 
r p m for fifteen minutes This procedure was 
found to remove all of the starch granules (as de 
termmed bv the iodine test) and most of the calcium 
oxalate, the remainder of which was removed during 
further purification 

The starch-free crude aqueous extract was poured 
into large, glass, flat bottomed evaporating dishes 
(10 X 6 X 2 inches), frozen, and dried for approxi- 
mately thirty hours in a Stokes freeze drying ap 
paratus (model 2004LX3) The supporting trays 
for the dishes of frozen material were left at room 
temperature, while the lower, condensing trays were 
cooled by a refrigeration unit to —30° to —40°, 
and the pressure inside the chamber was reduced to 
approximately 1 mm After about twelve hours 
the trajs supporting the dishes of material were 
heated to 40° bj circulating ii arm water and main- 
tained at this temperature until the material com- 
pletely dried As the water evaporated from the 
dishes, the pressure inside the chamber dropped to a 
constant level of about 0 5 mm The total time 
required for drying the extracts was about tliirty 
hours The product remaining m the dishes was 
a whitish buff colored, light, flaky material that 
could be easily reduced to a fine powder by tritura 
tion The average y'leld of dried, crude rain hly 
gum ii as about 10% of the total weight of the fresh 
frozen bulb ii eight 

Since the crude material was known to contain 
some calcium oxalate and possibli some soluble 
organic material, 20-Gm portions of dried crude 


m.iteri’il were resuspended m 200 ml of hot water, 
and this suspension w as poured in a fine stream into 
one liter of warm 95% alcohol, w ith vigorous stirring 
A white, ropy precipitate of mucilaginous material 
lias collected, resuspended m hot water, and re- 
precipitated in warm alcohol The precipitate was 
then washed with 95% alcohol and dried in the 
Stokes freeze drying apparatus as described pre- 
viously The average iield of purified ram lili 
gum from this procedure was about 25% of the total 
weight of the dried crude extract Approximateli 
three pounds of the purified ram lily gum was pre- 
pared, powdered m a ball mill, mixed thoroughli , 
and stored m a dark, cool place 

Chemical Examination of Ram Lily Gum. — One 
of the standard characteristics of acacia, tragacanth 
(3), and gums in general is precipitation from dis- 
pensions by lead subacetate When 1 ml of a 5% 
solution of lead subacetate was added to 5 ml of a 4% 
dispersion of ram lily gum, heavy, white precipitate 
formed To ascertain the carbohy^drate nature of 
the material, a sample was tested for reducing sugars 
with Benedict’s reagent The reaction was nega- 
tive, but on acidifying with hydrochloric acid, boil- 
ing the solution to hydrolyze the gum, and alka- 
hnizing with sodium hydroxide, a positive Benedict’s 
test was obtained These tests indicated that part 
of the gum materia! under study was composed of a 
polysaccharide 

Partridge (4) was the first to report a separation 
of sugars by the use of paper chromatography 
Since this worker’s original report, numerous authors 
(5) have used paper chromatography to separate and 
identify simple sugars, sugar derivatives, and hy- 
drolvtic products of gums (6) To apply the paper 
chromatographic methods to ram hly gum, a hvdrol- 
ysate was prepared by treating 1 Gm of the gum 
ii ith 1 N sulfuric acid (20 ml ) at 95° for ten hours 
The excess sulfuric acid was neutralized with barium 
carbonate and the neutral solution filtered 

A sheet of Whatman No 1 chromatography 
paper (29 cm X 46 cm ) was prepared by drawing 
a pencil line 5 cm from the bottom of the paper, and 

0 1 ml each of the hy droly'sate and several sugar 
solutions were spotted along this line at 3 cm in- 
tervals The known sugar solutions (1 mg in 

1 ml water) were galactose, mannose, rhamnose, 
and mixtures of these three sugars The hexoses 
chosen as comparison sugars in this experiment w ere 
three sugars that are common to many' of the known 
gums Pentoses were not used as reference sugars 
since preliminary chromatographic work had shown 
that the R/ value of known samples was not near 
the R/ value for any sugar spots obtained from the 
ram Illy hydrolysate 

The chromatographic procedure was carried out 
by the ascending method with two solvent systems: 
a mixture of n butanol, glacial acetic acid, and dis- 
tilled water (4 1 5) or ethvl acetate, distilled water, 
and pyridine (2 2 1) The bottom of a chromato- 
graphic yar was covered with the aqueous phase and 
the chamber sealed for tw entv-four hours to ensure 
atmospheric saturation One end of the prepared 
chromatography paper containing the sugar spots 
was then dipped in a Petri dish containing the 
mobile, nonaqueous phase of the above-mentioned 
solients, the yar sealed, and the chromatograms 
allowed to dei elop for eighteen hours at 25° 
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The p;'perivasTemoved from the chromatographic 
jar and the sol%-ent front marked. After being dried 
in the air, the paper was sprayed with 0.1 A^ aniline 
in glacial acetic acid and then heated in an oven at 
100° for three minutes, resulting in distinct pink 
or brown spots from the reducing sugars (7). The 
distance the spots had moved from the starting line 
was measured and the A/ values calculated. 

A comparison of the A/ values obtained (see 
Table I) with mannose and one of the sugars from 
the hydrolysate of rain lily gum showed that the 
values were nearly the same, whether the develop- 
ing solvent was acidic or basic. These close values 
indicated that the hydrolysate of rain lily gum con- 
tained mannose. The second spot shown in the 
hydrolysate had an i?/ value higher than any of the 
known sugars used, therefore no tentative identi- 
fication of this spot was made. It was felt that the 
spot did not represent a uronic acid because i?/ 
values reported (8) for several uronic acids were 
lower than the I?/ values for the corresponding sugars 
while the R/ value for this unknown spot was higher 
than any of the test sugars. 

Further evidence for mannose was provided by a 
phenylhydrazone derivative which showed an un- 
changed melting point when mixed with authentic 
mannose phenylhydrazone. 


Table I. — A Comparison of the R/ Values op 
Certain Known Sugars with Rain Lily 
Hydrolysate 


1 . 

2 . 

3. 

4. 


Sugar 
Galactose 
Mannose 
Rhamnosc 
Rain Lilj' 

Mixture of 1,2,3 


-R/ Values- 


Ethyl Acetate, 
H-Butanol. 40% 40% 

Glacial HAc. 10% Water, 40% 
Water, 50% Pyridine, 20% 


0.203 
0.225 
0.367 
Spot a 0.223 
Spot b 0.754 

1 0, 199 

2 0.224 

3 0.303 


0.582 
0.050 
0.736 
Spot a 0.043 
Spot b 0.915 

1 0.579 

2 0.646 

3 0.721 



Fig. 1. — Infrared spectrum of rain lily gum. 


due to numerous factors, it was felt that some useful 
information could be obtained bj’ examining some of 
the flow characteristics of the rain lily gum disper- 
sion, Measurements were made with a Brook- 
field viscometer, model L\’F, with spindle No. 4, 
at 25° ±1°. A 4% (w/v) dispersion of rain lily 
gum was prepared by placing the freeze-dried ma- 
terial in purified water, allowing it to hydrate in a 
refrigerator for fortj'-eight hours, and stirring with 
a mechanical stirrer. Dispersions of acacia (40%, 
w/v) and tragacanth (4%, w/v) were prepared 
similarly for comparison. In all measurements, 
after the samples had attained temperature equi- 
librium, the spindle was allowed to complete five 
revolutions before readings were taken and the 
values recorded represent the average of at least 
three readings. To assess the constancy of measure- 
ments, Brookfield readings at 30 r. p. m. were con- 
verted to "centipoises” by means of the Newtonian 
calibration chart supplied with the instrument. For 
several 4% rain lil}' gum dispersions prepared on 
different days, the average viscosity was 7,900 
c. p. s. (standard deviation ±494). 

Figure 2 illustrates the flow curves (up-curve 
onlj') of the rain lily gum dispersion compared to 
acacia and tragacanth. Rain lilj’ gum dispersions 
show the typical pseudo-viscous or pseudo-plastic 
characteristics which are common to many plant 
gums. As expected, the viscositj’ of the aeacia 
dispersion was too low for valid measurement within 
the experimental limitations. 

Preliminary Pharmaceutical Evaluation. — Rain 


Infrared Spectrum. — Newburger and co-workers 
(9, 10) have reported a method for identifying 
naturalK’-occurring gums bj- the use of infrared 
analysis. According to their method, a film of rain 
lily gum for examination was cast on a smooth 
spatula, coated with Desicotc.* The spatula was 
dipped into a 4% dispersion of rain lily gum and 
dried over a steam bath. A piece of film large 
enough for analysis was removed with a razor blade, 
and this film was dried for six hours at 100°. The 
film was placed in a KBr cell which was positioned in 
a Baird-Atomic infrared spectrophotometer (model 
4-55) and the infrared spectrum recorded. 

Examination of the infrared spectrum (Fig. 1) 
reveals that its gross characteristics are very sim- 
ilar to that of acacia, tragacanth, guar, karaya, and 
many other gums; however, there are enough dis- 
tinctive features in its spectrum that an identi- 
fication of rain lily gum should be possible. 

Viscosity Characteristics of Rain Lily Gum. — ^Al- 
though the reproducibility of rheological measure- 
ments made on dispersions of gums is generally poor 

1 Desieote is a silicone preparation purchased from Beck- 
man Instruments. Inc., Pasadena, Calif. 
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Fig. 2.- — Flow curves for some gums. Brookfield 
viscometer. No. 4 spindle. 
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lily gum was used to prepare 50% oil in water emul- 
sions of liquid petrolatum and cod liver oil to exam- 
ine its emulsifying ahilily. In this study rain lily 
gum (2.5%), trngacantli (2.5%,), and acacia (25%) 
liquid emulsions were investigated over a two-month 
period by mean globule diameter method of Smith 
and Grinling (11), As a primary emulsifier, rain 
lily gum was comparable to tragacaiith and inferior 
to acacia; thus it probably should be classified as an 
auxiliary eimdsificr. 

A number of suspension and semisolid cream 
formulas in which gums have been used were pre- 
pared with the rain lily gum. The preparations were 
generally satisfactory and further studies of the 
pharmaceutical applications of the gum are being 
made. 

SUMMARY 

A new gum from the bulbs of Cooperia pedmt- 
ciilala has been isolated and partially purified. A 
preliininar}’ chemical investigation revealed that 
tlie gum was a polysaccharide containing man- 
nose as a component monosaccharide. An in- 


frared spectrum of the gum was similar to other 
gums and appeared to be characteristic enough 
for identification. The viscosity characteristics 
indicated that the gum was similar to tragacanth. 
A survej' of possible pharmaceutical uses indi- 
cated that the gum could be classed as an aux- 
iliary emulsifier and that further study of its 
pharmaceutical properties should be done. 
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An Investigation of the Effect of Ultrasonic Waves 
on the Rates of Hydrolysis of Procaine and 
Butethamine Hydrochlorides* 

By G. D. FENN and P. F. BELCASTRO 


Data are presented showing the effect of ultra- 
sonic waves on the rates of hydrolysis of pro- 
caine and butethamine' hydrochlorides. Un- 
der the experimental conditions employed, 
significant changes in the rates were not ob- 
served with the insonated samples. 

A number of investigators ( 1-4) have reported 
that ultrasonic vibrations initiate or ac- 
celerate chemical reactions, Faust (5) in- 
vestigated the chemical effects of ultrasound on 
glutathione and other compounds. Robert (G) 
discusses the oxidation of aromatic nuclei under 
the influence of ultrasonic vibrations and Prud- 
homme and Grabar (7) report depolymerization 
as a result of ultrasonic irradiation. Many such 
effects have been attributed to a local heating 
effect (2, 8, 9). This heating effect has been 
estimated to be as high as several hundred 
'^-degrees and has been attributed to adia- 
/ batic compression of cavitation bubbles 
(10). In vieiv of these investigations, the 
possibility of accelerating the rate of certain 

* Received August 21. 1959 from the School of Pharmacy, 
I urdue University, West Lafayette, Ind. 

Presented to the Scientific Section. A Pn. A , Cincinnati 
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Available under trade name Monocaine hydrochloride, 
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chemical reactions applied to pharmaceuticals 
was realized. This communication reports the 
effect of ultrasonic waves at a frequency of 400 
kc. per second on the rates of hydrolysis of pro- 
caine and butethamine hydrochlorides, by com- 
parison with noninsonated temperature ac- 
celerated hydrolysis. These comparative hydrol- 
ysis rates were investigated at several different 
hydrogen ion concentrations. It was hoped that 
the effects would be of sufficient magnitude to be 
of value in accelerated stability testing of phar- 
maceutical solutions. 

EXPERIMENTAL 

Calibration of the Generator. — The ultrasonic 
generator employed in this study was constructed at 
Purdue University and was designed for use with a 
barium titanatc transducer. The generator is rated 
at 250 watts with a variable frequency range. 
A Hypersonic transducer, model BU-301, with a 
focused bowl of barium titanatc was employed. 
The generator was calibrated by determining the 
wattage produced at various rheostat settings by 
multiplying the power amplifier voltage by the power 
amplifier current, as shown by appropriate meters on 
the generator. To compensate for various trans- 
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raissinii losses, 65/c uf this calculated wattage was 
estimated to be the true energj' reaching the sample 
(11) All insonation experiments were conducted 
at a frequency of 400 kc. per second and an energy 
level of approximately 125 watts at the focal point of 
the transducer. 

Hydrolysis of Procaine Hydrochloride.— Twenty' 
five-milliliter samples of 0.1% procaine hydro- 
chloride solution with various hydrogen ion concen- 
trations were hydrol3'zcd under the influence of 
ultrasonic vibrations. The results obtained were 
compared with those for 100-ml. samples of 0.1% 
procaine hydrochloride samples hj’drolj'zed under 
the influence of temperature at 25.0° and at 30.0° 
± 0.01°. Temperature control in the case of the 
noninsonated samples was maintained bj' use of a 
Sargent thermonitor controlled bath, model S-84810. 
The cooling coil of the transducer was not effective 
in maintaining precise temperature control of the 
insonated samples. The temperatures reported 
for the insonated samples represent the arithmetic 
mean of the temperatures observed at the time of 
sampling for analj-sis The sample solutions were 
prepared b\' diluting a 1.0% solution of procaine 
hydrochloride to 0.1%, using an appropriate 
buffer solution to which 0.2% sodium bisulfite 
was added as an antioxidant. The pH of the 
resulting samples was determined before and 
after hj’droh'sis, using a Beckman model G pH 
meter. The composition of the buffers emploj'ed 
is shown by Table I. 

Table I. — Co.mposition of Modified S0rensen 
Buffers 


■Approximate pH- 


Ingredient 

8 

9 

10 

11 

12 

NaHSOj, 

Gm./L. 

2.00 

2.00 

2.00 

2 00 

2.00 

H3BO3, Gm./ 
L. 

G.98 

10 85 

7.34 

0.11 

5.41 

NaOH, Gm./ 
L. 

3.05 

4.30 

4.80 

4.80 

4.80 

0.1 M HCl, 
ml./L. 

437.. 50 

125.00 

0.00 

0.00 

0.00 


The analj'tical procedure for the determination of 
residual proeaine hj’drochloride was essential!}' that 
of Higuchi (12), modified as follows; A 1-ml. 
portion of the sample was diluted to 100 ml. with 
a pH 9.5 buffer composed of 90.131 Gm./L. of 
H3BO3 and 4.000 Gm./L. of NaOH. The absorb- 
ance of the resulting solution was then determined 
at wavelengths of 287 mp and 271.5 mp using a 
Beckman model DU spectrophotometer. The 
per cent residual ester was then calculated according 
to the following formula as reported by Higuchi 
( 12 ): 


% residual ester = 100 X 


{k — kpAji.i) 
{kv roc — 1 ;paba) 


where k = the observed absorbanee of the partially 
hydrolyzed sample diluted to 0.001% with respect 
to original procaine hydrochloride; the 

absorbance of />-aminobenzoate ion equivalent to 
0.001% concentration of procaine hydrochloride; 
and iproc = rile absorbance of 0.001 (i procaine 
hydrochloride, all readings being taken at a fi.xed 
wavelength and pH 9.5. 

The absorbances determined at 271.. a mp served 


as an internal check on any side reactions and lim- 
ited the useful data taking time since the molar e.t- 
tinction coefficients for procaine h}'drochloride and 
PABA are the same at this wavelength. Figure 1 
shows the first-order hydrol}'sis observed at pH 
9.9 under the various conditions employed. 



Fig. 1. — Hydrolysis of procaine hydrochloride in 
solution at pH 9.9; O, noninsonated at 25.0°; 0, 
noninsonated at 30.0°; •, insonated at 20.7°. 


Hydrolysis of Butethamine Hydrochloride. — The 
procedure followed for butethamine hydrochloride 
was similar to that used for procaine hydrochloride. 
No solutions of butethamine hydrochloride were hy- 
drolyzed at pH 11 or 12 since preliminary e.xperimen- 
tation indicated that the half lives would be less than 
fifteen minutes. The formula for calculation of 
per cent residual procaine ester was modified as 
follows for use with butethamine hydrochloride. 

% residual ester = 100 X rr^- — 

(KBitU — kpaba) 

where k = the observed absorbance of the partially 
hydrolyzed sample diluted to 0.001% with respect 
to original butethamine hydrochloride; ^paba = 
the absorbance of /)-aminobenzoate ion equivalent 
to 0.001% concentration of butethamine hydrochio 
ride; and knu:, = the absorbance of 0.001% bti- 
tethamine hydrochloride, all readings being taken at 
a fixed wavelength and pH of 9.5. 

It was determined that the wavelength of maxi- 
mum absorption for butethamine hydrochloride is 
2.87 m^ and the isoabsorptive point with P.-\B.\ 
occurs at 200 m/i. Figure 2 sh')ws the first-order 
hydrolysis observed at pH 7.9 under the v.-irions 
conditions employed. 

Comparison of Half Lives. — In order to show the 
cxmiparative rates of hydroly.sis of the various .sam- 
ples under all the experimental conditions employed 




Fcbnwry 19G0 


Scinmiinc Edhion 


107 



0 24 48 72 90 120 lit 108 192 210 240 

time in hours 


Fig 2, — ^Hydrolysis of butethamine lij drocbloride 
in solution at pH 7 9; Q, noninsonaled at 25 0°, ©, 
noninsonated at 30 0° ; •, insotiated at 29 8°. 

the half lives of all samples were calculated using the 
following formula (13); 

, _ log 2 

where (i/« = the half life and in = the slope of the 
line obtained by plotting time against the log of 
the per cent residual ester The value for in was 
calculated from the follow ing formula ( 14 ) 

= 

JV2v2 - (2v)= 

where N = the number of observations, r = the 
numerical value of the point on the x axis, and y — 
the numerical value of the point on the y axis 
Tables II and III show the comparative half lives 
for ail samples under the various conditions em- 
ployed in this study. 


Tadlu II — IlAir Lives or Samples or Procaine 
Hydrochloride at Various pH’s 


•/i/j in Hours- 


pll 

25 0°C 

SO 0°C 

Insonated, ”0 ” 

s 

249 09 

114 02 

106.95,31 9 

9 

35 02 

20 74 

30 25. 25 9 

10 

18 01 

11 28 

15 81,20 7 

11 

12 15 

7 03 

10 92,25 8 

12 

1 69 

1 10 

1 67,25 3 


« Arithmetic mean of temperatures observed at time of 
sampling for analysis, a minimum of 6 observations 


Table III — Half Lives of Samples or Buteth- 
amwe Hydrochloride at Various pH’s 


in Hours — 


pH 

25 O'C 

30 0°C 

Insonated, ®C ° 

8 

329 0? 

132 6.5 

162 94,29.8 

9 

22 63 

11 25 

18 69,25 8 

10 

2 54 

1 48 

1 85,27.3 


rt Arithmetic mean of temperatures observed at time of 
sampling for analysis, n minimum of 6 observations 


ivere fluid in nature, less heat would be generated 
as a result of intermolecular friction than would be 
true for solid or semisolid systems 

SUMMARY 

1 The purpose of this stud)’’ was to determine 
the effect of ultrasonic ivaves on the rates of h)’’- 
drolysis of certain pharmaceuticals in aqueous 
solution The rates of insonated samples were 
compared to the rates of noninsonated samples 
under similar conditions Ultrasonic oxidation 
of the compounds was prevented by the addition 
of an antioxidant. 

2 No significant differences were noted be- 
tween the rates of hydrotysis of insonated and 
noninsonated samples other than those attributa- 
ble to slight increases in the overall temperatures 
of the insonated solutions 

3. Under the experimental conditions de- 
scribed in this paper, it does not appear that ul- 
trasonic waves have any significant influence on 
the rates of hydrolj’sis of procaine or butethamine 
hydrochlorides. 
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A Preliminary Study of the Alkaloidal Principles of 
Ceanotlms Americamis and Ceanothus veliitimis' 


By CHARLES W. ROSCOEf and NATHAN A. HALL 

The presence of a complex mixture of alkaloids in the root barks of Ceanothus 
Americanus and Ceanothus velutinus has been demonstrated by means of circular paper 
partition chromatography. Preliminary fractionation studies have yielded one 
crystalline alkaloid, m. p. 251-2 52° (K), from Ceanothus velutinus. The alkaloid 
was partially characterized by its infrared spectrum. The total alkaloid fraction 
from Ceanothus Americasius znA the ether-soluble and ether-insoluble alkaloid frac- 
tions from Ceanothus velutinus were tested for hypotensive activity and found to 
exhibit insignificant activity at the reported dosage levels. Since previous inves- 
tigators have reported on the hypotensive activity shown by various alkaloidal ex- 
tracts from Ceanothus Americanus it is recommended that the fractionation studies 
be continued in the hope of isolating sufficient quantities of individual alkaloids for 
further pharmacological testing and chemical characterization. 


' I *HE REStTLTS of early chemical investigations of 
Ceanothus Americanus (1-4) suggested the 
presence of a complex mixture of alkaloids in the 
root bark of this shrub. The only reported 
attempt to resolve the alkaloid mixture by' chro- 
matographic methods was unsuccessful (5). In 
the light of these results it seemed that a re- 
examination of the alkaloidal material should be 
undertaken. 

Other species of Ceanothus have received little 
or no attention from investigators. The species 
Ceanothus velutinus grows so prolifically in easily 
accessible areas in the state of W^ashington as to 
warrant more than casual interest. Richards 
and Lynn (6), in 1934, submitted evidence for 
the presence of alkaloidal material in this species 
but no subsequent investigations have been re- 
ported. 

The primary objective of this study was that of 
attempting to demonstrate the homogeneous or 
heterogeneous nature of the alkaloidal principles 
in the two plant species by' means of improved 
chromatographic techniques. It was also hoped 
that some pure alkaloids might be isolated for use 
in future chemical characterization and biological 
activity studies. Previous reports on the hypo- 
tensive activity shown by alkaloidal extracts ob- 
tained from Ceanothus Americanus (5, 7, S) served 
to lend additional impetus to the study. 


EXPERIMENTAL 


Source of Plant Material 

The roots of Ceanothus letulinus were collected in 
the immediate vicinity of U. S. Highway 2. approxi- 
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mately 15 miles cast of the summit of Stevens P.i 
in the state of Washington. The bark was removi 
from the freshly dug roots and allowed to dry in a 
prior to comminution in a Wiley mill fitted with tl 
smallest size screen. The material was collcch 
at various times during the summer months. ^ 
attempt was made to ascertain the optimum harve 
time. Herbarium samples of Ceanothus vetulini 
were authenticated by Dr. C. L. Hitchcock, Depar 
ment of Botany, University' of Washington. 

The root bark from Ceanothus Americanus wi 
supplied by Flint, Eaton & Co., Decatur, 111. 

Isolation of Alkaloid Fractions 

Preliminary studies indicated that the iiiiti 
extraction of the alkaloids from cither plant spccii 
was best accomplished with methanol or ethane 
No prior alkalinization was necessary. Defattii: 
of the drug was found to be desirable since apprcc 
able quantities of vegetable fat or wax were presen 

The general scheme for obtaining the alkaloi 
fractions is outlined in Fig. 1. Amorphous alkaloi 
fractions were isolated from the root bark of ( 
velutinus and C. Americanus in yields of 0.20% an 
0.1G%, respectively. Specific rotations were fonii 
to be as follows: C. velutinus, [a] n" — 205° (CIlCli 
C. Americanus, [al°D“-150° (CHCl,). 

The acid fractions obtained from the ether e: 
tracts (Fig. 1) arc currently under investigation. 

Resolution of Alkaloid Mixtures by Circula 
Paper Partition Chromatography 

Method. — Manian (5) screened an extensive mm 
ber of solvent systems in an unsuccessful attempt t 
resolve the alkaloidal mixture in C. Amcricanu 
by means of paper-strip chromatography. Likt 
wise, we investigated a number of solvent system 
and techniques without success. Finally, som 
degree of resolution was achieved with the ascend 
ing, moist, buffered pai)cr technique which Levin 
and Fischbach (9) employed for the resolution of ; 
mixture of veratrum alkaloids with n-butyl acetate 
n-butanol solvent systems containing acetic o 
formic acid. However, the resulting chromato 
grams exhibited elongated, diffuse spots with con 
siderablc tailing which made it difficult to locat' 
inelividual spots with any degree of certainty. Bl 
utilizing the basic features of this method and in 
corporating modifications of the circular papei 
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crude drug 

) percolated (cold) with O')', ethanol 
percolate 

jsohcnl rcinn\cd ni vnctin, extract desiccated 
dn extract 

j c\U acted xxith ether lu boxhlct 

r ~ — ~ I 

ether extract marc 

( 1 extr ictcd with CHClj CHjOH azeotrope 

acid fraction 1 in Soxlilct 

liquid extract 

I ‘•ohent removed tii tacuo 
residue 

1 added 2 L ethanol filtered 
filtrate 

j added tartaric acid to pH 5, filtered 

I 1 

precipitate filtrate 

(discarded) j solx ent remox td iii vacuo 

residue 

1 added 1 L 5‘ 0 acetic acid , filtered 
filtrate 

1 alkalinized with NHjOH, extracted with CHClj 
chloroform extract 

j sohent removed iii vacuo 
residue 

[added 1 L 5% acetic acid, filtered 
filtrate 

I added excess silicotungstic acid, collected precipitate 
precipitate 

j added water adjusted to pH 9-10 with KOH, 

1 extracted w ith ether 
ether extract 

i extracted with 5% acetic acid 
acid extract 

(alkalinized with NH 40 H, collected precipitate 
alkaloid fraction 

Fig 1 — Scheme for isolation of alkaloid fractions 


technique described by Rao (10), satisfactorj res- 
olution was eventually achieved Optimum results 
were obtained using the resolving solvent sjstcm 
a butil acetate n-butanol acetic acid, 25 5 1 
and 25 1 1 (by volume) 

Apparatus and Materials. — The chromatography 
container used in these studies consisted simply of 
a glass casserole cover about 18 cm m diameter, 
which served as the reservoir for the developing 
solvent, and a heavy desiccator hd which served 
as the cover The edges of the two parts were 
ground so that a tight seal resulted w hen they w ere 
fitted together 

The solvents, K-butyl acetate and ii-butanol, of 
the mobile phase were purified by distillation 
through a Todd precise fractionation assembly 
Reagent grade glacial acetic acid was used without 
further treatment McIIvaine's phosphate citrate 
buffer (11), pH 3 5, was used as the stationary phase 

Procedure. — A circle 18 cm in diameter was 
drawn on a sheet of Whatman No 1 filter paper 
A wick was fashioned by cutting a flap 1 cm wide 
and 2 cm long from the edge of the circle toward 
I Its center The flap was then folded downward, 
Cperpendicular to the sheet, and a strip of filter 
I paper stapled to the lower end of the flap in order 
for the wick to extend into the developing solvent 
An arc of 2 cm radius with the fold of the wick as 
Rs center was drawn toward the center of the 
paper Solutions of the alkaloid mixtures were 
applied at tw o points, 1 4 cm apart, along the arc 
With development of the chromatograms the com- 
ponents of the mixtures appeared to progress radially 


along imaginary lines intersecting the starting points 
and the center of the arc The most consistent R/ 
values were obtained by measuring distances along 
these lines 

The paper, prepared m the described manner, 
was quickly drawn through the aqueous phosphate- 
citrate buffer solution and the excess moisture re- 
moved by blotting between paper towels Quanti- 
ties of 200 to 400 meg of the alkaloid mixtures in 
chloroformic solution were spotted on the moist 
paper along the pencil drawn arc The paper was 
then exposed to the air for several more minutes and 
when it had attained the desired degree of wetness, 
as determined largely by the feel of the paper, it was 
sandwiched between the casserole cover and the 
desiccator lid with the wick dipping into the develop 
mg solvent The solvent front was allowed to 
travel about 14 cm , after which the chromatogram 
was removed, dried, and spraved with a 0 01% 
chloroformic solution of bromophenol blue. On 
humidifying the chromatogram w ith a flow of steam 
the alkaloids appeared as blue bands on a yellow 
background A reproduction of a typical chro- 
matogram produced in this manner is shown m 
Fig 2 

Results. — Using the resolving solvent sjstcm 
« butx’i acetate n butanol acetic acid, 25 5 1, 
five bands were obscri ed on chromatograms of the 
C Amencamis mixture and six bands on chromato- 
grams of the C vcluhnus mixture The results are 
summarized m Table I 

Using the resolving solvent sjstem n butil ace 
tate Ji butanol acetic acid, 25 1 1, seven bands 
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Fig 2 — Reproduction of a typical alkaloid chro- 
matogram developed ivitli the solvent system n-but 3 ’l 
acetate : n-butanol ; acetic acid (25 5 1, by 
volume). CA, Ceanothus Amencanus, CV, Ceano- 
thus vehilitnis 


Table I — R/ \'alues Calculated from Chroma- 
tograms Developed With the Solvent System 
«-But\x Acetate . w-Butanol : Acetic Acid, 
25 5 1 (by I’olume) 



Ceanothus Amencanus 

Ceanothus vetuttnus 



A\ 


A\ 

Band 

Mean 

Error 

Moan 

Error 

No. 

R/a 

±% 

Tt/<‘ 

±% 

1 

0 17 

4 7 

0 18 

5 0 

2 

0 04 

3 1 

0 42 

1 4 

3 

0 72 

2 8 

0 00 

0 7 

4 

0 81 

2 5 

0 66 

1 5 

5 

0 92 

1 1 

0 80 

1 0 

6 



0 92 

2 2 


« A^ erage of fi\c determinations 


appeared on chroinatograins of the C amencanus 
mi.vture and five bands on chromatograms of the 
C vclutinus mixture. The results are summarized 
in Table II 

Fractional Solution of Alkaloid Mixtures with 
Ether 

In vicu of the apparent complexity of the alka- 
loid mixtures in both plant species it uas hoped 
that a preliminary crude separation might serve to 
facilitate further fractionation by more elaborate 
methods 

Method. — The mixture of alkaloids from C 
Amcricanus was subjected to continuous extraction 
in a Soxlilet apparatus with anh 3 'drous, peroxide-free 
ether for a total of five dax'S. The extractive 
obtained after a forty-eight-hour e.xtraction period 
uas designated fraction 1; the extractive obtained 
after an additional seventx'-tno-hour extraction 
period xvas designated fraction 2 The remaining 
residue xxas designated fraction 3 

The mixture of alkaloids from C. lelulinus nas 
separated into tuo ether fractions by a similar 
procedure. The ether extractive obtained after a 
9G-hour extraction period nas designated fraction 1; 
the remaining residue, fraction -- 


Table II — R/ I'alues Calculated from Chro- 
matograms Developed Wnn the Solvent S\s- 
TEM n-BuTYL Acetate : ji-Butanol : Acetic 
Acid, 25:1-1 (by A'olume) 



Ceajiothus Amencanus 

Ceanothus leluttnus 



Av. 


A\ 

Band 

Mean 

Error, 

Mean 

Error, 

No 

Rfa 

±% 

itr 


1 

0 18‘ 

9 4 

0 08 

5 3 

2 

0 24'’ 

4 2 

0.41 

2 4 

3 

0 40 

3 0 

0 60 

1 7 

4 

0 54 

1 9 

0 68 

1 2 

5 

0 67 

1 5 

0.79 

0 4 

6 

0 81 

0 7 



7 

0 93 

0 6 




A\crage of c determinations, 
t Detected under ult^a^ lolet light. 


Results. — Fractions 1, 2, and 3 from C 
Amencanus represented approximate^’ 61, 22, and 
17%, respectively, of the total weight of the original 
mixture Specific rotations taken in chloroform 
at 26± 2“ xvere found to be — 178, — 167, and —100° 
for fractions 1, 2, and 3, respectively. Paper chro- 
matograms of fraction 1, developed with the solvent 
S 3 stem n-but 3 'l acetate ; n-butanol : acetic acid, 
25 1 1, shoxved the presence of seven bands corre- 
sponding closel 3 ’ to those listed in Table II. An 
eighth band (7?/ 0 09), xvhich had not been previ- 
oush' detected on chromatograms of the original 
mixture, xvas also found Four bands appeared on 
chromatograms of fraction 2 and two bands on 
chromatograms of fraction 3 

Fractions 1 and 2 from C velulinus represented 
approximately 44 and 56%, respectively, of the 
weight of the original mi.xture Specific rotations 
taken in chloroform at 26 ± 2° xvere found to be 
— 215 and —225° for fractions 1 and 2, respectivel 3 '. 
With the above solvent S 3 ’stem paper chroinatograins 
of fraction 1 showed the presence of five bands cor- 
responding closel 3 ’ to those listed in Table II. T«o 
additional b.ands (R/s 0 14 and 0.24) were detected 
b 3 ' examining the chromatograms under ultraviolet 
light Three (and possibl 3 ’ four) bands could be 
detected on chromatograms of fraction 2. 

Preliminary Fractionation by Column Adsorption 
Chromatography 

Method. — The general procedure outlined by 
Reichstcin and Shoppee (12) for the fractional 
elution of steroids from columns of alumina with 
an eluotropic series of solvents w.is similar^’ cm- 
plo 3 -cd in an attempt to effect a further separation 
of the alkaloids in each of the ether fractions 
Woelni aluminum oxide’ (iioiialkaline, activit 3 ’ 
grade 1) uas used as the adsorbent in these studies 
The fractions obtained by this method Mere ex- 
amined individuall 3 ’ by means of their paper 
c'lroin itograms and specific rot.atioiis The initial 
results of these studies are briefly reported here. 
■A more detailed report Mill be published at a l.itcr 
date Mhen further studies have been completed 

Results. — The specific rotations of the C. Amrri- 
canus fractions progressively decreased from —222 
to —47° in the order that they Mere eluted from the 
alumina column One of the amorphous fractions, 
Mhich appeared to contain a single component on 
the b-isis of its p iper chromatogram, melted at 

1 AsailaLlc Inim Research Speci titles Ct» , 200', HopVint 
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Fig. 3. — Infrared spectrum of C. velutinus alkaloid, m. p. 251-252° (K). 


138-139° (K) but attempts to crystallize it were un- 
successful. All other fractions contained two or 
more major components. 

The specific rotations of the C. vdulinus fractions 
ranged from —292 to —45°. One of the crystalline 
fractions appeared to consist of one major com- 
ponent. The colorless, acicular crystals melted 
at 251-252° (K) after three recrystallizations from 
absolute ethanol. All other fractions contained 
two or more major components. 

“■ Infrared Spectrum of C. velutinus Alkaloid. — 
The infrared spectrum of the crystalline C. velutinus 
alkaloid, m. p. 251-252° (K), is shown in Fig. 3. 
The spectrum was taken on a solid sample in the 
form of a potassium bromide tablet using a Perkin- 
Elmer infrared spectrophotometer, model 21, 
equipped with a sodium chloride prism. 

The single strong band at 3,300 cm. falls within 
a frequency range which is usually assigned to the 
N — H stretching vibrations of secondary amines, 
secondary amides, and imines, although hydrogen- 
bonded OH groups may also absorb at this frequency. 
The band near 2,900 cm.“' occurs at a frequency 
normally expected for C — H stretching vibrations. 

The intense absorption at 1,680 cm."* suggests 
the presence of a conjugated carbonyl group. The 
equally intense absorption at 1,640 cm."* might be 
considered indicative of the carbonyl absorption 
of an amide group since all amides examined in the 
solid state have been found to absorb strongly near 
this frequency (13). The alternative possibility 
that the 1,640 cm.“* band could arise from the 
C— C stretching vibrations of an unsaturated 
keto group should also be considered. The weaker 
absorption near 1,550 cm."* might also be asso- 
^ dated with an amide group (14). 

Some indication for the presence of an aromatic 
] structure is found in the absorption observed in the 
\ 1,600-1,500 cm."* region in conjunction with the 
sharp, relatively weak band which appears as a 
shoulder on the high frequency side of the 2,900 
cm."* band (IS). The band in the vicinity of 
1,390-1,380 cm."* occurs in a region which has 
often been assigned to the C — CHa group. 

The intense absorption at 1,240 cm."* falls within 
a frequency range normally assigned to the C — O 


stretching vibrations of aryl and aralkyl ethers as 
well as phenols, esters, acids, and other compounds 
possessing the =C — O structure (16). The absorp- 
tion near 1,110 cm.”' could be due to an ether group. 

The absorption bands near 870 and 740 cm."* in 
conjunction with those in the 1,600-1,500 cm."* 
region give some reason to suspect the presence 
of an aromatic heterocyclic ring system. The strong 
band near 705 cm."* could be due to out-of-plane 
=C — H bending vibrations. 

PHARMACOLOGY 


Although the literature contains several reports 
attesting to the hypotensive activitj^ shown by vari- 
ous alkaloidal extracts derived from C. Americanus, 
no report on the pharmacological testing of C. velu- 
tinus extracts has been found. The results of a pre- 
liminary testing" of the ether-soluble and ether- 
insoluble alkaloid fractions of C. velutinus for hypo- 
tensive activity are reported here. A sample of the 
total alkaloids of C. Americanus was also tested. 
All tests were conducted on the anesthetized dog. 

Total Alkaloids of C. Americanus and Ether- 
Insoluble Alkaloids of C. velutinus. — Intravenous 
doses below 5 mg./Kg. produced no significant 
change in blood pressure. At dose levels of 5 and 
10 mg./Kg. a slight fall in blood pressure (15-20 
mm. Hg) of brief duration (one to two minutes) 
was observed. 

When administered intraduodenally at a dose level 
of 10 mg./Kg. the ether-insoluble alkaloids of C. 
velutinus produced no change in blood pressure 
during a period of eighty-five minutes. The total 
alkaloids of C. Americanus caused a small increase 
in cardiac rate whereas the ether-insoluble fraction 
from C. vdulinus produced no significant change. 
Neither of these substances interfered with adren- 
aline pressor responses nor did they show significant 
ganglionic blocking action. 

Ether-Soluble Alkaloids of C. velutinus. — Intra- 
venous doses of 1, 5, and 10 mg./Kg. evolved a 
fall in blood pressure (10-45 ram. Hg) of brief dura- 
tion (one to eight minutes) accompanied by a 


I The authors are indebted to the pharmacoIoBy staff of 
Mead Johnson & Co. for the pharmacological testing of the 
alkaloid samples lor hypotensive activity. 
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small decrease in cardiac rate This response re- 
sembles that observed after the i v administration 
of man\' types of drugs and was not considered to 
be significant. This fraction did not interfere 
with adrenaline pressor responses and exhibited no 
significant ganglionic blocking action. 

DISCUSSION 

The results of the fractional solution with ether 
indicated that the majorit\ of the alkaloids m each 
plant species resided in the more ether-soluble frac- 
tions. The appearance of pretiously undetected 
bands on paper chromatograms of the ether frac- 
tions suggested that there may be at least eight alka- 
loids in the root bark of C Aviencantis and seven 
alkaloids in the root bark of C vcluttnus, although 
the possibility that some of the bands might repre- 
sent basic artifacts was considered 

The initial results of the fractionation by column 
chromatography indicated that this procedure might 
be employed, with certain refinements, for the final 
resolution of the alkaloid mixtures on a preparative 
scale. Unfortunately, the crystalline C vcluttnus 
alkaloid, m. p. 251-252° (K), was isolated in ex- 
tremely small yield and additional characterization 
studies were not possible due to the lack of sufficient 
material 

The insignificant hypotcnsite activity shown bj’ 


the sample of total alkaloids from C. Amcricar.ut 
is not in agreement with the findings of previous 
investigators. However, this may be due to the 
administration of lower dosages. Further testing 
at higher dosage levels was prevented by the lad 
of sufficient material. The possibility that the 
alkaloids might possess activity of a cumulathe 
nature was considered. 
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The Synthesis and Antifungal Evaluation of 
Certain Acetylenic Compounds* 

By JAMES A. WATERSf and GAIL A. WIESE 

A number of 4-diethylamino-2-butynyl esters and 1,4-bis-N-substituted amino-2- 
butyn es were prepared. The compounds, in the form of their hydrochloride and/or 
methiodide salts, were tested in vitro against three fungi causing dermatomycoses. 
Several compounds exhibited good activity in comparison to the control compound, 
sodium undecylenate. The most effective compound in this investigation was 4- 
diethyIamino-2-butynyl o-toluate hydrochloride. 


Tn PAST YE.ARS, relativclj' few investigators have 
studied the antifungal activity of compounds 
containing an acetylenic component. The most 
recent paper in which a number of acetylenic 
compounds were evaluated was by Tanaka, cl al. 
(1). The compounds ivere patterned after an 
acetylenic compound the same laboratory had 
previously isolated from the essential oil of 
Artemisia capillaris, which was reported to 
possess a high degree of antifungal activity (2). 

It was of particular interest to note that in 
certain instances where acetylene carboxylic 
acids 7 vere studied for antifungal activity (.'1, 4), 
the free acids exhibited little fungistatic activity 
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but when esterified thev were highly fungistatic. 

In this investigation a number of acetylenic 
aminoesters were prepared, of the general formula 
shown below. 

O C.IIs 

^ / 

R— C— O— CH-— C=C— CHr— X 

\ 

Cdh 

R = alkyl, alkenyl, or aroinatic 
Esters of the same pattern were of considerable 
interest to Marszak. cl al. (.5), and Biel, cl al. (0), 
as pote.Ttial pharinacodynainic agents. We were 
interested in studying the structure — antTiingal 
activity relationships afforded by these three 
general types of esters. 

A few acetylenic diamines were tilso prepared. 
The free bases were converted into their hydro- 
chloride and/or methiodide salts. The com- 
pounds prepared in this investigation arc sum- 
marized in Tables I and II 
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Tadi-e I — -l'DicTnyLAMiNo-2-nuTYNVL Esters 


0 

/ 


R— C— O—CII;— CsC— CHj 


N 


C2H5 

/ 


\ 

C>Hj 



Yield, 

B I> 



Fster 

r- 

.0 

”C 

Slit 

No 

Acetate” 

r.3 0 

85-89”' 

HCl 

1 

Propionate 

72.0 

7S-S0 



«-Biityratc 

75 4 

78-81 6 



w-Hc\anoatc 

SI 0 

94-95 

HCI 

2 

?j-Octanoate 

SO 9 

115-117 

CHJ 

3 

Crotonate 

47. S 

98-104 

HCl 

4 

10 Undeccnoatc 

70 9 

/ 

CHJ 

5 

Sorbatc 

74.0 

115-120 

HCl 

0 




CHJ 

7 

Benzoate” 

05 3 

125-120 

HCl 

8 




CHJ 

9 

o-Tohiate 

73 0 

121-121 5 

HCI 

10 




CHJ 

11 

«i-To!uate 

SI S 

124-120 

HCI 

12 




CHJ 

13 

p-ToIuate 

04 3 

133-134 

HCl 

14 

p-Ritrobenzoate 

01.7 

40-47“’ 

HCl 

15 




CHsI 

16 


Viclil, 

% 

M p 
”C 

Formula 

Analysis of N, 
%» 

Calcd Found 

54 0 

93-94 

CioHioNOsCP 

6 38 

6 25 

76 2 

02-63 

ChH-sNOsCI'-*' 

5 08 

5 IS 

37 2 

67-58 5 

CnHsjNOJ'' 

3.42 

3 37 

02 6 

80-83 

CijHmNO-CF 

5 70 

5 54 

03 0 

75-77 

CotHjsNOJ'’ 

3 12 

3.01 

63 5 

97-98 

C„HjjNO:C1‘ 

5 15 

5.19 

32 2 

100-101 

CisHjiNOJ” 

3 71 

3 73 

75 0 

98 

Ci^HjoNOoCP 

4.96 

4 80 

44 4 

91-92 

CicH-NOJ” 

3 62 

3 78' 

82 4 

135-136 

CpiHs-NOsCl'' 

4 74 

4.54 

90 6 

100-108 

CirHiiXOJ” 

3 SO 

3 42 

27 6 

160-162 

CisHkNOiCF-*-' 

4.74 

4 91 

77 7 

110-118. 5 

CnHiiNOJ” 

3.50 

3.40 

93 0 

113-114 6 

CisH-jNO.CI'’ 

4 74 

4 65 

56 3 

130-137 

C„H„NjOiCl'' 

8 57 

8 25 

06 6 

134-130 

CisHsiNeO,!” 

6 48 

6 32 


® BoUttig points nt 0 3-0 5 mm pres«?ure, unJc‘?s otherwise indicated & Recrystallized from an absolute ethanol anhydrous 
ether mixture « From absolute ethanol d From absolute methanol anhydrous ether mixture * No solvent was found 
satisfactory to recr>’5tnlli2e this compound / A viscous oil which could not be distilled at 0 3-0 5 mm without decomposi- 
tion ff Melting point * Extrcraelj hygroscopic » Nitrogen analyses by a semimicro JCjeldah! method, unless otherwise 
indicated j Analysis performed by Galbraith Laboratories, Knoxville Tcnn t Melting points are uncorrected and were 
taken in capillorj melting point tubes / Melting point taken m a closed capillary tube m B p at 1 mm pressure n The 
free aminoestcr reported by Marszak. I , ef of , Compi rend , 226, 1289(1948), b p 94® (0 5 mm ) Ibid , reported b p 163® 
(0 6 mm ) 


i 


r 


Table II — I.-J-bis-N-Substituted AMmo-2-BUTYNES 


R R 

\’ / 

N— CH5—C=C— CHr— N 

/ \ 

R R 


R 

\ 

N— 


/ 

Yield, 

B p.® 



Yield. 

M P.*' 


Analysis of N, % 

R 

% 


Salt 

No 

% 

®c 

Formula 

Calcd 

Found 

Diethylamino' 

75 0 

73-79 

Di-HCl 

17 

63 5 

204-205 

CnHDeNzCl:” 

10 40 

10 06 




Di-CHJ 

18 

91 3 

213 5-214 

ChHsoNJJ 

5 83 

5 51 

Bjrrolidino'' 

92 5 

98-102 

Di-HCI 

19 

74 8 

222 

C,!H::NsCh‘ 

10 56 

10 49' 




Di-CHJ 

20 

80 5 

246 

ChHscNJJ’'' 

5 88 

5 85' 


“Boding points at 0 3-0 5 ram pressure ft All melting points with decomposition « Reported b p 110® (10 mm), 
T , ei al , Ann , 591, 177(1955) d Reported b p 93-95® (0 1 mm ), Biel, J , and DiPierro, F , J Am Chem Soc , 80, 
^609(1958) « Recrystallized from anhydrous ether methanol mixture / From absolute ethanol ° From absolute metha- 

nol ft Reported m p 239-240°, ref , see footnote d * Analyzed by Galbraith Laboratories, Knoxville, Tenn 


ANTIFUNGAL EVALUATION 

The compounds were tested in vitro against 
Trichophyton rubrum, Microsporuin gypseum, and 
^iicrosporitm audoinni The testing procedure was 
simlar to that described Goettsch (7), with the 
exceptions that aqueous solutions of the compounds 
a seven-day incubation period were employed 
the end of the incubation period, the minimum 
rone of inhibition was measured The zone of in- 
hibition was the distance between the periphery 
of the paper disk and the colony growth Com- 
pound 21, sodium undecvlenate, was used as the 
control The results of this antifungal study are 
Eu'en in Table III Each value in this table rep- 
fesents an average of four zones of inhibition. 


DISCUSSION AND SUMMARY 

The intermediates 4-chIoro-2-butyn-l-ol and 
l,4-dichloro-2-butvne were prepared by the pro- 
cedure described by Bailey and Fujiwara (8) 4- 

Diethylainino-2'butyn-l-el and the majority of the 
esters were prepared by the general procedures de- 
scribed by Biel, et al (6) The acetate and propio- 
nate esters were prepared by employing an excess of 
methyl acetate or methyl propionate without the 
use of the Dean-Stark water separator. The dia- 
mines were prepared by reacting an e.\ccss of the 
secondary amine uith l,4-dichloro-2-but\me. 

The compounds deleted from Table III uere 
inactive against all of the test organisms, which 
includes all of the 1,4-bis-N-substituted amino 
2-butynes. 
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small decrease in cardiac rate This response re- 
sembles that observed after the i v administration 
of many types of dn’gs and vas not considered to 
be significant This fraction did not interfere 
with adrenaline pressor responses and exhibited no 
significant ganglionic blocking action 

DISCUSSION 

The results of the fractional solution with ether 
indicated that the majorit\ of the alkaloids m each 
plant species resided in the more ether-soluble frac- 
tions The appearance of pre\ louslv undetected 
bands on paper chromatograms of the ether frac- 
tions suggested that there may he at least eight alka- 
loids in the root bark of C Amencanus and seven 
alkaloids m the root bark of C vcluttvus, although 
the possibihtv that some of the bands might repre- 
sent basic artifacts was considered 

The initial results of the fractionation bj column 
chromatograph) indicated that this procedure might 
be eraplo) ed. w ith certain refinements, for the final 
resolution of the alkaloid mixtures on a preparative 
scale Unfortunaldv, the crystalline C velutinus 
alkaloid, m p 251-252° (K), was isolated in ex- 
tremely small \ icld and additional characterization 
studies were not possible due to the lack of sufficient 
material 

The insignificant hjpotensue activity shown by 


the sample of total alkaloids from C Amrncnnn 
is not in agreement with the findings of prcMoiis 
investigators However, this may be due to the 
administration of lower dosages Further testing 
at higher dosage levels was prevented by the hcl 
of sufficient material. The possibility that the 
alkaloids might possess activity of a cmmilatwe 
nature was considered 
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The Synthesis and Antifungal Evaluation of 
Certain Acetylenic Compounds'^ 

By JAMES A. WATERSf and GAIL A. WIESE 

A number of 4-diethylamino-2-butj'njl esters and 1,4-bis-N-substituted amino-2- 
butynes were prepared. The compounds, in the form of their hydrochloride and/or 
methiodide salts, were tested iti vitro against three fungi causing dermatomycoses. 
Several compounds e.xhibited good activity in comparison to the control compound, 
sodium undecylenate. The most effective compound in this investigation was 4- 
diethyIamino-2-butynyl o-toluate hydrochloride. 


T N PAST YEARS, relatively few investigators have 
studied the antifungal aetivity of compounds 
containing an acetylenic component The most 
recent paper in which a number of acetylenic 
compounds were evaluated was by Tanaka, cl al 
(1). The compounds were patterned after an 
acetylenic compound the same laboratory' had 
previously isolated from the essential oil of 
Artemisia capillaris, which was reported to 
possess a high degree of antifungal activity (2) 

It was of particular interest to note that in 
certain instances where acetylene carboxylic 
acids were studied for antifungal activity (3, 4), 
the free acids exhibited litt'e fungistatic activity 
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but when esterificd they were highly fungistatic. 

In this investigation a number of acetylenic 
aminoesters were prepared, of the general formula 
shown below 

O C-Hj 

/ / 

R— C— O— CH-— C=C— CII-— 1\ 

\ 

C..Hi 

R = alkyl, alkeii) 1. or aroiii.iiic 
Esters of the same pattern were of considerable 
interest to Marsyak cl al (5), and Biel, cl a! (0), 
as polcTtial jiharmacodynamic agc'ls We were 
interested in studying the structure— anlTiiiig.il 
activitv relationships afforded by these ihre'f 
general types of esters 

A few acetylenic diamines were abo [irepared 
The free ba=cs were converted into their hydro 
chloride and/or methiodide sfills The com 
pounds prepared in this investigation arc sum 
marized in Tables I and II 
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TAni.K I. — -}-DlCT!IYI,AMINO-2-DUTyNYL ESTERS 

O CjHs 

/ / 

R— C— O— CHs— feC—CH:— N 

\ 

CiHs 


Ester 

Yield, 

% 

Bn," 

°c 

Acetate" 

03 0 

85-89’" 

Propionate 

72 0 

78-80 

ii-Butyrate 

75 4 

78-81 5 

n-Hcxanoatc 

81 0 

94-95 

fi-Octanoatc 

89 9 

115-117 

Crotonatc 

47 8 

98-104 

10-Undecenontc 

70.9 

/ 

Sorbate 

74 G 

115-120 

Benzoate" 

05.3 

125-120 

o-Toluatc 

73 6 

I21-I21 i 

m-Toluate 

81 8 

124-126 

^-Tokiatc 

64 3 

133-134 

f-Nitrobeiizoate 

61 7 

46-47“ 


Salt 

No 

Yield, 

% 

M p ,t 
°C 

HCl 

1 

54 6 

93-94 

HCl 

2 

76 2 

62-63 

CH,I 

3 

37 2 

57-58 5 

HCl 

4 

62 6 

80-83 

CH,I 

5 

03 0 

75-77 

HCl 

6 

53 5 

97-98 

CHJ 

7 

32 2 

100-101 

HCl 

8 

75 0 

98 

CHal 

9 

44 4 

91-92 

HCl 

10 

82 4 

135-136 

CHJ 

11 

90 6 

106-108 

HCl 

12 

27 6 

160-162 

CHJ 

13 

77 7 

116-118 5 

HCl 

14 

93 0 

113-114 5 

HCl 

15 

56 3 

136-137 

CHJ 

16 

66 6 

134-136 


Analysis of N, 


Formula 

Calcd 

Found 

C,oH,oNO:CF 

6 38 

6.25 

CnHscNOsCl''*’ 

5 08 

5 18 

CuHsjNOJ’' 

3 42 

3 37 

CiinMNOsCF 

5 70 

5 54 

CooHseNOzU 

3 12 

3 01 

C.iHjeNOsCF 

5 15 

5 19 

CnHsiNOJ' 

3 71 

3 73 

CjsHmNOiCF 

4 96 

4 80 

CioH-NOJ' 

3 62 

3 78' 

CioHesNOjCF 

4 74 

4 54 

CnH.iNOeU 

3 50 

3 42 

CieHssNOjCl'”'^-' 

4 74 

4 91 

CuHeiNOJ” 

3 50 

3 40 

CnHsiNOiCF 

4 74 

4 65 

CisHisNiOiCF 

8 57 

8 25 

C.oHnNsOJ" 

6 48 

6 32 


® Boiling points nt 0 3-0 5 mtn pressure, unless otherwise indicated & Recrystalhzed from an absolute ethanol anhydrous 
ether mixture * From absolute ethanol d From absolute methanol anhjdrous ether mixture * No sol\ent ivas found 
satisfactory to recrjstallize this compound / A viscous oil which could not be distilled at 0 3-0 5 mm without decomposi- 
tion B Melting point * Extreme^ hygroscopic » Nitrogen analyses by a semimicro Kjeldahl method, unless otherwise 
indicated ; Analysis performed by Galbraith Laboratories, Knoxville Tenn ^ Melting points are uncorrected and were 
taken in capillary melting point tubes t Melting point taken in a closed capillary tube m B p at 1 mm pressure n The 
free aminoester reported by Marszak, I , f/ flf , Comp/ rend , 226, 1289(1948), b p 94® (0 5 mm ) o fbid y reported b p 163® 
(0 G mm ) 


Table II — 1,4-bis-N-Substituted AMmo-2-BUTyNEs 


R 

\ 

N— CHr-CsC— CH.— N 

/ 

R 


R 

/ 

\ 

R 


R 



Yield, 

B p.'* 



R 

% 

®C 

Salt 

No 

Diethylamino' 

75 0 

73-79 

Di-HCl 

Di-CHsI 

17 

IS 

Pyrrolidino’' 

92 5 

93-102 

Di-HCl 

Di-CHjI 

19 

20 


Yield, 

% 

M p ,1* 

°C 

Formula 

Analysis of N, % 
Calcd Found 

63 5 

204-205 

CisHseNaCls" 

10 40 

10 06 

91 3 

213 5-214 

CmHtoNJJ 

5 83 

5 51 

74 8 

222 

CizHszNsCb" 

10 56 

10 49' 

80 5 

246 

ChHsoNJs''''* 

5 88 

5 85' 


“ Bmimg points at 0 3-0 5 mm pressure h Ail melting points with decomposition ' Reported b p 310° (10 mm), 
«‘lle, F ,el at , Ann , 591, 177(1955) d Reported b p 93-95° (0 1 mm ), Biel, J , and DiPierro, F , J Am Chon Soc , 80, 
•IfjOQdQSs) e Recrystallired from anhydrous ether methanol mixture f From absolute ethanol e From absolute metha- 
ool * Reported m p 239-240°, ref , sec footnote d > Analyzed by Galbraith Laboratories, Knoxville, Tenn 


ANTIFUNGAL EVALUATION 

The compounds were tested in vitro against 
trichophyton riibruin, Microspontm gypscum, and 
^!icro$ponm audomni The testing procedure was 
similar to that described by Goettsch (7), with the 
fi^ceptions that aqueous solutions of the compounds 
•snd a seven-day incubation period were employed 
At the end of the incubation period, the minimum 
zone of inhibition was measured The zone of in- 
hibition was the distance between the periphery 
the paper disk and the colony growth Com- 
pound 21, sodium undecylenate, was used as the 
control Xhe results of this antifungal study arc 
Pven in Table III Each value in this table rep- 
tesentsan average of four zones of inhibition 


DISCUSSION AND SUMMARY 

The intennediates 4-chloro-2-butyn-l-ol and 
l,4-dichloro-2-butyne were prepared by the pro- 
cedure described by Bailey and Fujiwara (8) 4- 

Diethy!ammo-2-butyn-l-el and the majonty of the 
esters were prepared by the general procedures de- 
scribed by Biel, cl al (6) The acetate and propio- 
nate esters were prepared by employing an excess of 
methyl acetate or methyl propionate without the 
use of the Dean-Stark water separator. The dia- 
mines were prepared by reacting an excess of the 
secondary amine with l,4-dich!oro-2-butj-ne 
The compounds deleted from Table III nere 
inactive against all of the test organisms, which 
includes all of the 1,4-bis-N-substitutcd amino 
2-but>Ties. 
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Table III — Width of Zone of Inhibition in Millimeters (Average of Four Tests) 


Compound 


Conen , 




Number 

Name 

% 

T rnhrum 


flJtdoMIM 

2 

4-Dietlivlaniino-2-butvnvl 

5 0 

6 3 

2.0 

5.3 


hexaiioate HCl 

2 0 

2.S 

0 0 

3.0 



1 25 

0 0 

0 0 

0 0 

3 

4-Dieth\ lamino-2-butt m 1 

5 0 

10 3 

3 8 

9 5 


octanoate CH3I 

2 5 

3 5 

1 3 

8.0 



1 25 

0 0 

0 0 

0 0 

4 

4-Diethx Iamino-2-butx nj 1 

5 0 

2 0 

0 0 

1.0 


croton ite HCl 

2 5 

0 0 

0 0 

1 0 



1 25 

0 0 

0.0 

0 0 

5 

4-Diethx lamIno-2-but^ in 1 

5 0 

15 5 

13 7 

0 


lO-undeccnoate CHJ 

2 5 

11 8 

0 8 

30 5 



1 25 

11 8 

3 3 

13 8 

6 

4-Dicthylamino 2-butj-n} 1 

5 0 

1 0 

30 2 

10 5 


sorbate HCl 

2 5 

0 0 

15 5 

9 5 



1 25 

0 0 

7 2 

0 0 

7 

4-Diethylamino-2-butvnvl 

5 0 

0 0 

0 0 

0.7 


sorbate CH3I 

2 5 

0 0 

0 0 

0 0 



1 25 

0 0 

0 0 

0 0 

s 

4-Diethylamino-2-butvnvl 

5.0 

13 5 

9 5 

7 3 


benzoate HCl 

2 5 

6 5 

0 0 

1.5 



1 25 

0 0 

0.0 

0 0 

10 

4-Diethylamino-2-butj nyl 

5 0 

a 

31 5 

30.5 


o-toluate HCl 

2 5 

30 0 

27 8 

28 3 



1 25 

14 0 

17.3 

21 5 

11 

4-Dieth3iamino-2-butynyl 

5 0 

0 5 

0.0 

1.0 


o-toluate CH3I 

2 5 

0 0 

0 0 

0 0 



1 25 

0 0 

0 0 

0 0 

12 

4-Dieth3'lamino-2-butj nj 1 

5 0 

9 5 

22 7 

20 2 


Mi-toluate HCl 

2 5 

0 0 

11 7 

17.5 



1 25 

0 0 

0 5 

12 5 

13 

4-Diethylamino-2-butvn> 1 

5 0 

0 0 

0 0 

4 3 


«i-ToIuate CH3I 

2 5 

0 0 

0 0 

0 5 



1 25 

0 0 

0 0 

0 0 

14 

4-Diethj’lamino-2-but} nj 1 

5 0 

23 0 

19 5 

23 8 


p-toluate HCl 

2 5 

17 5 

7 5 

15.0 


1 25 

0 0 

4 0 

12 5 

15 

4-Diethylaniino-2-butjTij’l 

5 0 

10 5 

8 8 

22 0 


p-nitrobenzoate HCl 

2.5 

13 0 

2 8 

10 0 


1 25 

7 5 

0 0 

0 8 

21 

Sodium iindecv lenate 

5 0 

25 0 

18 0 

37 5 



2 5 

25 0 

13.5 

33 8 



1 25 

20 3 

0 0 

30 0 


a Complete inhibition 


It vas interesting to note that the aminocsters 
in «hich both the hydrochloride and methiodidc 
salts Mere prepared, the hydrochlorides exhibited 
greater activity than their respective methiodide 
salts This correlation was verj- evident in the 
benzoate, p-nitrobenzoate, and the o- and m- 
toluate esters, where their methiodide salts showed 
little or no activity, while the hydrochloride salts 
were all of reasonably good antifungal activity 
This may be due to the fact that the hydrochloride 
salts possess a higher degree of water solubility than 
the methiodides, and thereby diffuse more rapidly 
across the agar plate surface which was covered 
with an aqueous spore suspension of the particular 

organism . , , 

The onlv ester methiodide showing relatively 
good activity against all three organisms was the 
undccenoate ester methiodide The cirboxj’lic 
acid portion of the ester was probably an influential 

factor in this case , i 

In general, the ester htdrochlorides exliibited 
activitv in the following order: aromatic > alUn>l 
> alkvl In this classification, 4-dicth> lammo- 
o.buU-ii\l o-toluatc hydrochloride was superior to 
Nthe o’Ui'ers It was alsfj superior to sodium un- 


dccylenate against two of the fungi and showed ex- 
cellent activity against the third The excellent 
activity of this ester hydrochloride could he at- 
tributed to the stcric effect produced by the o 
methyl group, thereby making the ester less vul- 
nerable to hydrolysis and allowing a greater per- 
centage of the compound to exert its aetivity in 
the form of the intact molecule 

Further antifungal studies and certain pharniaco 
logical testing will be performed on a iiuniber of 
these compounds at a later date 
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A Solubility Study of the Boric Acid-Glycerin 
Complex I* 

Solubility of Boric Acid in Glycerin Solution at 25 ° 

By JOHN J. SCIARRA and DONALD ELLIOTT 


A solubility study of the boric acid-svater- 
glycerin system was made at 2 5°. The effect 
of concentration of glycerin upon the solu- 
bilitj' of boric acid was noted. Concentra- 
tions of glycerin ranging from 0 per cent to 
100 per cent, by weight, were utilized in this 
study. A phase diagram of this three-com- 
ponent system was constructed at 25°. The 
results of this investigation were compared 
to the boric acid-water-sorbitol system and 
a difference was noted between the nature of 
the boric acid-sorbitol complex and the boric 
acid-glycerin complex. 

^ LYCERiN has been used for many years as a 
solvent for boric acid. This solvent allows 
the use of approximate!}’ 20 per cent of boric acid 
whereas a saturated solution of boric acid in water 
contains about 5 per cent of boric acid. Since 
1903, the U. S. P. monograph (1) on boric acid has 
specified the use of glycerin in the chemical assay. 
The presence of glycerin allows boric acid to be 
y titrated with sodium hydroxide as a monobasic 
acid (2). Previous investigators have estab- 
lished that a complex compound is formed be- 
tween glycerin and boric acid although the exact 
nature of the complex has not been definitely es- 
tablished. This reaction ma}’ be represented as 
follows (3) ; 


form a complex compound with boric acid and a 
solubility study of this system has been reported 
in a previous publication (8). It is interesting to 
note that the solubility of boric acid increased as 
the concentration of sorbitol increased to a maxi- 
mum solubility of about 19 per cent boric acid in 
a 70 per cent, by weight, sorbitol solution at 25°, 

A saturated solution of boric acid in 70 per cent 
sorbitol solution can be diluted with water with- 
out the precipitation of boric acid. This is not 
true in the case of a saturated solution of boric 
acid in glycerin. The addition of water will 
cause a precipitation of boric acid from such a so- 
lution. The formation of a precipitate is one of 
the problems associated with the use of boroglyc- 
erin glycerite when it is diluted with water. 
Boric acid is formed by the hydrolysis of glyceryl 
borate. This difference in behavior between so- 
lutions of boric acid in glycerin and in sorbitol 
prompted the following investigation. The solu- 
bility of boric acid in various concentrations of 
glycerin was determined at 25°. From the data, 
the effect of glycerin upon the solubility of boric 
acid was noted and the results plotted by means 
of a phase diagram. 
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If a mixture of five moles each of boric acid and 
glycerin is heated to drive off all the water formed 
during the reaction, then a reaction represented 
fay the following equation takes place (4) ; 

HjBOs + C3H5 (OH), CjHsBO, + SH-O 


This reaction takes place in the preparation o: 
boroglycerin glycerite, N. F,, which is used for iti 
u., antibacterial properties. The former reaction v. 
• I indicated w'hen boric acid is dissolved in glycerin 
J Holm (5), Miner and Dalton (6), and Sciarra 
Autian, and Foss (7) reported the solubility o' 
boric acid in glycerin. Sorbitol is also known tc 
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EXPERIMENTAL 

Glycerin, U. S. P., containing over 99%, by weight, 
of CjHof OH ), was used throughout this study. Solu- 
tions of glycerin were prepared by diluting glycerin 
with varying quantities of distilled water so that con- 
centrations of glycerin were obtained from 0 to 100% 
glycerin, by weight, in increments of 5%. The spe- 
cific gravity of each of the solutions, as well as the spe- 
cific gravity of saturated solutions of boric acid in 
•glycerin, was determined at 25° by the pycnometric 
method (9). This information enables one to ex- 
press the solubility of boric acid in several different 
ways. 

The solubility of boric acid in each of the above 
glycerin solutions was determined by adding a few 
drops of sodium hydroxide solution until the glycerin 
solution was slightly pink to phenolphthalein. Then 
an excess of finely divided, crystalline boric acid, 
U. S. P., was added to the solvent which had been 
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placed into a solubility tube The tube uas then 
placed into a constant temperature water hath and 
stirred continuously for twenty-four hours (previous 
experiments showed that equilibrium had been at- 
tained during this period) After allowing the un- 
dissoh cd particles to settle to the bottom of the solu- 
bilitj tube, tw o 25-ml portions of the clear, super- 
natant liquid were removed, placed into tared beak- 
ers, and quick!}- w eighed The amount of boric acid 
in these solutions was deteniiined b}- assa}ing the 
solutions according to the U S P assai- for boric 
acid (10) 

At the same time, a 25 ml Gay-Lussac specific 
gra\it}- bottle was filled with the saturated solution 
of boric acid in the glycerin solvent and the specific 
gravity determined at 25° 

Temperature remained constant at 25° ±0 1° 
by using a Sargent, full visibility, constant tempera- 
ture water bath 


RESULTS 

The results of the above experiments arc gix-en in 
Tables I and II Table I shows the specific gravity 
of various glycerin solutions and saturated solutions 
of boric acid in gl}-cerin solvent at 25° while Table II 
gives the solubility of boric acid in these same glj c- 
erin sohents at 25° Figures 1 and 2 show these re- 
sults graphically 

In order to plot a phase diagram of the boric acid- 
water-gh cerin solutions, the percentage composition 
of each component of this three-component system 
was calculated and is given in Table III The phase 
diagram of tins s} stem is show n in Fig 3 

The results gi\en in Tables I, II, and III represent 
the average of three determinations for each solvent 
system. 


DISCUSSION 

It is significant to note that the glyccrin-boric acid 
complex behaves quite differcntl} fromtheprcviously 
studied sorbitol-boric acid complex As can be seen 


Table I — Specific Gravitv or Boric Acid Solu- 
tions IN Glx'ceri.n at 25° 


Concentration 

of 

Gl> cerin, % n/« 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
SO 
S5 
90 
95 
100 


Olj cenn 
Solution 

1 000 
1 012 
1 024 
1 036 
1 049 
1 062 
1 074 
1 0S7 
1 100 
1 113 
1 12S 
1 140 
1 153 
1 168 
1 181 
1 195 
1 20S 
1 219 
1 232 
1 245 
1 260 


Saturated 
Solution 
Boric Acid 

1 019 
1 031 
1 043 
1 054 
1 065 
1 078 
1 090 
1 102 
1 114 
1 128 
1 142 
1 154 
1 170 
1 181 
1 197 
1 209 
1 222 
1 235 
1 218 
1 202 
1 278 


Table II — Solubility or Boric Acid in Glxclkix 
Solutions at 25° 


Concentration 


of 

Ml Sohent/ 

% hy 

7r tl} 

Gljccnn, % 

Gm Solute 

Weight 

\'olumc 

0 

17 58 

5 53 

5 G4 

5 

17 63 

5 33 

5 50 

10 

17 66 

5 24 

5 40 

15 

17 67 

5 IS 

5 40 

20 

17 54 

5 21 

5 55 

25 

17 45 

5 11 

5 51 

30 

17 19 

5 14 

5 GO 

35 

16 70 

5 22 

5 75 

40 

16 34 

5 27 

5 ST 

45 

15 49 

5 48 

6 IS 

50 

14 93 

5 61 

0 40 

55 

14 07 

5 87 

0 77 

60 

13 06 

6 22 

7 28 

65 

11 78 

6 77 

7 99 

70 

10 45 

7 48 

S 00 

75 

9 00 

8 51 

10 29 

80 

7 34 

9 89 

12 OS 

85 

6 75 

10 82 

13 30 

90 

5 19 

13 51 

16 80 

95 

4 20 

16 04 

20 24 

100 

3 29 

19 40 

24 79 


Table III — Composition or Boric Acid-Water- 
Glx’cerin System at 25° 


Bone Acid 

Glyccnn 

Water 

%, n/w 

%, u/w 

%. "A' 

5 53 

0 00 

94 47 

5 33 

4 73 

89 94 

5 24 

9 48 

85 28 

5 18 

14 22 

SO 60 

5 26 

18 95 

75 79 

5 11 

23 72 

71 17 

5 14 

28 40 

60 40 

5 22 

33 17 

01 61 

5 27 

37 89 

56 84 

5 48 

42 53 

51 99 

5 01 

47 20 

47 19 

5 87 

51 77 

42 30 

6 22 

56 27 

37 51 

0 77 

00 GO 

32 63 

7 48 

04 76 

27 76 

8 51 

68 62 

22 87 

9 89 

72 09 

18 02 

10 82 

75 80 

13 .38 

13 51 

77 84 

9 05 

16 04 

79 70 

4 20 

19 40 

80 60 

0 00 


from Fig 1, the curies representing specific graiil} 
of gl} cerin solvent (A) and specific gravity of a s.it- 
urated solution of boric acid in tlic glycerin sohent 
(B) arc separated throughout hj essentially a con- 
stant When sorbitol is used as a solvent for 
boric acid, this difTcrciice htcoines loss and less until 
finally both curves meet at approxiinatel} the sjic 
cific grai it} of a satur.ited solution of hone .icid m 
70So sorbitol solution This seems to indicate tli it 
increasing the concentration of gli cerin, up to a cer 
tain point, docs not siibstantiall)' incre.ise the- snlii- 
bihty of bone acid This can be seen furtlier b} oli 
sen ing the essentially straight line- from 0'^ to .ihoiit 
4.5-50(,f gl} cerin solutions in Fig 2 The sliglit dif- 
ference in results is prob ibly due- to expo rinieiit.il er- 
ror It IS interesting to note that the- presence of 
gliccriri in these conccntnitioiis eloes not mere ise the 
soluhiht} of boric acid In fact the coiiceiilr.itioii of 
boric acid in this range of glycerin solutions is esscii- 
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Fig. 1. — Specific gravity of boric acid-glycerin 
solutions at 25°. A, Glycerin solution; B, satu- 
rated solution of boric acid in glycerin. 



Fig, 2. — Solubilitv of boric acid in glvcerin solutions 
at 25°. 


bally the same concentration of boric acid as found 
in a saturated solution of boric acid in water. This 
ibservation leads one to believe that very little, if 
iny, complex formation, between boric acid and 
dycerin takes place at this range in concentration of 
dycerin. Further investigations are indicated to 
iefinitely establish this observation. As can be seen 
rom Fig. 2, as the concentration of glycerin is in- 
wased beyond 50%, the solubility of boric acid in 
the solvent increases. 

It has previously been established that this in- 
crease in solubility is due to the formation of a boric 
Jcid-glycerin complex. This complex has a greater 
solubility than boric acid in the respective solvent 
sj’stem. However, the addition of water to these 
solutions will cause a precipitation of boric acid, 
probably due to a change of solvent, resulting in a de- 
crease in glycerin concentration. As has been noted 
previously, this precipitation does not take place 
wth saturated solutions of boric acid in sorbitol so- 
jutions. This indicates the increased stability of the 
boric acid-sorbitol complex as compared to boric 
icid-glycerin complexes. Preliminary experiments 
ndicate that propylene glycol reacts similarly to 
dycerin, which is not surprising when one considers 



Fig. 3. — Pliasc diagram of boric acid-water-glycerin 
system at 25°, 


the similarity of these two solvents. The results of 
this investigation suggest the possible replacement of 
the boroglycerin glycerite ivith a similar preparation 
utilizing sorbitol in place of glycerin, especially when 
a stock solution of boric acid is indicated. Bacterio- 
logical studies may indicate the possible use of this 
preparation for its antibacterial properties. 

The phase diagram of the boric acid-water-glycerin 
sj'stem. Fig. 3, indicates the area of complete misci- 
bility of these three components. This is represented 
by the area above the curve. As can be seen, the area 
above the sorbitol curve is greater, indicating a 
greater area of miscibility for the sorbitol system as 
compared to the glycerin system. Figure 3 can be 
used to determine the minimum amount of glycerin 
necessary to dissolve a given amount of boric acid. 
This information is essential when one considers 
problems of formulation. 
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Comprehensive Studies on Utah-Grown Medicinal 

Rhubarb^ 


By R. L. WORKMAN, Jr., and L. D. HINER 


The rhizomes and roots of medicinal rhubarb 
grown in Utah were subjected to the N F X 
tests for rhubarb. In addition to the official 
tests, tests for rhaponticin, laxatne activit), 
and organoleptic acceptance were performed 
The results of the combined tests indicated 
that the Utah-grown medicinal rhubarb pos- 
sessed satisfactory laxative properties, and 
acceptable taste and odor qualities 


but for some reason the medicinal rhubirli' 
grown in these areas reportedly have an emetic 
rather than a laxatu e action (3) Because oi 
the difference m climate between Utah and other 
areas of the United States in which tins drug Ins 
been grown, it was decided to investigate the 
possibility that medicinal rhubarb could grow in 


"D iiuntRB has been known and used as a me 
dicament for ov er fort\ fiv e hundred \ ears 
The first w ritten reference to rhubarb w as made in 
the Chinese herbal Ben King” which has been 
attributed to the Emperor Chen nung (1) and 
w as w ritten about 2700 n c Dioscorides referred 
to r/ra or r//co/i during the first century a d 
R/;a was the Latin word for the Volga River, 
and It is possible that the rJja of that penod was 
rhapontic rhubarb. Rheum rhaponiicnm, from 
the Black Sea area, although Chinese rhubarb 
mat have reached Europe as early as the first 
centun a d (2) The .A.rabs knew and used 
rhubarb during the Middle Ages Thev vvere 
aware that the drug which came from the East 
via Persia was of Chinese origin and preferred 
It to the “pontic" variety (3) This preference 
for Chinese rhubarb has remained until the 
present time Indeed, the Xational Formularv 
IX imposed a geographic limitation for official 
rhubarb to China and Tibet (4) and the National 
Formulary X further restricted this source to 
China (5) 

Because of the source limitation imposed in 
the X F , the supply of rhubarb to the United 
States has always been subject to the political 
condition of the Far East This uncertainty 
of supply has led to investigations of other 
sources for this medicinal agent Indian rhu 
barb (Rhciiiu enwdt and Rheum uchbiantun) 
was offered for importation, and after careful 
studv, was admitted to the Xational Formulary 
in 1950 as a substitute for Chinese rhubarb 
Attempts to grow medianal rhubarb in the 
United States have met with verv little success 
DeRose states that medicinal rhubarb will 
grow m Massachusetts, Minnesota, and Illinois, 
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Utah that w ould hav^e the desired laxativre action 
The rhubarb used in this mv^estigation was 
obtained from three sources Hy^brid Rheue 
ojfictnale grown m Utah from seed, Utah grown 
Rheum rhaponiicnm, and rhubarb, N f 
obtained from the S B Penick Company Tlic 
Utah medicinal rhubarb was grown from seed 
obtained from Dr Ileber W Youngken of tlic 
Massachusetts College of Pharmacy The seed 
was planted in the greenhouse in the fall of lOlS 
The plants obtained from this seed were moved 
into the field during the spring of 19-19 Be 
tween 1949 and 1950 these plants were virtualli 
unattended, but still thrived During the last 
three growing seasons (1956, 1957, and I95S) I 
the plants were brought under cultiv'ation and , 
finally, the roots and rhizomes were harv'csted 
October 21, 195b The Utah grown rhaponticinn 
was harvested at approximately the same liiiic 
After harvesting, the roots and rhizomes of 
both species were washed with water and then 
carefully peeled The peeled roots and rhuonics 
were then placed in a warm room to drv The 
official N F rhubarb samples were of Chinese 
origin, and were in granulated and whole coin 
mercial forms 


PROCEDURES 

Microscopic. — Samples of dried roots of Clih 
grown medicinal rhubarb, Utah grown Rhcmi 
rhaponiicnm, and Clnnesc nicdicin.il rhubarb lurc 
pl.iccd m .50% ethyl alcoliol and left ovcrniKht 
Xormal dehydrating procedures were then used I" 
prepare the samples for embedding m p ir.ifiin 
Sections made using a rotary microtome were madt 
into permanent mounts and ex immed witli the ii'l 
of a research microscope Samjiles of the dried root= x 
mel rhizomes of all three rlitib irbs were ground m i 
Wfiley null to a number forty powder 'J liev were^ 
then e.xamined microscopic die using elilor d, jihloro 
gluem hidroclilonde, glycerine, ami lodo jiot issiiiM 
loelide solution as re igcnts 

Pharmaceutical Preparations.— The prcpiritioio 
•jsed III the org moleptic comp irisous uid llie jih it 
macological tests were unde iccordmg to the dine 
tions 111 the offici d Iittriturc fti tin c is< of ( tcl 
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of tlic preparations, wliicli included llic fluidexlract, 
aromatic tincture, aud aromatic syrup, one set of 
samples was made using oflicial rhubarb aud one set 
using the Utah-grown hybrid. 

Tests. — ^Thc tests conducted during this investiga- 
tion consisted of the oflicial tests as listed in N. F. X, 

I some nonodicial but established tests for rhaponticin, 
and organoleptic comparisons. Oflicial commercial 
rhubarb was used as the control for the official tests 
and organoleptic comparisons, while Rheum rhapoii- 
ikum was used as the control for the nonofficial tests 
for rhaponticin. 

Laxative Activity. — Albino mice were used as the 
test animals in the laxative activity test procedure 
uhich was the same as that used for senna and cas- 
c.ara (6, 7, 8). Animals weighing between 20 and 
30 Gm. were placed in individual wire cages which 
uerc placed upon newsprint. The animals were 
allowed access to a mixture of powdered Rockland 
mouse diet and water, mixed in the ratio of 1 Gm. 
of tlie laboratory diet to 2 cc. of water, during the en- 
tire screening and experimental period. At the end 
of two hours the newsprint was examined for signs of 
diarrhea, as shown by sufficient moisture in the stool 
to stain the underside of the paper. Animals show- 
ing signs of diarrhea were discarded and not used in 
this investigation. The remaining animals were 
then divided into four groups of 15 animals each. 

Two rhubarb fluidextracts were used as e.xperi- 
mental drugs: rhubarb fluidextract N. F. and rhu- 
barb fluidextract made witli medicinal rhubarb 
gromi in Utah. These fluidextracts were mixed with 
water in appropriate amounts so that each animal re- 
^ ceived the desired amount of fluidextract in a volume 
■ of 10 cc./Kg. of body weight. This formula resulted 
in a dosage sufficiently large to permit accurate and 
ready measurement. All doses were given orally 
using a hypodermic syringe and a hypodermic needle 
from which the point had been removed and solder 
; placed on the end to prevent injury to the animal 
during the administration of the medicament. 

Six hours after the administration of the drug, the 
newsprint beneath the cages was checked for signs of 
diarrhea. If there were signs of diarrhea the dose of 
the drug for that animal was considered positive for 

- that particular animal. If there were no signs of 
diarrhea, the dose of the drug for that particular ani- 
mal was considered negative. The laxative activities 
of the two fluidextracts were compared statistically 
by the method Miller (9) employed to compare the 
laxative activity of various samples of senna and the 
cardiac activity of various samples of digitalis. 

- EXPERIMENTAL • 

The medicinal rhubarb plants grown in Utah for 
^ this investigation at first were thought to be Rheum 
ejficinale because of information supplied with the 
seed. Later, however, they would not check out as 

j,i| this species when compared to available keys. Speci- 

mens of the leaves and stems with the inflorescence 
,, were sent to Dr. Heber W. Youngken. With his co- 
operation it was determined that the plants used in 
this investigation were a hybrid of Rheum officinale 
and Rheum tarlaricum (10). 

. The roots and rhizomes were examined after they 
had become completely dry. The dried, unground 
, rhizomes and roots were cylindrical in form, from 


G-10 cm. in length and from 1.5-5 cm. in diameter. 
The outer surface was yellowish brown with patches 
of brown cork and partially covered with yellow 
powder. The roots and rhizomes were hard and 
compaet. The fraeturc was uneven and granular. 
The newly-fractured surface was pinkish brorvn in 
color and, upon standing, a yellow pow'der formed on 
this surface. The odor was aromatic and charac- 
teristic. The taste was bitter and astringent. 

Cross sections of the roots of Utah medicinal rhu- 
barb were compared with cross sections of Chinese 
rhubarb and rhapontie rhubarb . All three exhibited 
regular dicotyl strueture. The cross sections were 
devoid of cork cells and cortex because all of the roots 
were peeled previous to the preparation of the slides 
The phloem and cambium were not very pronounced 
The xylem was radiate, while the medullary rays 
were wavy and mostly two cells in width. The 
tracheae were scattered and in small groups. The 
xylem consisted of wood parenchyma and con- 
tained starch, calcium oxalate rosette aggregate crys- 
tals, and some tannin. 

The powder of the Utah medicinal rhubarb was 
of a moderate yellowish-brown color. Microscopic 
examination of the powder revealed calcium oxa- 
late rosette aggregates from about 40-120 p in 
diameter. Starch grains 5-20 p in diameter, grouped 
in two’s and four’s, bunched and single with central 
cleft hilums were present. There were fragments 
of vascular rays containing a yellow substance 
which was soluble in water, insoluble in alcohol, 
and soluble in ammonia T. S., which turned the 
substance pink. The vessels were nonlignified, 
mostly reticulate, with a few elements being spiral. 

One per cent potassium hydroxide solution turned 
both the Utah medicinal rhubarb and the Chinese 
rhubarb powders a very dark red, which indicated 
the presence of anthraquinone compounds The 
N. F. test for emodin and chrysophanic acid was 
positive for both rhubarb powders. The Utah 
medicinal rhubarb contained 35% diluted alcohol- 
soluble extractive while the official sample con- 
tained 39%. Both of these figures are well above 
the N. F. minimum of 30% diluted alcohol-soluble 
extractive. 

Utah medicinal rhubarb and Chinese rhubarb 
were tested for rhaponticin while rhapontie rhubarb 
was used as a control. One-half gram of each 
powdered rhubarb was shaken with 5 cc. of '2% 
ammonia solution and allowed to stand in a warm 
room for fifteen minutes. They were then filtered, 
and each filtrate was placed on a watch glass. 
Almost immediately the filtrate from the rhapontie 
rhubarb had crystals formed in it. At the end of 
four hours neither the filtrate from the Chinese 
rhubarb nor the filtrate from the Utah medicinal 
rhubarb had any signs of crystal formation. 

Powdered samples of the three rhubarbs were 
placed under ultraviolet light to see if rhaponticin 
could be detected by this means. The rhapontie 
rhubarb appeared light in color and had a weak 
purple fluorescence. Both the Utah medicinal 
rhubarb and the Chinese rhubarb were dark in 
color, and what little fluorescence was present 
appeared ver}^ dark brown. 

Organoleptic tests w’ere performed by a fortj'- 
five-member panel consisting of faculty, graduate 
students, and seniors. The fluidextracts, aromatic 
tinctures, and aromatic syrups were compared for 
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color, odor, taste, and preference. Si.\ty-scven 
per cent of tlic panel preferred the flnidextract 
made with the Utah medieinal rhubarb and one 
panel member reported that the fluidc-Xtraet made 
with the Chinese rhubarb bad nauseating qualities. 
Tlie aromatic tincture made with the Utah medicinal 
rhubarb was preferred by OT'^'c of the panel and 
one member of the panel reported nauseating 
qualities in this aromatic tincture, while another 
panel member reported these qualities in the 
aromatie tineture made nith the Chinese rhubarb. 
Sixty-seven per cent of the panel preferred the 
aromatie syrup made witli the Chinese rhubarb. 
One panel member reported nauseating qualities 
present in this aromatic syrup. 

Two comparison tests were made to determine 
the laxative activity of the two fluidextraets. 
The first test compared the laxative activity for 
both fluidextraets in doses of 0.5 ec./Kg. of body 
weight and 1 cc./Kg. of body weight. The second 
comparison was run independent of the first, and 
the doses employed were 0.25 cc./Kg. of body 
weight and 0.5 cc./Kg. of body weight. The results 
obtafned in the two e.xperiments were statisficaHy 
compared by the method outlined by Miller (9). 
The laxative activity of the rhubarb flnidextract 

N. F. was arbitrarily assigned a value of one and the 
fluide-xtract made from the Utah medicinal rhu- 
barb was compared with it. In the first test the 
Utah flnidextract had a value of 0.72 with 95% 
fiducial limits of 0.39 and 1.03, while in the second 
test this fluidextract had a value of 0.S8 with 95% 
fiducial limits of 0 48 and 1 28. The results were 
also combined, and a final statistical analysis was 
made of the combined data obtained with the two 
fluidextraets. The potency of the N. F. fluidex- 
tract was again assigned the value of one and in 
this analysis the Utah fluidextract had a weighted 
mean potency of 0 80 with 95% fiducial limits of 

O. 55 and 1.05. In all three instances the upper 
95% fiducial limit overlapped the value of one 
assigned to the X. F. fluidextract and one must 


conclude that the two fluidextraets have the same 
potency. 


SUMMARY 


1. A hybrid of Rheum officinale and Rhew 
tartaricum has been grown in Utah. It grev 
even when left virtually unattended for a pcricx 
of sixt-ears. 

2. Macroscopic and microscopic exaniinatini 
reveals that this hybrid is very similar to com 
mercial samples of Chinese rhubarb and fits tin 
description of rhubarb given in the N. F. X. 

3. This hybrid compares favorably will 
commercial samples of Chinese rhubarb wlici 
subjected to the N. F. X tests for rhubarb. 

4. Pharmaceutical preparations made will 
this hybrid are acceptable from an organoleptii 
standpoint and are relatively free of objection 
able qualities. 

5. The laxative potenej’’ of at least one of its 
preparations appears to be the same as that oi 
the corresponding official preparation. 
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Book Notices 


Recent Progress in Oxytocin Research. By B. Bcrde. 
Charles C Thomas. 301 East Lawrence Ave., 
Springfield. III., 19.59. ix -i- 110 pp. 14 x 21.5 
cm. Price $4.75. 

The extent of accepted knowledge of oxytocin and 
its definite physiological functions is indicated by the 
fact that this goorl review occupies 82 pages. The 
alphabeticallv arranged author references (sUirting 
with Abel. J. J.) cover 22 pages. Particularly in- 
teresting is the second chapter which discusses the 
relationship between the chemical stnicturc of oxy- 
tocin and its biological activity. 


Lehrhuch dcr organischen Chemic. By Paul Kar- 
RER, Georg Thieinc Verlag, Ilerdweg 30. StiUt" 
gart, X. Germany, 19.59. xx + 10,57 pp. 

20 cm. Price DINI 00. 

This is the thirteenth edition of a classical text- 
book (ill German) an organic clieniistry. The hook 
lias retained its established style and arrangetnent. 
but its text has been considerably revised since tlif 
publication of the twelfth edition, which was ri- 
vieweef in Tuts Journal, 43, 3.81(1951). Earh'' 
editions have appeared in English translations an', 
it is hoped that tliis edition also will he translated. 
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Enteric Coatings IIF 

An Improved Enteric Coating and Its /// Vitro Evaluation 


By JOHN G. WAGNER and STUART LONG 


A new, improved enteric coating, prepared from styrene-maleic acid copolymer, 
dibutyl phthalate, and talc (I) was compared with previously reported coatings con- 
taining starch acetate phthalate, dibutyl phthalate, and talc (II), and cellulose acetate 
phthalate, propylene glycol, talc, and sorbitan monooleate (III). Increasing the 
amount of talc applied per tablet increases the disintegration time of the coated tablets 
in artificial intestinal fluid. This effect is least for 1, intermediate for II, and greatest 
for III. A minimum amount of talc is essential to obtain satisfactory acid resistance 
with I but an increase in the amount of talc does not confer increased acid resistance. 
The ratio of gastric resistance time ; disintegration time in artificial intestinal fluid 
is greater for I than for II. The ratio of disintegration time in artificial intestinal 
fluid : weight of enteric coating is much less for I than for either II or III. These 
observations clearly indicate advantages of I over II and III as enteric coatings. The 
types of plots presented are useful for comparing one type of coating with another 
and predicting the properties of the different coatings. 


A^arious DEFINITIONS of an efficient or suitable 
’ enteric coating have appeared in the litera- 
ture (1, 2). It is proposed that the ideal enteric 
coating is one which would: (a) not disintegrate 
in the stomach in the duration of time that the 
enteric coated dosage form may be expected to 
remain in the stomach ; (6) release the contained 
drug immediately upon reaching the upper small 
intestine; (c) have a disintegration time in vitro 
and in vivo in intestinal fluids which is essentially 
independent of the thickness or weight of the 
coating; (d) show no change in properties under 
normal or accelerated storage conditions; (e) be 
nontoxic; (/) be easy to apply; and (g) be eco- 
nomical. Such ideals are probably impossible to 
«2ttain in practice but the closer a given coating 
japproaches them, the better the coating. 

From a practical standpoint it is more impor- 
tant to ensure that an enteric coated dosage form 
of many drugs will liberate the contained drug at 
the major site of absorption of these drugs, namely 
the duodenum and upper small intestine, than it is 


toti« 1?^®' from the Research Lai 

Upjohn Co„ Kniamaroo. Mich. 


to ensure that the coating will remain intact in 
the stomach for many hours. 

In this communication, the third in the series 
(3, 4), the ui intro evaluation of a new improved 
enteric coating is reported. This coating was re- 
cently disclosed (5). It was discovered that sty- 
rene-maleic acid copolymer forms excellent enteric 
films in combination with a micaceous mineral 
solid. Usually a plasticizer is also incorporated 
into the enteric film. Coatings prepared from 
stymene maleic acid (SY-MA) copolymer, di-n- 
butyl phthalate, and talc have excellent enteric 
properties in the dog* and human beings. Re- 
sults obtained in human subjects will be reported 
in a subsequent commtmication. One of the 
more interesting aspects of this coating is its rela- 
tively high resistance in vitro up to pH 2.6 and its 
high susceptibility to breakdown at and above 
pH 3.4; this unique property will be discussed 
subsequently, also. 

Very little investigation of the effect of dusting 
powders on the properties of enteric coatings has 


same 

tion. 


‘ i previous publication (3) were the 

me as lots BI-1 and BIII-2, respectively, in this publica- 
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been reported in the literature. It seems to have 
always been assumed, until recently, that the 
powder was inert and contributed little to the dis- 
integration beliavior of the coating. Hawkins 
and Thompson (2) investigated the effect of a 
large number of dusting powders, each at one con- 
centration level, with three different enteric 
coating solutions. Since only one concentration 
level was used in each case, it was impossible to 
detennine what real effect each dusting powder 
had on the properties of each of the coating com- 
positions. A British patent (6) disclosed that dis- 
persion of a finelv divided mineral solid in an 
enteric film-forming substance, such as cellulose 
acetate phthalate, rendered the coatings sub- 
stantially free from cracking and crazing upon 
aging. We have found that the concentration 
level of talc in three modern enteric coatings is an 
important factor in determining the disintegra- 
tion characteristics of the resultant coatings. 

Reports concerning enteric coatings in the past 
have always stressed the differences in results 
achieved with the various enteric substances 
In this communication it is stressed tliat one 
should not compare enteric substances unless one 
takes into consideration the amounts of the en- 
teric substance and the dusting powder em- 
ployed. Also certain empirical relationships 
which are useful in predicting the properties of 
enteric coatings and in comparing one type of 
coating with another are presented. 


EXPERIMENTAL 


Materials. — The styrene-maleic acid copolymers 
used were obtained by complete hydrolysis of 
styrene-maleic anhydride copolymers. The latter 
were prepared by conventional polymerization 
techniques (7, 8. 9). The type 1 copolymer had a 
considerably greater molecular weight than the type 
2 copolymer. Further details may be found in 
reference (5). The starch acetate phthalate was 
S.A.P. Ill described in the previous publication (4) 
of this series. The cellulose acetate phthalate was 
described previously (4). Other materials were; 
di-n-butyl phthalate i»140.3 (Eastman Organic 
Chemicals), methyl ethyl ketone (Shell Develop- 
ment Corp.). and U. S. P. supreme talc (Sierra 
Talc and Clay Co.). 

Enteric Coating.— The properties of the com- 
pressed and subcoated tablets prior to enteric 
coating are shown in Table I. The subcoated 
tablets w'ere coated with diflcrcnt enteric coating 
solutions (sec Table II) by conventional pan coating 
techniques. In most cases talc was used as a dusting 


awder. 

In study .4, two lots of suljcnatcd tablets were 
iteric coated with solution AI and two lots of the 
ime subcoated tablets were enteric coatetl rvith 
dution 4 1 1 Talc was used as a dusting powder on 
:,e lot coated with solution .41 and on one lot 
>ated All. No dusting powder was applied to the 


second lots coated with solutions .41 and .411. Tlit 
tablets of all four lots were coated with an averagt 
of S0.9 mg. of SY-M.A copolymer per tablet. For 
the lots coated with talc and solutions AI and .411, 
the average weight of the enteric coating per tablet 
was 125 and 127 mg., respectively. 

In study B, lots of subcoated tablets were co.atnl 
with coating solutions BI and BII shown in Tabic II 
and with solution Bill, containing cellulose acet.itc 
phthalate. Solution Bill was prepared according 
to c.\ample 1 of reference (6). In study B the weight 
of enteric poK-mer applied per tablet was held 
essentially constant but the amount of dusting 
powder applied per tablet varied from lot to lot. 
Lots BI-1, BI-2, BII-1, and BII-2 were all coated 
with an average of 25 mg. of styrene-malcie acid 
copolymer per tablet. The weight of talc applied 
per tablet, however, varied from 91 to 147 mg. 
Lots BIII-1, -2, and -3 were coated with approxi- 
mateh' the same amount of cellulose acetate phtlial- 
ate per tablet, namely 13.5 ± 1.5 mg. The weight 
of talc applied per tablet was varied from 49 to 
•88. 7 mg. 

In stud}' C, lots of 10,000 subcoated tablets were 
coated with coating solutions Cl, CII, and Clll 
(sec Table II). After a definite amount of enteric 
coating had been applied some of the tablets of 
each batch were withdrawn and dried. In study C 
both the tveight of enteric pofi'iner and the weight 
of talc applied was increased from lot to lot for a 
given enteric polymer but the ratio of talc: enteric 
polymer remained essentiall}' constant. For lot" 
CI-1 through CI-6 this ratio averaged 3,09, with 
range of 2 91 to 3.21, For lots CII-1 throiigl 
CII-(> this ratio averaged 2.85, with a range of 2.5. 
to 3.05. For lots CIII-1 through CIII-5 this mth 
averaged 2.71 with a range of 2.55 to 2.79. 

Enteric Coated Tablets. — The resistances of th 
four lots of enteric coated tablets, which wer 
coated in study A, to simulated gastric flni' 
U. S, P. .and their disintegration times in artificia 
intestinal fluid. pH 0.9, are shown in Table III. 

Tables 14'’ and V give the properties of the cntcrii 
coatings produced in studies B and C, respectively 
The thicknesses of the enteric coatings on the sidi 
and edge of the tablets of lots CI-1 througli CM 
arc plotted in Fig. 7. These thicknesses wen 
determined b}' individual!}' incastiring 100 eiilerif 
coated and 100 subcoated tablets of each lot wilh a 
micrometer reading to 0,001 ineb. 

In vitro disintegration tests were carried out using 
the apparatus, fluids, and end points described in n 
previous publication (3). In study C, some of the 
lots were tested in artificial intestinal fluid, pH 0.9 
by two methods: (a) by placing the tablets directly 
into fluid, and (t) by putting the tablets in siimthited 
gastric fluid U. S. P. for two hours then transferring 
them to the other fluid. As before (3) the average 
disintegration time of each enteric coating, 1'f, m 
the pH 0.9 fluid was assumed to be the diflerence 
in the average disintegration time of the whole 
enteric coated tablet and the average <lisintegr;ition 
time of the crjrresponding subcoated tablet. I he 
average time to the coating attacked end point in 
simuhited gastric fluid U. S, P.. Tg, was also <leter- 
mined as descrilK-d previously (3). The M.’iiid.iro 
errors, .S’r.. AVo and AVf of the averages T,. 7o and 
Tf, respectively, are aby) given in Tables I\ and 4- 
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Table I. — Properties or the Compressed and Subcoated Tablets Prior to Enteric Coating 


•Subcoated Tablet**- 


I.ot of KtUcnc 

Compressed Tablet 

Av Wt , Punch Size 

Av Thickness, m 

Av Wt, 

Av. Vol 

Av Disintegration 
Time6 :i: SEC 

. Coated 1 ablets 

Gm 

and Shape m 

Edge 

Side 

Gm 

cu mra 

Mm 

CI-lto-6; CII-lto-6: CHI- 

0 41S 

Vs oval 

0 414 

0 211 

0 676 


7 4 ± 0 6 

1 to -5 

BI-1 and -2; BII-1 and -2 

0 426 

’/s oval 

0 407 

0 207 

0 542 

301 

4 8 ± 0.2 

BIII-1 

0 266 

Vs oval 

0 405 

0 199 

0 376 


2 0 

BIII-2 and -3 

0 437 

Vs oval 

0 403 

0 214 

0 543 

305 

8 8 ± 0 3 


« The sitbcoatings %\crc of the carboxymethyl cellulose type described m U S pat 2,603,437 (1954) 

f> A^eragc disintegration time of the subcoated tablets in artificial intestinal fluid, pH C 9, using the U S P apparatus 
The end point was taken when 99 to 100% of the entire tablet was through the screen of the disintegration apparatus 
f Standard error of the a\ crage 


Table II — Composition or Coating Solutions 


Ingredient 


All 


—Solution- — 
BII 

Cl 

CII 

cm 

tyrene-maleic acid copolymer (type 1) 
t>Tene-maleic acid copolymer (type 2) 
tarcli acetate phthalate 

5 

15 

15 625 

15 625 

20 

20 

12 5 

fi-M-butyl phthalate 

0 6 

1 8 

1 875 

1 875 

2 4 

2 4 

1 5 

Icohol 3A, g. i. 

qua! parts of alcohol 3A and acetone. 

V 

V 

V 

^J 

V 

V 


g 5. 

lethyl ethyl ketone, g s 







V 


° Concentration expressed as % w/\ Check marks indicate solvent used for particular solution 


Table III — Disintegration Behavior of Tablets Produced in Study A 


impressed tablet 
ubcoated tablet 

Interic coated tablet (solution AI , no talc) 
Interic coated tablet (solution AI + talc) 
intenccoated tablet (solution All, no talc) 
nteric coated tablet (solution All + talc) 


0 5 d= 0 
4 5 ± 0 18 
9 25 ± 0 62 

17 4 dfc 1 00 
8 75 db 0 44 
17 7 ± 0 36 


Disintegration Tests, Time in Minutes 


Tc 


0 


4 75 

12 9 
4 25 

13 2 


0 4 ± 
2 5 ± 
12 8 ± 
, 238 ± 

\>233 
11 6 ± 
/ 251 ± 

(>300 


/ 


r , ± sth 
0 “ 

0 19- 

1 94“ 

40“ (180 ± 5 7 
“(> 202 )‘ 

0 92“ 

26“ (204 ± lO)"), 
“( 255 ± 24 )‘/ 




“ End point taken when 99 to 100% of tablet was through the screen of U S P disintegration apparatus 
* Coating slightly attacked end point 

“ Two separate tests One test was terminated at six hours and since one or more tablets had not reached the end point the 
ue average could not he computed 


Evaluation of Enteric Coatings. — Adequate cvalu- 
tion of an enteric coating necessitates both tn mtro 
ttd in vivo tests Interpretation of the effect of 
ifferent variables on the in vilro disintegration 
ehavior of an enteric coating and comparison of 
ifferent enteric coatings may conveniently be made 
y use of such plots as shown in Figs 1 through 6 
'or a wide variety of enteric coatings the points on 
dch plots can be fitted by the equations of the 
traight line, F = oa- + 5 or F = ax or by a simple 
olynomial of the type Y — ax + bx^ The slopes 
f the lines 'and their position characterize a given 
ype of coating Direct comparison of two different 
Dating systems may also be made by comparison 
f the slopes of the lines obtained for these different 
ystems on the same tj'pe of plot 
Values of disintegration time are slightly lower 
■’hen the tablets are placed directly into artificial 
fitestinal fluid than when they are tested in the 
aine fluid following two hours in simulated gastric 
luid Practically, the difference is insignificant 
■nd in most cases a significant difference cannot be 
hown between two such individual values at a high 
evel of confidence However, when plotting the 
iata the difference is important When values of 


disintegration time in artificial intestinal fluid 
following gastric fluid are plotted against such 
abscissas as average weight of enteric coating, 
average weight of enteric polymer, etc , the lines 
obtained cannot be extrapolated to pass through the 
origin Usually such lines have a negative intercept 
(e g , see Fig 1) However, when the average 
disintegration times obtained by direct immersion 
in artificial intestinal fluid are plotted against similar 
abscissas, lines are obtained which do pass through 
the origin when extrapolated (see Figs 3 through 6) 

DISCUSSION 

Three separate but interrelated studies are re- 
ported in this communication 

Study A compared coatings prepared from SV-MA 
copolymer and dibuty! phthalate, with and without 
talc, at one level of SY-MA copolymer and one level 
of talc The enteric polymer was applied to the 
tablets as solutions of two different concentrations 
Study B compared coatings prepared from SY- 
MA copolymer and cellulose acetate phthalate 
For each enteric polymer lots of tablets were coated 
with constant amounts of the enteric substance but 
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Table H' — Properties of Enteric Coatings Produced in Study B 


Vol. 49, Xo.3 


^ . ■Disintegration Tests s 

Avera£:c Weight Simulated 



Applied/Tablet, mg 
Enteric 

/ — Average Amount of Coating ± Standard Error — • 
Volume, Weight.® Thickness,® Inches X 10* 

Intestinal, pH G 9 
After Gastric 

Gastric Fluid, 
pH 1 2 

7^ ± Sts 

Lot 

Polymer 

Talc 

cu ram 

mg 

Edge 

Side 


Tt zt Sti 

Tc 

BM 

25 

91 

40 0 i 1 2 

SI ± 3 5 

S 8 ± 0 S 

7 C ± 0 

5 

15 1 ± 0 3 

10 3 

2S5 ± 2G 

BII-1 

25 

130 

5S 4 i 3 1 

13S ± 3 5 

10 I rt 0 5 

10 0 ± 0 

3 

41 0 ± 0 4 

30 2 

232 5 li: G.G 

BII-2 

25 

129 

r.5 0 ± 2 2 

13S =t 3 1 

10 I ± 0 5 

11 2 ± 0 

4 

41 3 ± 0 7 

30 5 

235 ±0,1 

BI 2 

25 

147 

07 5 ± I 9 

150 ± 3 5 

10 S ± 0 4 

11 5 ± 0 

3 

40 S ± 0 3 

42 0 

225 ± 10 0 

BIII-l 

13 4 

49 


45 ± 2 1 

3 7 ± 0 2 

3 3 ± 0 

5 

14 S ± 0 5 

12 S 


BIII-2 

12 

57 4 

34 2 ± 1 5 

73 ± 3 0 

4 G ± 0 3 

0 3 ± 0 

4 

43 S ± 0 G 

35 0 

> 120 

Bni-3 

15 

8S 7 

40 0 

91 i 3 1 

0 5 ± 0 5 

7 5 =b 1 

0 

CO 0 

51 2 



° Based on 20 individually measured enteric coaled and siibcoatcd tablets 


Table — Properties or Enteric Coatings Produced in Study C 


Av Wt Applied ' nisintegration Tests. Time in Minutes- 



Per Tablet, mg 

Av W 

t of 



Intestinal 

1. pH 0 9 





Intestinal. pH i 

[5 0 



Sim Gastric 


Enteric 



Coating® 



After Gastric 






Dirccth 





Fluid, 

pit 1 2 

Lot 

Polymer 

Talc 

mg 


Tt : 

t STc 


Tc ± STt 


Tt 

=fc St, 


Tc 

-L. 

57 

V 

Fg ± 

; St, 

CM 

10 

32 

1 

33 










11 

8 

± 0 

4 

4 

4 


0 

4 

68 

± 

2.3 

CI-2 

15 

46 

4 

47 










13 

6 

± 0 

2 

6 

2 


0 

3 

110 

db 

2 3 

Cl -3 

19 7 

59 

8 

60 


14 

8 

± 0 

4 

/ 

4 ± 

0 

4 

14 

2 

± 0 

3 

C 

S 


0 

3 

125 


1 r, 

CI-4 

24 7 

77 

8 

75 


17 

3 

± 0 

5 

9 

9 ± 

0 

5 

16 

2 

± 0 

2 

8 

8 

it 

0 

3 

158 

db 

4 2 

CI-5 

29 7 

86 

4 

84 


19 

1 

± 0 

4 

11 

7 ± 

0 

5 

IS 

0 

± 0 

4 

10 

6 

it 

0 

5 

160 

± 

5 8 

CI-G 

38 1 

120 

1 

113 


23 

9 

± 0 

2 

16 

5 ± 

0 

3 

21 

3 

± 0 

2 

13 

9 

d= 

0 

3 

243 

db 

7 4 

CII-1 

9 97 

29 

8 

33 

9 









12 

1 

± 0 

2 

4 

7 

it 

0 

3 

82 

± 

2 1 

CII-2 

14 95 

45 

3 

54 

1 









15 

4 

± 0 

4 

8 

0 

it 

0 

4 

128 

± 

3 6 

Cl 1-3 

19 93 

56 

1 

70 

1 









16 

9 

± 0 

3 

9 

5 

it 

0 

3 

120 

± 

4.3 

Cl I -4 

24 90 

68 

4 

83 

7 

20 

6 

± 0 

4 

13 

2 ± 

0 

5 

21 

0 

± 0 

3 

13 

6 

it 

0 

3 

165 

± 

8 2 

CII-5 

29 as 

79 

8 

96 

7 

24 

0 

± 0 

4 

16 

6 ± 

0 

4 

23 

8 

± 0 

2 

10 

4 

it 

0 

3 

193 

± 

8 fl 

Cl 1-6 

38 25 

116 

7 

133 

3 

29 

0 

db 0 

4 

21 

6 ± 

0 

4 

27 

9 

± 1 

1 

22 

5 

dc 

0 

4 

273 

d: 

12 1 

CIII-1 

10 

27 

9 

32 

0 









29 

0 

± 1 

1 

21 

6 

it 

1 

1 

142 

dr 

13 5 

CIII-2 

15 

41 

5 

47 

5 

41 

1 

± 1 

5 

33 

7 ± 

1 

5 

41 

0 

± 1 

3 

33 

6 

dz 

1 

3 

217 

dr 

7 8 

cin-3 

20 

53, 

,8 

61 

5 

55 

0 

± 1 

7 

47 

6 ± 

1 

7 

46 

6 

± 2 

0 

39 

2 


2 

0 

295 

dr 

8 6 

CIII-4 

25 

64 

4 

73 

9 

61 

7 

± 1 

8 

54 

3 ± 

1 

8 

59 

3 

± 3 

0 

51 

9 

it 

3 

1 

397 

dr 

11 8 

CIII-5 

30 

82 

2 

91 

5 

70 

7 

± 1 

5 

63 

3 ± 

1 

5 

70 

5 

± 1 

8 

63 

1 


1 

8 

518 

dr 

15 0 


“ The weight of coating is the diiTerence in weight of 500 enteric coated and 500 siibcoatcd tablets 



Pig. 1.— A plot of average disintegration time of 
the enteric coating in artificial intestinal fluid, pH 
6 ^ {Tc in minutes) again'^t the average weight of 
enteric coating per tablet (lie. in iniihgranisj 
Coatings: • - - - • cellulose acetate f ;••• 

Soan SO, propvlenc glycol, and talc. RIII-1, 

r'iand-S); O SV-.MAcopoI.viner(typc 

\) dibutvl pbthalate. and talc. (Lots BI-1. -2. and 
BlI-l. -2.) 



Fig 2 — A plot of average disintegration time of 
the enteric coating (7V, in minutes) iigainst tlir 
average v.cigbt of talc applied [ler talilct (in milli- 
grams; Coalings: celbilo'e acetate pbtb il- 

ate. Span SO, propvlene glvcol, and talc. (IX'ts 

BUM, -2, and O O SV-MA ropolemer 

(type I;, dibulyl pbtb.d.ite. and talc. (Ia>ts IiI-1, 
-2, and BII-I, -2 ) 
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Fig. 3, — A plot of time (in minutes) to tlie coating 
attacked end point in simulated gastric fluid U. S. P. 
(Tg) against average disintegration time of the 
enteric coating (Tc, in minutes) in artificial intes- 
tinal fluid, pH 6.9, when the tablets were placed 

directly into the latter fluid. Coatings; O O 

SY-MA copolymer (type 2), dibutyl phthalate, and 
talc. (Lots CI-1 through -6); O - - - - O SY-MA 
copolymer (type 1), dibutyl phthalate, and talc. 

(Lots CII-1 through -6); O O starch 

acetate phthalate, dibutyl phthalate, and talc 
(Lots CIII-1 through -5.) ^'crtical and horizontal 
bars are 99% confidence intervals about the mean 
ordinate and abscissa values, respectively. 

different amounts of talc so that in each case the 
ratio of talc ; enteric polymer varied from lot to lot. 

Study C compared coatings prepared from SY-MA 
copolymer and starch acetate phthalate. In both 
cases dibutyl phthalate was used as plasticizer. For 
each enteric polymer, lots of tablets were coated with 
variable amounts of enteric polymer and talc but 
the ratio of talc to enteric polymer remained essen- 
tially constant from lot to lot. 

In order to completely elucidate the relative 
effects of talc and enteric substance on the dis- 
integration behavior of the resultant coatings it 
would be necessary to do a fourth type of study in 
which constant amounts of talc but variable amounts 
of enteric polymer were applied to a series of lots of 
tablets. In practice this type of study is the most 
difficult to perform due to the nature of the pan 
coating process. 

Results of studies A and B indicate that not only 
^ IS the dusting powder important from the standpoint 
: of the process of enteric coating in the pan and the 
^ production of smooth coatings, but also the presence 
or absence and the amount of dusting powder used 
with a given enteric polymer largely determines the 
disintegration behavior of the coatings. Changing 
the talc-.enteric polymer ratio or changing the 
amounts of dusting powder and polymer per tablet 
(keeping the ratio constant) changes the disintegra- 
tion time of the coatings to a different degree for the 
various coating systems. 



Fig. 4. — A plot of average disintegration time of 
the enteric coating {Tc,m minutes) when the tablets 
were placed directly into artificial intestinal fluid, 
pH 6.9, against the average weight of enteric coat- 
ing per tablet (ff'e in milligrams). Coatings: 

O O starch acetate phthalate, dibutyl 

phthalate, and talc. (Lots CIII-l through -5): 

O O SY-MA copolymer (type 1), dibutyl 

phthalate, and talc. (Lots CII-l through -6); 

O O SY-MA copolymer (type 2), dibutyl 

phthalate, and talc. (Lots Cl- 1 through -6.) Ver- 
tical bars are 99% confidence intervals about the or- 
dinate values. 


Figures 1 and 2 (derived from data of study B, 
Table IV) indicate that the amount of talc applied 
per tablet has a marked effect on the disintegration 
time of both types of coatings in artificial intestinal 
fluid. From these and similar plots it has been 
found that the effect of talc on disintegration time 
seems to be least for SY-MA copolymer coatings, 
intermediate for starch acetate phthalate coatings, 
and greatest for cellulose acetate phthalate coatings. 
However, resistance to simulated gastric fluid is 
largely determined by the amount of enteric polymer 
applied per tablet. Incorporation of a minimum 
amount of the dusting powder into the enteric film 
usual!}'- is essential to get satisfactory acid resistance 
but an increase in the amount of the dusting powder 
does not confer increased acid resistance. Because 
of the variable loss of dusting powder from lot to 
lot, plots based on the weight of coating, like Fig. 1, 
usually are more useful for predicting than plots 
based on weight of powder applied, like Fig. 2. 
If one assumed that no enteric polymer or plasticizer 
was lost in the coating pan (or the tablets were 
assayed for enteric polymer and plasticizer) then a 
more accurate plot of the type shown in Fig. 2 could 
be constructed. 

Some of the variables involved in study C are 
plotted in Figs. 3 through 7. These plots are valid 
only for the ratios of talc -.polymer employed. 

When interpreting a plot of the type shown 
as Fig 6 one must remember that the average talc 
applied: polymer applied ratio is 3.09 and that the 
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O O starcli acetate phthalatc, dibut\l 

phtlnhtc. and talc (Lots CIII-1 through 5), 
O - O SY MA copohnier (tjpc 1), dibuttl 
phthalatc, and talc (Lots CII-1 through 0), 

A A SY'MA copohmer (t\pe 2), dibutjl 

phthahte, and talc (Lots Cl 1 through 6) Verti 
cal birs are OO'vc confidence intervals about the or- 
dinate values 

talc as well as polvnicr at each level is infiucnciiig 
the intestinal disintegration tune of the coating 
The tvpe of plot shown in Fig 3 is an important 
one for comparison of different enteric coatings 
Figure 3 illustrates that the rate of mere isc of gastric 
resistance in relation to increase in intestinal dis 
integration tunc is greater for the SY-M A copolv iner 
coatings than for the starch acet itc phthalatc 
coatings Comparison of the slopes of the lines at 
anv given Tc value can be made bv differcntnting 
the equation 7g = j-17f-fO 045 Tc' for the starch 
acet ite phthalatc coitings as follows 

(LZJ =5 4-1- 0 O') Tc 

dTc 

\\3icn Tc = 10 minutes, the mstantaneoiis slope is 
0 3 and when Tc = 20 minutes, the slope is 7 2 
Over the range studied the slopes for the SY- 
M\ copohmer coatings, nainelv 12 2 and ITS 
are alvvavs greater than the instantaneous slope f)f 
the line for the starch acetate phthalatc coitmgs 
There is no doubt tint the actual values of gastric 
resistance (Tg) for a given weight of enteric pohmer 
applied art higher for ly.th the cellulo-.t acetate 
phthalate and st irch acetate phthilate coating-, 
than for the SY-M \ copolv mtr coatings This is 
readilv seen m Fig 5 However, it has ly-cn sliovn 
in dogs (3) that the ti : ilro g istric resistance test is 



Fig C — A plot of average disintegration tiiiic of 
enteric coating {Tc, in minutes) when the t ihlcts 
were placed directlj into artificial intcstiiiil flmil 
pH C 9, against the av erage w eight of enteric pnlv incr 
applied per tablet (IFyoi , in milligrams) Coitmev 

O O starch acetate phthalatc, diinitv 1 phtli il 

ate, and talc (Lots CIII-l through -.'i), O 0 

SY MA copolj mcr (tv pe 1 ), dibiitv 1 phth il ite, and 

talc (Lots CII-1 through 0), A ASY-MA 

copohmer (tjpe 2), dibutvl phthalatc, and tile 
(Lots Cl 1 through -0 ) Vertical bars ire ')%c 
confidence intervals .ibmit the ordin ite values 

not as reliable an inde\ of tn tiro resist nice to 
stomach conditions as the tn i tiro mtestin-il dis 
iiitcgration test is an iiidev to in tiio intestinal div 
integration time Tablets which withstand small 
ated gastric fluid for from one to four hours iinv 
CNhibit much gre iter resist.incc to stoiii ich coiidi 
tions in the dog Two other faetors are (o) it is 
onlv access irj to protect the enteric co ited dosigi 
form 111 the slom icli for the duration of tune th it it 
ina> be c\pected to rein iin m the sloiti ich, iiid (0 
with m inv drugs it is more import iiit to ensure tli it 
the enteric co ited dos ige form will liber ite the 
contained drug in the intestines th in it is to ensiiri 
that it will rem im int let m tlie stoni ich for in ni) 
hours 

Figures 1, f, and 0 ilhistrite th it SV-M \ co 
polj mcr coatings e\hibit the lowest depeneknee of 
disiiucgr ition time in artifici il intcstin il fluid on 
weight of enteric coating or weight of enteric polvnnr 
applied when comp ireel to st irch icet itc phth il ite 
or cellulose leetitc [ilithalite eoitings This o 
extremelv import int from i m iniif ictiinng viev 
point If the t iblet coiter in lelvertentlv qiiihis 
more than the iisuil amount of enteric eoiting tl e 
effect on intestin il disintegration turn v ill hi innrh 
less for SV M V copolviner coitmgs 111 in for eitlnr 
st irch icet Ite phth il Ite or ttllnlose leilili phtlid 
ite CO itiiigs 

There his fven speculition during tin (oiliu' 
of tablets punched with i st iiid ird ov il (im r'> 
concerning which p irt of the oritiiig bnild i !’ 
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Mean Thickness of Enteric Coaling on Edge 
of Tablet ( Mils 1 


Fig 7, — A plot of average thickness of enteric 
coating on the side of the tablet (in mils) against 
average thickness of enteric coating on the edge 
of the tablet (in mils) Tablets coated with 
SY-MA copolj-mer (t 3 ’pe 2), dibiit}’! phthalate, and 
talc (Lots CI-1 through -6.) Vertical and hori- 
zontal bars are 99% confidence intervals about the 
mean ordinate and abscissa values, respectively 

faster. Figure 7 shows a plot of average thickness 
of enteric coating on the side of the tablet (i e , 
dimension of thickness of the tablet) against average 
thickness of enteric coating on the edge of the tablet 
-(i e , dimension of diameter of the tablet) This 
curve has a sigmoidlike shape, at first curving 
slightly upwards then reaching an inflection point, 
then curving downwards. Hence in this case, the 
coating on the side of the tablet built up faster than 
coating on the edge at first ; then a point was reached 
where the build-up was equal for both dimensions; 


and finally, the coating on the edge built up faster 
than the coating on the side of the tablet. 


SUMMARY AND CONCLUSIONS 


1. TJie effect of some of the variables in the 
enteric coating process on the disintegration be- 
havior of tliree modern enteric coatings was 
elucidated. 

2. Some of the properties of a new improved 
enteric coating were reported. The new coaling 
is prepared from styrene-maleic acid copolymer, 
dibutyl phthalate, and talc. 

3 Certain empirical relationships which are 
useful in predicting the properties of enteric 
coatings and in comparing one type of coating 
with another were presented. 

4 The concentration levels of talc and enteric 
polymer were both shown to be very important in 
determining the disintegration characteristics of 
three enteric coatings. 
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Fig 5 —A plot of time (in minutes) to the coating 
and end point in simulated gastnc fluid U S P 
{Tg) against the mean weight of enteric poljmer ap- 
plied per tablet ( Wp„i , in milligrams) Coatings 

O O starch acetate plithalate, dibutjl 

phthalate, and talc (Lots CIII-1 through -6) 

O O SY-MA copoljmer (type 1), dibutjI 

phthalate, and talc (Lots Cll-1 through 6), 

A A SY-MA copohmer (type 2), dibutyl 

phthalate, and talc (Lots Cl 1 through -6 ) Verti- 
cal bars are 99% confidence intervals about the or- 
dinate values 

talc as well as polymer at each level is influencing 
the intestinal disintegration time of the coating 
The type of plot shown in Fig 3 is an important 
one for comparison of different enteric coatings 
Figure 3 illustrates that the rate of increase of gastrie 
resistance in relation to increase in intestinal dis 
integration time is greater for the SY M A copol 3 'mer 
coatings than for the starch acetate phthalate 
coatings Comparison of the slopes of the lines at 
any given Tc value can be made bj’’ differentiating 
the equation Tg = 5 A Tc + 0 045 Fc* for the starch 
acetate phthalate coatings as follows 

= 54 + 0 09 Tc 

d Tc 

When Tc = 10 minutes, the instantaneous slope is 
6 3 and when Tc = 20 minutes, the slope is 7 2 
Over the range studied the slopes for the SY- 
MA copolj^mer coatings, namely 12 2 and 17 8 
are always greater than the instantaneous slope of 
the line for the starch acetate phthalate coatings , 
There is no doubt that the actual values of gastric 
resistance (Fg) for a given weight of enteric poWmer 
applied are higher for both the cellulose acetate 
phthalate and starch acetate phthalate coatings 
than for the SY-M*!. copolj’raer coatings This is 
readily seen in Fig 5 Hoivever, it has been shown 
in dogs (3) that the in vitro gastric resistance test is 
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Fig 6 — A plot of average disintegration time o 
enteric coating (Fc, m minutes) when the tablet: 
w'ere placed directlj’^ into artificial intestinal fluid 
pH 6 9, against the average weight of enteric polymei 
applied per tablet (JFppi , in milligrams) Coatings 

C3 O starch acetate phthalate, diliutj 1 phthal 

ate, and talc (Lots CIII-l through 5), O — 0 
SY-MA copoljmer (type 1), dibutvl phthalate, ant 

talc (Lots CII-1 through -6), A A SY M/ 

copolymer (tjpe 2), dibut\I phthalate, and talc 
(Lots CI-1 through -6 ) Vertical bars are 99^ 
confidence interials about the ordinate \alues 

not as reliable an mde\ of in vivo resistance to 
stomach conditions as the in vitro intestinal dis 
integration test is an index to i« vivo intestinal dis 
integration time Tablets which withstand simul 
ated gastric fluid for from one to four hours maj 
exhibit much greater resistance to stomach condi 
tions in the dog Two other factors are (a) it is 
onlj' necessarj^ to protect the enteric coated dosage 
form in the stomach for the duration of time that it 
maj' be expected to remain in the stomach, and (&) 
with manj' drugs it is more important to ensure that 
the enteric coated dosage form will liberate the 
contained drug in the intestines than it is to ensure 
that it will remain intact in the stomach for manj 
hours 

Figures 1, 4, and 6 illustrate that SY-MA co 
polj'mer coatings exhibit the lowest dependence of 
disintegration time m artificial intestinal fluid on 
xveight of enteric coating or w eight of enteric polj mer 
applied when compared to starch acetate phthalate 
or cellulose acetate phthalate coatings This is 
extremelj’^ important from a manufacturing view- 
point If the tablet coater inadvertently applies 
more than the usual amount of enteric coating the 
effect on intestinal disintegration time will be much 
less for SY-MA copolj'mer coatings than for either 
starch acetate phthalate or cellulose acetate phthal 
ate coatings 

There has been speculation during the qoatmg 
of tablets punched with a standard oval punch 
concerning which part of the coating builds up 
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Mean Thickness of Enteric Cootmg on Edge 
of Tablet (Mils 1 

Fig — A plot of average thickness of enteric 
coating on the side of the tablet (in mils) against 
average thickness of enteric coating on the edge 
of the tablet (in mils) Tablets coated with 
SY-MA copolymer (type 2), dibutyl phtlialate, and 
talc (Lots CI-1 through -6 ) Vertical and hori- 
zontal bap are 99% confidence intervals about the 
mean ordinate and abscissa values, respectively 

faster. Figure 7 shows a plot of average thickness 
of enteric coating on the side of the tablet (i e , 
dimension of thickness of the tablet) against average 
thickness of enteric coating on the edge of the tablet 
'■(i e , dimension of diameter of the tablet) This 
curve has a sigraoidlike shape, at first curving 
slightly upwards then reaching an inflection point, 
then^ curving downwards Hence in this case, the 
coating on the side of the tablet built up faster than 
coating on the edge at first , then a point was reached 
where the build-up was equal for both dimensions, 


and finally, the coating on the edge built up faster 
than the coating on the side of the tablet, 

SUMMARY AND CONCLUSIONS 

1 The effect of some of the variables in the 
enteric coating process on the disintegration be- 
havior of three modern enteric coatings was 
elucidated. 

2 Some of the properties of a new improved 
enteric coating were reported. The new coaling 
is prepared from styrene-maleic acid copolymer, 
dibutyl phthalate, and talc 

3 Certain empirical relationships which are 
useful in predicting the properties of enteric 
coatings and in comparing one type of coating 
with another were presented. 

4 The concentration levels of talc and enteric 
polymer were both shown to be very important in 
determining the disintegration characteristics of 
three enteric coatings. 
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Enteric Coatings IV* 


In Vivo Testing of Granules and Tablets Coated With 
Styrene-Maleic Acid Copolymer 

By JOHN G. WAGNER, WILLIAM VELDKAMP, and STUART LONG 


Preliminary tests in human subjects have indicated that the period of time which 
tablets coated with styrene-maleic acid copolymer, dibutyl phthalate, and talc resist 
the stomach contents of human subjects appears to be well predicted by an in vitro 
test in simulated gastric fluid U. S. P. Both freshly coated granules and stability 
samples of tablets coated with this formulation disintegrated rapidly in the small 
intestine of the dogs and human subjects, respectively. The site of disintegration 
was the duodenum or jejunum where optimal absorption of many therapeutic agents 

would be expected. 


Tn 1933, Lozinski and Diver (1) introduced 
the use of roentgenoscopy with barium sulfate 
tablets and the barium meal to follow the path of 
enteric coated tablets through the stomach and 
into the intestine. A year later Bukey and 
Brew (2) introduced reontgenography to follow 
the path of enteric coated dosage forms through 
the gastrointestinal tract of human subjects. 
Roentgenoscopy and roentgenography have be- 
come accepted as classicl methods to study en- 
teric coated dosage forms and many investigators 
have reported such studies during the past 
quarter century. 

One of the difficulties with the methods was 
pointed out by Garland (3) who noted that there 
could be a great difference between disintegra- 
tion and absorption depending on what part of 
the intestine the dosage form had reached when it 
disintegrated. It is evident that man}^ drugs are 
absorbed faster and more efficiently in the proxi- 
mal parts of the small intestine. Convreur, 
el al. (4), stated that an excellent enteric coating 
should logically be disintegrated in the first part 
of the small intestine in order to allow optimum 
absorption of the mass medication. Hence, an 
enteric coated dosage form which protects the 
drug in the stomach but releases the drug rapidly 
once the dosage form enters the small intestine 
would be optimal for these drugs. 

Some enteric coated tablets and capsules do 
not disintegrate very rapidly in the small intes- 
tine while others have been reported to disinte- 
grate quite rapidly. We have calculated from the 
data of Crane and Wruble (5) that 174 tablets 
freshly coated with ammoniated shellac were 
emptied from the stomachs of human subjects 
after an average time of 3.61 hoius (standard 


* Received August 13, 1939, from the Research Labora- 
tories of The Upjohn Co., Kalamazoo, Mich. . „ , _ 

The authors wish to express their gratitude to Ur. ). 
Volderauer who exposed and interpreted the roentgenograms 
in the clinical trials and to Dr. J. P. Webb who arranged 
the clinical testing. 


deviation 1.47 hours) and disintegrated in th 
small intestine after an average time of 2.55 houi 
(standard deviation 1.08 hours). One lot c 
tablets coated with ammoniated shellac wa 
tested initially and after storage for one year a 
room temperature. None of the freshly coatei 
tablets remained intact in the small intestini 
whereas 7 out of 35, or 20 per cent, of the one 
year stability sample did remain intact in thi 
small intestine. Similarly, Tarnowski (6) re 
ported that shellac coated PAS granules pro 
gressively change in in vitro and in vivo disintegra 
tion behavior releasing drug much slower as thej 
age at room temperatrue, and Hinkle (7) re 
ported that radiologists observe many intaci 
enteric coated dosage forms in the distal parts oi 
the intestinal tract. The only conclusion with 
respect to intestinal disintegration time that can 
be drawn from the studies of Hodge, Forsyth, 
and Ramsey (8) is that most of the tablets and 
capsules coated with cellulose acetate phthalate, 
which they tested, apparently disintegrated from 
within a few minutes to up to four hours after the 
coated dosage forms left the stomach and entered 
the intestines of human patients. Convreur, 
el al. (4), reported that in five human subjects 
tablets containing barium sulfate and radio- 
active iodide and coated with cellulose acetate 
phthalate-diethyl phthalate emptied from the 
stomach after an average time of 2.63 hours (range 
1.5 to 4.3 hours) and disintegrated in the intes- 
tines within ten to twenty minutes after passing 
through the pylorus. The same authors reported 
results obtained in two other patients in whom 
different tablet cores but with the same coat-- 
ing were tested. They reported that in these 
patients the resistance of the coating was 
too high and that the tablets were probably 
in the cecum or descending end of the sigmoid be- 
fore the coating ruptured. Other investigators 
(9, 10) pointed out that certain enteric coatings 
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containing cellulose acetate iihtliatate allow re- 
lease of Use inedicaincnl in the stomach and will 
not pass the accepted test for enteric coatings 
particularly after aging. 

After testing many of the known enteric 
coatings we became acutely aware that they all 
suffered from basic deficiencies. The previous 
communication (11) described an improved en- 
teric coating prepared from stvrcne-maleic acid 
copolymer, dibutyl phthalate, and talc. Pre- 
liminary in I’h’o testing of granules and tablets 
coated with this formulation by the roentgeno- 
graphic method are described in this report, 

EXPERIMENTAL 

Enteric Coated Tablets. — In the clinical studies 
with human subjects three different stability 
samples of enteric coated barium sulfate tablets 
were tested. The composition of these lots, CI-3, 
Cl -6, and BI-1, have been described previously (11). 
Two of the lots, CI-3 and CI-6, were stored for 
five months at room temperature and one lot, BI-1, 
was stored for twelve months at 40° then for four 
months at room temperature before administration 
to the subjects. 

Protective Coated Granules. — Pill starters con- 
taining 50% by weight of barium sulfate were 
prepared by applying a mixture of barium sulfate 
_U. S. P., talc, starch, and cane sugar to sugar 
/ crystals in a pill tub using a water spray. In both 
simulated gastric fluid U. S. P., pH 1.2, and simu- 
lated intestinal fluid U. S. P., pH 7.5, the unprotected 
pill starters were completely disintegrated to a fine 
. powder within one minute. The protective coating 
solution was prepared from 127.5 Gm. of styrene- 
maleic acid copolymer, 15.3 Gm. of di-n-butyl 
^ phthalate, 850 ml. of S. D. alcohol 3A, anhydrous, 
' and 25.5 ml. of mineral oil U. S. P. In the prepara- 
tion of Lot 1 an amount of 566.5 ml. of the above 
solution was applied in 22 aliquots to 2,300 Gm. 
(approx. 1.75 million granules) of the piU starters 
using 350 Gm. of a mixture of 80 parts by weight 
U. S. P. supreme talc and 20 parts by weight of 
magnesium stearate as a dusting powder. One-half 
of these coated granules were coated further with 
309 mi. of the above solution, applied in 23 aliquots, 
using 150 Gm. of the same powder mixture as a 
dusting powder to produce Lot 2. Each lot of 
coated granules was dried for seventy-two hours at 
105° F. The physical properties of the coated 
granules are shown in Table I. 


Table 1. — Physical Properties of Coated 
Granules 


^Average diameter, mils 

Average thickness of pro- 

Lot 1 

Lot 2 

44 0 

46.3 

tective coating, mils 

Average weight of protective 

1.6 

2.75 

coating, mg./granule 

Average weight of SY-MA 
copolymer applied, mg./ 

0.25 

0.44 

granule 

0 047 

0.099 


Since quantitative determination of the barium 
sulfate liberated from such a coated product would 
present great experimental difficulties disintegration 
tests carried out on these granules in various buffers 
utilized only a visual end point. In each test one 
hundred granules were enclosed in a glass tube which 
was fitted with a No. 20 mesh screen at each end. 
The tube was suspended from the arm of the U. S. P. 
disintegration apparatus and allowed to move 
through 100 ml. of buffer at 37°. Results obtained 
on Lot 2 arc summarized in Table II. 

Clinical Testing of Enteric Coated Barium Sulfate 
Tablets by X-ray Techniques. — ^Three adult, healthy 
male human subjects were administered two or six 
of the enteric coated barium sulfate tablets with a 
glassful of water. In all tests except one (J. G. W. 
with lot BI-1 ) the subjects ate a normal lunch, had a 
cup of coffee at 3:00 p. m,, swallowed the tablets 
followed by a glassful of water at 5:00 p. m., then 
ate a light but normal supper at 6:00 p. m. When 
J. G. W. was administered lot BI-1 the subject ate a 
normal lunch at 12:30 p. m. and had a cup of coffee 
at 3:00 p. m. Two tablets were taken at 5:00 
p. m., two tablets at 6:00 p. m., and two tablets at 
6-30 p. m., in each case with a half glassful of water. 
In each test the first X-ray film was exposed at 7:00 
p. m. ± five minutes. The tablets were then 
followed thereafter by means of the fluoroscope and 
X-ray films. The details of the food eaten by the 
subjects and the interpretations of the individual 
films made by Dr. J. C. Volderauer, the radiologist, 
are too lengthy to be reported in detail here. Six- 
teen of the tablets remained in the stomachs of the 
subjects during the observation period. Table III 
summarizes results obtained with these tablets. 
Twelve of the tablets emptied from the stomach and 
disintegrated in the small intestine during the 
observation period. Table IV summarizes the 
results obtained with the latter tablets. It is of 
interest to note that when tablets coated with 
styrene-maleic acid copolymer, dibutyl phthalate, 
and talc disintegrate in the small intestine they dis- 
integrate very rapidly and completely, similar to 
their in vitro behavior in simulated intestinal fluid, 
pH 6.9. 

Testing the Protective Coated Granules in the 
Dog by X-Ray Techniques. — The first two experi- 
ments tested the disintegration rate of the un- 
protected pill starters in the stomachs of dogs. A 
pink No. 3 capsule containing approximately 300 
unprotected pill starters was administered to a 
dog which had been starved for twenty-four hours. 
A roentgenogram taken one and three-quarters of a 
minute later disclosed the intact capsule in the 
stomach of the dog. A roentgenogram taken five 
minutes after the first one disclosed that the capsule 
had broken and that all of the granules had dis- 
integrated. A third roentgenogram taken five 
minutes later showed the barium sulfate well dis- 
persed. 

A pink No. 3 capsule containing approximately 310 
unprotected pill starters was administered later the 
same day to the same dog. A roentgenogram taken 
one minute later showed the gelatin capsule in the 
process of breaking. A roentgenogram taken two 
and one half minutes after administration showed 
that the capsule had broken and that the granules 
had disintegrated. Additional plates taken four 
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Table II — Disintegration Tests on Protective Coated Granules, Lot 2 


Buffer 

Buffer Ingredients 

Time 

Observations 

1 2 

HCl-NaCl-pepsin 

Up to 5 hr. 

No sediment, all granules still intact 




on screen 



6 hr 

95% of granules still intact and quite 


HCl-NaCl-pepsin 


spherical but soft 

2 7 

0 6 hr 

Fluid turbid; some sediment 



1 hr 

About 75% of granules intact 



2 hr 

About 50% of granules disintegrated 



3 25 hr 

Most granules remaining had cracked 


HCl-Potassium acid 

5 hr 

coatings 

About 75% of granules disintegrated 

3 2 

9 min 

Slight residue but most granules intact 


phthalate 

12 min 

Most granules disintegrated 



16 min 

Only fine powder remaining at bottom 

4 0 

Potassium acid 


of beaker, all granules disintegrated 
and through the screen 

9 min 

All granules disintegrated and through 


phthalate 


the screen 

7 0 

KHjPOi-NaOH 

1 min 

Fluid cloudy 



5 mm. 

About 95% of granules disintegrated 



7 min 

All granules disintegrated and through 




the screen 


Table III — Comparison of Results Observed in Man, Where Tablets Remained in the Stomaci 
During the Observation Period, to In Vitro Test in Simulated Gastric Fluid 


Tablet Lot 

CI-6 Stored five months 
at room temp. 


CI-3. Stored five months 
at room temp. 


BI-1 Stored twelve 
months at 40°, then 
four months at room 
temp. 


-In Vno Results in Man 




Time Film 






Showed 






Intact 

Time Film 

In Vllro Test 

Compansoo 

Subject 

No of 

Coatings, 

Shoned Coating 

Av Time ± S E “ 

Av tn KiroTime 

Tablets 

min 

Broken, Min 

min 

Av tn Vtlro Tim 

D H G 

1 

239 

327 



CAS 

2 

240 

329 



J G W 

1 

181 

241 



J G W 

1 

241 

311 

Av 307 

270 ± 11 

307 1 1 

270 1 

D H G 

1 

121 

180 


C A. S 

2 

120 

178 



C. A. S 

2 

210 

240 

Av 203 

164 ± 4 7 

203 1 2 

164 1 

>300 

D. H G. 

2 

300 

Not deter- 

Unaffected 

C. A. S. 

4 

300 

mined 

after 7.5 hr 

>450 


° Average db standard error to coating broken end point in simulated gastric fluid U S P (pH 1 2) The coating broker 
end point is deflned as that end point iihere the coating has broken sufliciently so that disintegration or solution of the tablet 
Itself has begun 


and one-quarter, five and three-quarters, and seven 
and one-half minutes after administration showed 
the barium sulfate well dispersed in the stomaeh 
as a powder. 

The third experiment tested the resistance of the 
proteetive coated granules, lot 2, to the stomach 
contents of the dog, and the fourth experiment 
disclosed the site and rate of disintegration of the 
granules in the duodenum and small intestine In 
the third experiment a No 1 gelatin capsule con- 
taining about 325 protective coated granules, lot 2, 
was administered to a dog which had been starved for 
about seventeen hours The amount of barium 
sulfate administered in this case was about 0 214 
Gm or 0 67% of the usual 30-Gm dose given for 
gastrointestinal tract visualization Films taken at 
intervals of ten, thirty, forty-five, sixty, seventy- 
five, ninety, and one hundred and five minutes 
after administration revealed the granules clustered 
in the stomach. A film taken two hours after 


administration had a much less intense spot from 
the granules in the stomach indicating that many 
of the granules had emptied from the stomach. A 
film taken fifteen minutes later indicated that all 
the granules had emptied from the stomaeh. 

In the fourth experiment a No 11 veterinary 
capsule containing approximately 6,940 granules of 
lot 2 was administered to a dog which had been 
starved for sixteen and one-half hours Results of 
the experiment are shown in Table V. 


DISCUSSION 

The time which tablets enteric coated with 
styrene-maleic acid copolymer, dibutyl phthalatc, 
and talc resist the stomach contents of human 
subjects appeared to be well predicted by the in vitro 
test in simulated gastric fluid, pH 1.2. Similarly, 
granules coated with the same agents were resistant 
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Table IV. — Comparison of Results Obtained in Man, Where Tablets Entered the Small Intestine 
During the Observation Period, to In Vitro Test in Artificial Inestinal Fluid, pH 6.9 


No of Time from 


L, Tablet Lot 

^CI-6. After storage for 
five months at room 
temp. 

Subject 

Tablets Administration, fnin. 

D.H. G. 

1 

120 

147 and subse- 
quent films 

CI-3. After storage for 
five months at room 
temp. 

J. G. W. 

4 

123 

D. H. G. 

1 

121 and subse- 
quent films 

BI-1. After storage for 
twelve mouths at 
40°, then for four 
months at room 
temp. 

J. G. W. 

6 

30" 

30 to 45 

45 


54 


63 

65 


80 


90 


Interpretation of Roentgenogram 
Tablets intact in lower jejunum 
or upper ileum 

No trace of tablets, assumed to 
be completely disintegrated 
No trace of tablets, all four 
tablets completely disinte- 
grated 

No trace of tablets, completely 
disintegrated 

One tablet in first part of duo- 
denum and five tablets in 
about middle of jejunum 
Fluoroscopic examination in- 
dicated no change 
One tablet still in duodenum, 
five tablets in jejunum and 
at least two of these tablets 
had an uneven surface indica- 
tive they had started to dis- 
integrate 

One tablet had moved from the 
duodenum to first part of 
the jejunum and showed 
signs of disintegrating; of 
the other five tablets, one 
was disintegrated into a 
number of fragments and the 
other four showed earlier 
signs of disintegration 
Fluoroscopic examination in- 
dicated little change 
One tablet in upper jejunum 
showed more evidence of 
disintegration since the last 
film : of the other five tablets 
one was completely disinte- 
grated 

One tablet in many fragments 
and fragments lower in 
jejunum than in previous 
film; other five tablets had 
moved further down in small 
bowel and definitely dis- 
integrated 

All tablets completely dis- 
integrated and homogenous 
bolus of barium sulfate visible 


In Vitro 
Test 
Average 
± S. E., 
min.® 

30±0.7 


16 ±0.3 


31 ± 1.6 


■" Average ± the standard error of the average disintegration time in artlRmal mtestmai fluid. pH G.9. The end point was 

taken when 99 to 100 % of the entire tablet was through the screen of the U. S IL disintegr^ion apparatus. 

Thirty minutes after administration of the last two of six tablets Two other tablets had been administered sixty minutes 
before this film and the remaining two tablets ninety minutes before this film. 


to Stomach contents of the dog for at least eight 
hours and were about 95% intact after six hours in 
simulated gastric fluid. The correlation observed 
with the enteric coated tablets in the dogs (12) 
'.was not nearly as good. In the dogs the in vivo 
resistance to stomach contents was considerably 
greater than the in vitro resistance to simulated 
gastric fluid. 

All of the enteric coated tablets tested which 
emptied from the stomachs of the human subjects 
during the observation period disintegrated com- 
pletely high up in the small bowel. Even the lot 
which had been stored for twelve months at 40“ 
followed by four months at room temperature dis- 
integrated completely in the upper small bowel. 


These tablets were attacked in the jejunum, and 
although no direct correlation could be made, the 
disintegration time in artificial intestinal fluid, pH 
6.9, appeared to be a good indication of the dis- 
integration time in vivo, measured from the time the 
tablets emptied from the stomach. In interpreting 
Table IV one must remember the stomach retention 
time of the tablets is also involved. For e.xample, 
in the test of lot BI-1 in subject J. G. W. one tablet 
disintegrated completely twenty-four minutes after 
it was first observed in the small intestine and the 
other five tablets completely disintegrated fifty 
minutes after they were first observed in the small 
intestine. 

The phenomenon of slow stomach emptjdng of 
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Table V — Interpretation of Roentgenograms 
Obtained in the Fourth Experiment With the 
Dog 


Time from 
Administration, 


min. 

Interpretation of Roentgenogram 

1 55 

Intact capsule just entered the 
stomach 

14 8 

Capsule broken; coated gran- 
ules clustered in stomach 

30 1 

Grannies dispersed in the 
stomach 

45. 60, 75, 90, 

No apparent change from the 

105, 120 

above 

135 

Barium sulfate appeared in 
first loop of duodenum 

150 

Barium sulfate further down 
duodenum but less intense 
in first part of duodenum 
indicative that disintegration 
of some granules had oc- 
curred since the last film 

165 

Barium sulfate very faint in 
duodenum. Spot in stomach 
less intense than formerly 

180, 210 

Barium sulfate spreading 
throughout small bowel 

240 

More granules in duodenum 

270 

Barium sulfate dispersed and 
less intense in duodenum 
indicating disintegration had 
occurred since last film 

300 

Barium sulfate well distributed 
throughout bowel. Large 
cluster of granules still in 
the stomach 

330 

Small streak of barium sulfate 
again seen in duodenum 

420 

More barium sulfate in duo- 
denum compared with last 
film taken at 390 minutes 
Stomach spot less intense 

480 

Barium sulfate dispersed 
throughout small bowel 

Test terminated 

Cluster of coated granules still 
in the stomach but becoming 
much smaller 


coated granules which we observed in the dog is not 
necessarily restricted to granules nor to dogs It 
was reported about sixty years ago that stomach 
emptying of human beings is a first order process 
(13) The rate constants or half-times for the 
process appear to depend upon the nature of the 
material introduced into the stomach and in some 
cases it is several hours before a given test meal is 
emptied. This is evidence that possibly one of the 
factors involved in the overall sustained effect 
achieved with certain coated granule preparations is 
the stomach-emptying rate The slow stomach- 
emptying of our coated granules and rapid dis- 
integration of the small clusters as they are released 
into the duodenum indicate there may be even 
another possible mechanism of attaining sustained 
action of a drug We are merely presenting this as a 
hypothesis Our other publications (14, 15) show 
that sustained plasma 17 -hydroxycorticosteroid 
levels were achieved in human subjects who were 


administered granules containing prednisolone and 
coated with the entire formulation discussed in this 
paper 


SUMMARY AND CONCLUSIONS 


Preliminary testing of granules and stability 
samples of tablets coated with styrene-maleic 
acid copolymer, dibutyl phthalate, and talc have 
indicated the following; 

1 The period of time which the coated tab- 
lets resist the stomach contents of human sub 
jects appears to be well predicted by an vitro 
test in simulated gastric fluid, pH 1 2. 

2 The coated granules resisted the stomach 
contents of the starved dog for at least an eight- 
hour period and the granules were progressively 
emptied from the stomach of the dog over a 
period of at least eight hours 

3. All of the enteric coated granules which 
emptied from the stomach of the dog and all of the 
enteric coated tablets which emptied from the 
stomachs of the human subjects during the ob- 
servation periods disintegrated completely in the 
proximal part of the small bowel This was true 
even for one lot of coated tablets which had been 
stored for twelve months at 40® and then for four 
months at room temperature. 

4 The hypothesis is presented that slow 
stomach emptying of small coated granules 
followed by fairly rapid dissolution of small 
clusters of the granules as they enter the upper 
small intestine may be an effective method of at- 
taining prolonged action of certain therapeutic 
agents 
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Enteric Coatings Y* 

pH Dependence and Stability 

By JOHN G. WAGNER, GEORGE W. RYAN, ERNEST KUBIAK, 

and STUART LONG 


Evidence is presented that the terms “stable in acid solutions” and "soluble in alka- 
line solutions” should not be applied to enteric coatings. The enteric substances 
studied dissolve in buffers of pH less than 7 and tablets coated with these substances 
disintegrate in fluids having a pH less than 7. It was demonstrated that the critical 
pH range in which tablets coated with styrene-maleic acid copolymer show a pro- 
gressive decrease in disintegration time corresponds to a narrow pH range on either 
side of the pK,' of the copolymer. It is in this region that the greatest change tn per 
cent ionization of the copolymer occurs. Relating these in vitro data with in vivo 
data, formerly reported, will require adjustment of current concepts of enteric coat- 
ings. It was shown that the disintegration times of tablets coated with styrene- 
maleic acid copolymer, dibutyl phthalate, and talc in artificial intestinal fluid, pH 6.9, 
changed very little after storage of the coated tablets for prolonged periods at 4°, 
room temperature, 40°, and 47°. Tablets coated with the other enteric composi- 
tions exhibited either decreased resistance to simulated gastric fluid or markedly 
increased disintegration times in artificial intestinal fluids after prolonged storage. 
It was demonstrated that the average disintegration time observed after storage of 
enteric coated tablets for one month at 47° yields an excellent prediction of the aver- 
age disintegration time of the tablets after storage for two years at room temperature. 


^^HIS COMMUNICATION has two principal pur- 
poses. First, it will be shown that tlie new 
enteric coating, formerly discussed (1), disin- 
ijiegrates in vitro at pH values very much lower 
than reported for any other coating. Secondly, 
the properties of this coating will be compared to 
those of other enteric coatings, both initially and 
after aging under various conditions. 

The concept that an enteric coating is one 
which is “stable in acid solutions” but “soluble 
in alkaline solutions” should be completely 
forgotten. The basic definition of an enteric 
coating should only be in terms of resistance to 
stomach contents and disintegration in intestinal 
contents. In vitro tests are essential for quality 
control, research, and stability testing. How- 
ever, we do not believe that in vivo results can be 
predicted from in vitro tests unless a valid corre- 
lation is established first. 

During the past quarter century the in vitro- 
i« vivo correlations pertaining to enteric coatings 
have led to a trend to find coatings which dis- 
mtegrate at more and more acidic pH values 
Wruble (2) reported that below pH 6 4, am- 
tnoniated shellac coatings were quite resistant 
/hut at or above this pH the coatings showed 
I definite signs of attack. Malm, et al. (3) , showed 
that a cellulose acetate phthalate, containing 10 
per cent carboxyl, dissolved at pH 5.7 to 5.9 
under their test conditions. Wagner, et al. 
(4), showed that a starch acetate phthalate, 
containing 9.2 per cent carboxyl dissolved at pH 
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5 55 under the same test conditions. In this 
paper evidence is presented that a coating, con- 
taining styrene-maleic acid copolymer, dis- 
integrates in vitro at a pH as low as 3.7. It was 
formerly shown (5), however, that tablets and 
granules bearing such a coating possessed good 
enteric properties in the dog and man. The 
advantage of susceptibility to a lower (more 
acidic) pH is that disintegration of the coated 
dosage forms will occur in the proximal parts of 
the intestinal tract where maximal absorption 
of many drugs and foodstuffs occur. 

Few published studies of enteric coatings have 
included data concerning the stability of the 
coatings. Scoville (6), Bukey and Rhodes (7), 
and Cooper (8) discussed the stability of formal- 
ized-gelatin coatings. Sampson, et al. (9), 
reported that one lot of enteric coated quinidine 
sulfate tablets gave imperfect dissolution after 
six months storage, while another lot, after 
similar storage, gave results essentially the same 
as those obtained with freshly prepared tablets. 
Four weeks’ storage at room temperature and 0“ 
storage were utilized by Bauer and Geraughty 
(10) and Stoklosa and Ohmart (11) to evaluate 
their enteric coatings. A patent (12) discussed 
the use of low pH powders with cellulose acetate 
phthalate to improve the stability of the coat- 
ings. In this communication the stability of 
many different enteric coatings after prolonged 
periods of storage at 4°, room temperature, 40°, 
and 47° is reported. 

The criteria, by which the stability of the 
coatings were measured, were resistance to 
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simulated gastric fluid U. S P and disintegration 
time in artificial intestinal fluids, pH 6 9 and 7 5. 

EXPERIMENTAL 

Materials. — ^The styrene-maleic acid copolymer, 
starch acetate phthalate, cellulose acetate phthalate, 
dibutyl phthalate, and talc have been described pre- 
viously (1, 4) Sorbitan monooleate used was Span 
80 (Atlas Powder Co ) 

Resin SC-2 was obtained from Monsanto Chemical 
Co This resin contains styrene and maleic an- 
hydride residues but is not a straight stwene-maleic 
acid copolymer The resin was hydrolyzed by the 
method of Ferry, ei o/ (13) The hydrolyzed Resin 
SC-2 was dried for three days at 101 °F and 10% 
relative humidity 

The compositions of the various artificial gastric 
and Intestinal fluids used in this study are shown in 
Table I 

Enteric Coated Tablets. — Lots BI-1, BI-2, BII-1, 
BII-2, CII-4, CII-5, and CII-6, coated with styrene- 
maleic acid copolymer, dibutyl phthalate, and talc, 
have been described previously (1) Lot N was 
coated with the same mixture of ingredients Lots 
D through I were coated with ammoniated shellac 
as described in the patent of Wruble (14) Lot T 
was comprised of tablets of lot BII-1 which were 
film-coated with carboxymethylcellulose and talc 
after storing for one hundred and fifty-five days at 
room temperature Lot U was comprised of tablets 


of lot BI-2 which were film-coated with carboM 
methylcellulose and talc after storing for one 
hundred fifty-seven days at room temperature 
The compositions of the remainder of the enteric 
coatings are shown in Table II All tablets were 
coated by conventional pan-coating methods usuig 
talc as a dusting powder 

METHODS 

Potentiometric Titrations. — About 0 3 Gm , accu- 
rately weighed, of styrene-maleic acid copolymer or 
hydrolyzed Resin SC-2 was suspended in 200 ml of 
boiling water The suspension was heated on the 
steam bath with stirring until a homogeneous 
solution was obtained The solution was cooled to 
room temperature and then titrated with 0 1 N 
sodium hydroxide The pH of the solution after 
the addition of each increment of standard base 
was determined with a Cambridge pH meter fitted 
with an electric eye The pH meter was calibrated 
with Harleco buffer, pH 7 00, at the temperature of 
the test solution The inflection point was deter 
mined by plotting A pH/AF against F, where F 
was the volume of standard base added 

Disintegration Tests. — In all tests, the U S P 
disintegration apparatus, without plastic disks, 
was used The fluids were maintained at 37 ± 2° 
Unless otherwise indicated the end point for dis- 
integration tests in artificial intestinal fluids was 
taken when 99 to 100% of the entire tablet was 


Table I — Composition of Fluids Used in the Disintegration Tests 


Artificial 

. — Gastric Fluids — ^ Artificial Intestinal Fluids* 


Ingredient 

pH 1 2 pH 3 0 

pH 3 7 

pH 4 0 

pH 4 8 

pH G9 

pH 7 5 

Pancreatin 3X U S P 


3 33 Gm 

3 33 Gm 

3 33 Gm 

3 33 Gm 

6 

Ox bile extract U S P 


4 0 Gm 

4 0 Gm 

4 0 Gm 

4 0 Gm 

b 

Pepsin 

^ 3 2 Gm 





b 

0 2 if Potassium biphosphate 

a 




250 0 ml 

b 

0 2 if Potassium biphthalate 

a 

250 0 ml 

250 0 ml 

250 0 ml 


b 

0 1 N Hydrochloric acid 

“ 204 0 ml 

49 75 ml 




b 

0 2 if Sodium hydroxide 

a 


2 0 ml 

118 25 ml 

140 0 ml 

b 

Deionized water, g. s. 

» 1,000 ml 

1,000 ml 

1,000 ml 

1,000 ml 

1,000 mi 

h 


a Simulated gastric fluid U S P ^ Simulated intestinal fluid U S P 


Table II — Composition of Enteric Coatings 




Styrene- 


Amount 

of Ingredient Applied Per 1 

'ablet 





Maleic 

Hydro- 







Lot of 

Sub- 

Acid Co- 

lyzed 

Starch Cellulose 




Propylene 


Enteric 

coated 

polymer 

Resin 

Acetate Acetate 

Mineral 

Dibutyl 

Sorbitan 

Glycol 


Coated 

Tablets 

Type 1, 

SC-2 Phthalate, Phthalate, Shellac, Oil, 

Phthalate, 

Mono 

U S P, 

Talc, 

Tablets 

Used 

mg 

mg 

mg mg 

mg ml 

mg 

oleate ml 

ml 

nig 

J 

I** 

25 



3 




136 

K 

I 

25 



3 

3 



125 

L 

IV« 



21 

0 0063 


0 0021 

0 0063 

79 

M 

d 



15 


1 8 



42 

N 

€ 

37 5 




4 5 



234 

0 

s 


17 3 



3 5 



57 

p 

t 


22 5 



4 5 



142 

o 

I 

7 5 


7 5 

0 005 

3 



80 

Rb 

I 

25 


12 

0 0036 

3 

0 0012 

0 0036 

122 

S' 

I 

40 


12 

0 0063 

4 8 

0 0012 

0 0036 

198 


a Qaa 'Tahle IT of Drevious communication (15) 

b A double enteric coated tablet with internal SY MA copoljmer coating and external cellulose acetate phthalate coatinp 
separa^d^by cellulose^ acetate phthalate coatmc and external SY MA copolymer coating 


1 carboxymethylcellulose barium sulfate layer 

“ntenc coated tablet with internal cellulose acetate phthalate coating and external SY MA copolymer 

sep^at“eTby a' <:arboxymethylcenu!ose^anum ^ all 


’’flame ^b^oaUdtaSIt'S'uled fof C-|' c“ll, a^d^C-III gnes fsee Table I of reference (I) J 
/ A ™bSated Immlmam ?h!ondl ?abfet with average weight of 0 700 Gm per tablet 
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through the screen of the U. S P. disintegration 
apparatus In tlie case of tablets coated with 
aminoniatcd shellac, the end point was not nearly 
as sharp since frequently the eoatings formed a sack 
through which the core tablet contents were leached 
by the fluids 

Tno studies were carried out The first study 
consisted of two parts : (n ) a study of the dependence 
of acid resistance and disintegration time of tablets 
coated with stjTcne-maleic acid copolymer, dibutyl 
phthalatc, and talc on the pH of the test fluid, 
and (i) a study of the dependence of the disintegra- 
tion time of tablets coated with ammoniated shellac 
on the pH of tlie test fluid. The second study was 
concerned with the stability of enteric coatmgs with 
respect to their disintegration behavior. Tablets 
with different enteric coatings were tested initially 
and after storage for periods of time from one to 
twenty-four months at 4°, room temperature, and at 
two elevated temperatures, 40 and 47° In many 
of these tests the disintegration time was deter- 
mined indepcndentlj’’ by two different laboratories, 
designated "A” and "B” in Tables VI and VH In 
the range from fifteen to fifty minutes, in which most 
of tlie average disintegration times of the enteric 
coated tablets fall, the agreement between the two 
laboratories was excellent. 

RESULTS 

Potentiometric Titrations. — The styrene-maleic 
acid copolymer was found to have an apparent 
pKi' of 4 24. This was an average of five deter- 
minations which ranged from 4 20 to 4 27 Garrett 
and Guile (16) reported a pK/ of 4 25 for the 
copolymer. The hydrolyzed Resin SC-2 was found 
to have an apparent pKi ' of 4 83 This was an 
average of four determinations which ranged from 
4 70 to 4 94. 

Accurate pKi' values for starch acetate phthalate, 
cellulose acetate phthalate, and shellac could not be 
obtained in water or aqueous-organic solvent mix- 
tures due to the tendency of the polymers to pre- 
cipitate during the titrations 

Dependence of Acid Resistance and Disintegration 
Time on the pH of the Test Fluid. — -Results ob- 
tained with three lots of tablets coated with styrene- 
maleic acid copolymer, dibutyl phthalate, and talc 
are shown in Table III 

Within experimental error, two of the lots, C 
IT4 and C II-6, exhibited the same resistance to 
both artificial gastric fluids, pH 1 2 and pH 3 0 


In artificial intestinal fluids, having pH values of 
3 7, 4 0, and 4 8, the disintegration time of lot C 
11-5 decreased as the pH increased. However, 
the disintegration time reached an apparent mini- 
mum at pH 4 8 because the disintegration times at 
pH 6 9 and 4 8 were not significantly different 

Starch acetate phthalate coatings are much less 
sensitive to low pH fluids than the styrene-maleic 
acid copolymer coating. For example, in the 
artificial intestinal fluid, pH 4 8, lot C I1I-2 ex- 
hibited only broken coatings after two hundred and 
thirty minutes, whereas, as formerly reported (1) 
these tablets were completely disintegrated after an 
average time of forty-one minutes in artificial 
intestinal fluid, pH 6.9. 

Tablets coated with ammoniated shellac require 
media of even higher pH in order to obtain reason- 
ably low disintegration times Table IV is a tabu- 
lation of disintegration times of fourteen stability 
samples of six different lots of tablets coated with 
ammoniated shellac 

The results indicate that the shellac-coated 
tablets disintegrate much more rapidly in simulated 
intestinal fluid, pH 7.5, than in artificial intestinal 
fluid, pH 6 9 

Stability of Enteric Coatings With Respect to 
Their Disintegration Behavior. — Results shown in 
Tables IV and V indicate that tablets enteric coated 
with shellac exhibit progressively increasing average 
disintegration times with increasing storage time at 
room temperature and at elevated temperatures 

In contrast to styrene-maleic acid copolymer 
alone, shellac in combination with the copolymer 
(lots J and K) causes a marked increase in dis- 
integration time after storage of the tablets for one 
month at 47°. 

The disintegration times of tablets coated with 
starch acetate phthalate also increase markedly with 
increase in storage time at room temperature and 
at elevated temperatures. The disintegration times 
increase more rapidly with age when Span 80 and 
propylene glycol are used with starch acetate 
phthalate than when dibutyl phthalate is used 
as a plasticizer This difference can be seen bj' 
comparing lots L and M in Table V. 

Tablets coated with a mixture of cellulose acetate 
phthalate and styrene-maleic acid copolymer (lot 
Q, Tables VI and VII) became more sensitive to 
simulated gastric juice after aging at room tempera- 
ture and elevated temperatures 

Tablets coated with styrene-maleic acid co- 


Table hi —Initial Disintegration Tests on Tablets Coated with Styrene-Maleic Acid Copolymer, 
Dibutx'l Phthalate, and Talc in Various Synthetic Gastric and Intestinal Fluids 


- Simulated 
pH 1 2 


Test Fluid 

gastric fluid. 


U. S 


P., 


Artificial gastric fluid, pH 3 0 
■Mtificial intestinal fluid, pH 3.7 
Artificial intestinal fluid, pH 4 0 
■Mtificial intestinal fluid, pH 4.8 
Artificial intestinal fluid, pH 6 9 


-Tablet Lot- 


Av 

-CII 4 

S E a 

Av 

S E ’ 

Av 

S E ' 

165''1 

U 

193'- 

8 6 

273''| 

12 1 

180^J 

r 6 6 

49 5'* 

2 5 

268'’/ 

19.7 



41 6'' 

1 5 





34 S'*) 

0 67 





23 8''/' 

0 23 




° Standard error 

e time (in minutes) to coating attacked end point as defined previously (lo) 

. jhere are no significant difTerences in the pairs of a\erages which £ire bracketed. 
A\erage time (in minutes) (or complete disintegration of the coated tablet 
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Table IV. — Average Disintegration Times” and Their Standard Errors of Tablets Enteric 

Coated With Ammoniated Shellac'’ 


Storage Conditions of 

—Tablets Before Test Artificial Intestinal Simulated Intestinal 


Lot 

Temperature 

Time, 

Months 

Fluid, 

Av. 

pH C.9 . 

S. E. 

Av. 

Fluid, pH 7.5 

S. E. 

D 

RT' 

6 

83 

4.2 

37 

1.8 

D 

O 

O 

3 

136 

4.4 

78 

3.4 

E 

RT 

3 

33.7 

1,6 

32.5 

1.2 

E 

40° 

3 

103 

3.8 

58 

2.5 

E 

47° 

3 

>155 


>155 


F 

RT 

3 

50.0 

3.3 

22.2 

6. '87 

F 

40° 

3 

92 

3.6 

73 

6.4 

F 

47° 

3 

>240 


163 

12.5 

G 

40° 

3 

>240 


64 

3.9 

G 

47° 

3 

>240 


.>240 


H 

RT 

3 

52.5 

1.7 

32.2 

0.S7 

H 

40° 

3 

132 

7.0 

50. 

2.7 

I 

RT 

3 

50.0 

1.7 

29.8 

0.82 

I 

O 

O 

3 

145 

4.6 

52.5 

2.5 


o Based on C tablets in each test fluid 

b Prior to the disintegration tests the tablets were unaflectcd by immersion in simulated gastric fluid U. S. P, for one hour. 
® Room temperature. 


Table V. — Average Disintegration Times'* and Their Standard Errors of Various Enteric Coated 
Tablets in Artificial Intestinal Fluid, pH 6.9 


Lot Enteric Substance 

J "l Styrene-maleic acid copolymer 
Kj plus shellac 
L I Starch acetate phthalate 
M/ 

A \ Ammoniated shellac 


Stability Sample 

G Months 1 Month 
at RT at 47'’ 

Av. S. E. Av. S. E. 


Initial 
Av. S. E. 

49.2 0.9 
33 8 0.8 

58.2 1.5 
35.7 1.0 
25.9 0.5 
22.5 0.8 


3 Months 
at RT 
Av. S. E. 


65.8 1.7 
40.3 0 9 
42.6 1.0 
111 6.6 


88.9 4.9 

40.8 1.3 

82.8 4.2 


137.7 3.9 

149.8 8.5 

177.5 2.1 

90 2.5 

151 19 

170 21 


/ 

3 Months 
at 47“ 

Av. S. E. 


115 2.8 
>240 ... 
>240 ... 


° Based on 12 tablets. 


Table VI.— Average Disintegration Times and Their Standard Errors of Various Enteric 
Coated Tablets in Artificial Intestinal Fluid, pH 6.9’* 









Storage Time at Room Temperature, months- — 





Initial 

3 


6 


12 

18 

24 

Type of Coating 

Lot 


Av. 

S E. 

Av. 

S. E. 

Av. 

S. E. 

Av. 

S. E. 

Av. 

S E. 

Av. 

S. E. 

Styrene-maleic acid copolymer Bl-1 

A** 

15.1 

0.31 

16. 5 

0.55 











B*^ 

15 


15 


16.8 

0.27 

13.2 

0.14 

21.8 

0.44 

IS. 6 

0.3-1 


Bll-1 

A 

41.0 

0 80 

42.5 

0.74 











B 

40 


40 


45.0 

0.43 

46.0 

0.82 

49.8 

0.93 

54.3 

0.85 


BII-2 

A 

41.3 

0.71 

43.4 

1.1 











B 

40 


40 


44.2 

0.49 

41.7 

0.58 

50.7 

0.71 

52.2 

0.08 


N 

A 

4G.4 

1.6 













B 

45 


51.5 

0.68 

52.9 

0.42 

51 8 

1 3 

53 0 

1 .3 

49.1 

1.0 


Bl-2 

A 

46.8 

0.84 

51.7 

1.4 











B 

50 


40 


52.4 

0 91 

56.7 

0.48 

59.8 

1.0 

65.3 

0.07 

Hydrolyzed Resin SC-2 

0 

A 

15.8 

0.45 

18.6 

1.1 











B 

20 


20 


20.9 

0.50 

17.3 

l.G 

23.4 

1.9 

20.9 

0.30 


P 

A 

23.8 

0.80 













B 

20 


24.5 

0.53 

24.2 

0.09 

29.0 

0 64 

29.8 

0.60 

32.3 

1.1 

Mixture of styrene-maleic acid 

O'* 

A 

17.3 

0.55 

20.5 

0.68 









copolymer and cellulose 


B 

20 




15.2 

0.67 

19.7 

0.75 

20.2 

0.59 

23.5 

0.81 

acetate phthalate 















Double enteric coated tablets 

R 

A 

52.3 

0.93 

53.0 

1.2 









(see Table II) 


B 

45 


40 


41.3 

0.61 

41.7 

0.89 

44.0 

1 .0 

44.5 

0.93 


S 

A 

56.9 

l.C 

64.3 

1.2 











B 

65 


55 


65.4 

1.3 

60.3 

1 5 

01 .4 

1.5 

67.3 

1.4 

Film-coated over enteric coat- 

T 

A 













ing (see Table II) 


B 

44.0 

0.95 

47.5 

1.0 

57.8 

1.0 

56. S 

1.4 

61 .5 

1.1 

60.8 

0.77 


U 

A 















B 

61.8 

0.60 

53.9 

0.63 

62.3 

0.28 

74.2 

1.7 

69.3 

1.7 

67. 0 

0 95 


a Unless otherwise indicated, all tablets tested were unaffected by immersion in simulated gastric Guid for two hours prior 
to the disintegration test, time in minute^ 

f. ] ‘ " 


' based on 12 tablets. 


• Disintegration time determined by laboratory “A” based c _ , 

^ ^Ptprmined bv laboratory B” based on 12 tablets. 

d &)‘me ofthVt?blets were noticeably affected by the two-hour treatment with simulated gastric Guid U. S. P. 
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Table VII.— Average Disintegration Times and Their Standard Errors of Various Enteric 
Coated Tablets in Artificial Infestinal Fluid, pH 6 9“ 


Tj'pc of Coaling 

Tablet 

2\ 

mo 

at 4“ 

1 mo 

at 47° 

Storage Conditions- 

3 mo at 40° 3 mo at 47® 

6 mo at 40° 

Lot 

Av 

S E 

Av 

S 

E 

Av 

S 

E 

Av 

S E 

Av 

S 

E 

StjTcnc maleic acid copolymer 

BI 1 

10 

s'* 

0 31 

10 

0 

41 

18 4'' 

0 

31 

19 s’’ 

0 37 

33 

s'- 

0 

44 


BII-1 

10 

3** 

0 77 

53 3'' 

0 

00 

57 C° 

1 

4 

51. I*" 

0 77 

45 

8° 

0 

62 


BIl 2 

13 

s'- 

0 70 

53 s'* 

0 

74 

47 4° 

1 

9 

55 o'" 

0 68 

41 

3' 

0 

60 


N 

10 

c" 

0 Ob 

50 7'' 

2 

2 

48 4' 

1 

5 

47 8° 

0 62 

43 

7° 

0 

88 


BI 2 

55 

0' 

0 84 

05 3‘ 

0 

73 

54 4*= 

0 

88 

73 0*' 

0 04 

48 

5° 

0 

34 

Hjdrolyzed Resin SC-2 

O 

17 

9' 

0 52 

20 

1 

1 

30 l'’ 

I 

5 

43 o'’ 

0 80 

27 

5' 

0 

74 


P 

27 

OC 

0 52 

32 2’’ 

0 

89 

32 0 

1 

2 

30 8' 

0 71 

38 

4' 

1 

5 

Mixture of styrene maleic acid copolymer Q 

22 

0' 

0 42 

20 3*’ 

0 

70 

22 8'’'' 

0 

64 

22 0*' 

1 1 

24 

QC.e 

1 

3 

and cellulose acetate phthalatc 

Double enteric coated tablets (see Table R 

52 

2* 

1 8 

47 2*' 

1 

0 

58 5' 

1 

2 

48 7’’ 

1 0 

35 

0' 

1 

2 

ii) 

s 

63 

3' 

1 4 

81 I* 

1 

8 

104 9° 

3 

9 

110 3^ 

1 9 

117 

3° 

2 

4 

Film coated over enteric coating 

(see T 

54 

0' 

0 87 

77 2® 

0 

82 

60 1° 

1 

1 

121 2° 

8 0 

127 

0' 

3 

5 

Table II) 

U 

02 

1' 

0 00 

71 0' 

1 

I 

63 3° 

3 

5 

82 3° 

3 1 

81, 

.3° 

8, 

.1 


« Unless otherwise indicated, all tablets tested were nnafTected by immersion in simulated gastric fluid for two hours prior 
to the disintegration test, time in minutes 

Disintegration times determined by laboratories ‘ A’ and *‘B ” respectively Twelve tablets were used in each case 
Two of twelve and nine of twelve tablets, respectively had broken coatings after exposure to simulated gastric fluid for 
two hours 


poljTBer or with hydrolyzed Resin SC-2 exhibited 
only very slight increases in disintegration times 
after storage for prolonged periods at room tem- 
perature or at elevated temperatures Five lots of 
tablets coated with styrene-maleic acid copolymer 
and two lots coated with hydrolyzed Resin SC-2 
were tested. After storage for either two years at 
room temperature or one month at 47° these seven 
lots exhibited an average increase in disintegration 
l time of only ten minutes in artificial intestinal 
N^fluid, pH 6.9. 

■' The application of a film coating of sodium car- 
boxymethylcellulose and talc over a styrene-maleic 
acid coating caused the disintegration times to 
increase upon aging of the tablets more than could 
, be accounted for by the small increase in dismtegra- 
tion time due to aging of the styrene-maleic acid 
copolymer coating alone. This can be seen by 
comparing the data for lot T with that of lot BII-1 
I and for lot U with lot B 1-2 in Tables VI and VII 
The reason for this effect of the film coating is being 
investigated further 

None of the tablets coated with stywene-maleic 
1 acid copolymer or hydrolyzed Resin SC-2 showed 
any decreased acid resistance after prolonged 
storage at room temperature or at elevated tem- 
I peratures as evidenced by a two-hour immersion 
in simulated gastric fluid with the standard U S P 
apparatus In fact, the resistance at pH 1 2 of such 
coated tablets usually increases with aging, par- 
i ticularly at elevated temperatures For example, 
lot BI-1 had an initial average resistance time of 
four and three-quarter hours in simulated gastric 
fluid After storage for twelve months at 40° 
followed by four months at room temperature, the 
tablets were unaffected by immersion in simulated 
^ gastric fluid for seven and one-half hours at 37°, 
y ^fter an additional thirty-seven hours in the fluid at 
I ^ toom temperature, the tablet coatings had only 
small cracks and most of the core tablets were still 
' intact 


DISCUSSION 

Relationship Between Disintegration Rate, Appar- 
ent pK' of Enteric Substance, and pH of Test Fluid. 
Both of the polyelectrolytes, styrene-maleic acid 


copolymer and hydrolyzed Resin SC-2, have a,/3- 
dicarboxylic acid units One of the carboxyl 
groups of each unit is considerably more acidic than 
the other and is completely ionized before the other 
starts to dissociate Since we are only concerned 
with pH values below the neutral point (pH 7), 
the ensuing discussion pertains only to the more 
acidic carboxyl of each a,fl-dicarboxylic acid unit. 

Substituting the pKj' of 4 24 for styrene-maleic 
acid copolymer into the equation of Albert (17), 
one Can calculate that approximately 99% of the 
carboxyl groups will be ionized at pH 6 24 but only 
approximately 1 % will be ionized at pH 2 24. 
The data of Ferry, et al (13), indicate that between 
1 and 10% of the carboxyl groups have to be 
ionized before solution of the polymer occurs in the 
presence of dilute hydrochloric acid When the 
copolymer is used as a coating agent with a plas- 
ticizer and a dusting powder, the exact pH at which 
the resultant coatings dissolve, or allow rapid release 
of the enclosed medicament, depends to some extent 
on the exact composition of the coating and the 
nature and solubility of the medicament in the core 
Acid resistance of such coatings is usually good up to 
about pH 3 or slightly above At about pH 3 4 
and above the rate of disintegration of the coatings 
become quite rapid. 

It would be interesting to compare the change in 
rate of disintegration with change in pH for different 
coatings Unfortunately, we cannot readily meas- 
ure the rate of disintegration of enteric coated 
tablets Only the disintegration time is measured. 
A reasonable assumption, however, is that the dis- 
integration rate constant, R, is inversely propor- 
tional to the average disintegration time, T„ \ e , 
R a 1/7', Hence, if we determine values of 



A pH, we should obtain values which are 


directly proportional to values of A 7?/ A pH Using 
the data for lot C II-5 in Table III, a plot of l/F, 
versus pH, in the pH range 3 7 to 4 8, yields a straight 
line with slope, A (l/7',)/A pH, of 0 020 At pH 
3 7, 4 0, and 4 8 the more acidic carboxyls of stjTcne- 
maleic acid copolymer are 22, 36, and 78% ionized, 
respectively Hence the pH range in which the 
disintegration rate is increasing (or disintegration 
time decreasing) markedly with an increase in pH, 
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corresponds to the pH range where the per cent 
ionization of the pol 3 ^mer is changing most rapidly, 
i, e., in a narrow pH range on either side of the pKi' 
of the copolj'mer. 

Nine of the lots of tablets, which were coated 
with ammoniated shellac, have finite and distinctly 
different disintegration times at pH 6,9 and 7.6 
(see Table IV). The average value of A (l/TJ/A 
pH calculated for these lots was 0.020. It seems 
reasonable to conclude that the apparent pK' of 
shellac lies in the range 6.9 to 7.5. 

Relationship Between Critical In Vitro pH Range 
and Enteric Properties. — We may define the critical 
in vitro pH range of an enteric coating as the pH 
range in which the disintegration rate increases 
rapidly or the disintegration time decreases rapidly. 
The critical in vitro pH range for the styrene-maleic 
acid copolymer-dibutyl phthalate-talc coating on 
lot C II-5 was shown to be pH 3.7 to 4.8 and that for 
the ammoniated shellac-talc coatings to be about 
pH 6.9 to 7.5. The critical in vitro pH ranges for 
starch acetate phthalate and cellulose acetate 
phthalate coatings apparently lies between these two 
pH ranges, i. e., between 3. 7-4. 8 and 6. 9-7.5. 

Disintegration at such low pH values, as observed 
for the styrene-maleic acid coating, is new in the 
enteric field. However, we have shown previously 
(5, 15) that such coatings function as enteric coat- 
ings in the dog and human subjects. The results 
should, however, not be too surprising. Maltby 
(18) found that after administration of a protein 
meal to a group of 147 patients without history of 
gastric disease or pernicious anemia, 65% of the 
cases had gastric contents with pH values ranging 
from 1.5 to 2.5 and 86% had gastric contents with 
pH values ranging from 1.5 to 3.5. A great deal of 
evidence indicates that the intestinal contents 
range from pH 3.6 to pH 7.9. To ensure that the 
enteric coatings disintegrate soon after reaching the 
small intestine we believe that enteric coated tablets 
should disintegrate on the acid side at as low a pH 
as 3.7. 

The Stability of the Enteric Coatings Studied. — 
Such very small changes in average disintegration 
time in artificial intestinal fluid, as observed for the 
tablets coated with styrene-maleic acid copolymer, 
dibutyl phthalate, and talc, have not been pre- 
viously reported for any enteric coating. The 
few stability tests reported for other coatings have 
usually involved much shorter storage times and 
have not included elevated temperature studies 
(6-12). Some enteric coatings show decreased 
resistance to acid solutions or the coatings crack or 
craze after aging (11, 12). The increase in acid 
resistance of styrene-maleic acid copolymer coatings 
upon aging is a desirable property. 

Other investigators (19, 20) made similar observa- 
tions as ours with respect to shellac-coated tablets. 
We would like to point out, however, that such in- 
creases in disintegration time do not necessarily 
occur when shellac is used in small quantities as a 
water-proofing agent before application of sugar or 
other coatings to tablets. 

Correlation of Average Disintegration Times of 
Tablets After Storage for Twenty-four Months^ at 
Room Temperature With Average Disintegration 
Times of the Same Tablets After Storage for One 
Month at 47°.~Use of the Arrhenius equation 
relating the rate of reaction with temperature was 


not practically possible with the enteric coated 
tablets tested because of the following reasons: 

(a) changes in disintegration time with increase in 
age were very small for these newer eoatings, and 

(b) higher temperatures than 47° couid not be used 
because reactions occurred in the coatings whicli 
were known not to occur at 47° or below. It was 
desirable, however, to establish a short term, high 
temperature stability test which would give a satis- 
factory estimate of the average disintegration time 
which would be observed if the enteric coated tablets 
were stored for two years at room temperature. 

Based on the twelve lots of enteric coated tablets 
studied, it has been found that the average dis- 
integration time observed after storage of tablets for 
one month at 47° gives an excellent prediction of 
the average disintegration time of the tablets after 
storage for twenty-four months at room temperature. 
Figure 1 shows such a relationship using the values 
of average disintegration time reported in Tables VI 
and VH. However, the correlation is improved if 
those average disintegration times observed b\ 
laboratory "A” are corrected to those which would 
be expected to be reported by laboratory "B”. 
The first ten average disintegration times, To, 
of tablets stored for one month at 47°, as reported 
by laboratory "A”, were transformed into the 
predicted disintegration times, Tj, which would be 
expected to be reported by laboratory "B”, using 
the equation Tt = 0.852 To -f 4.2 which was based 
on 49 lots of tablets. The average disintegration 
times of the tablets after storage for twenty-four 
months at room temperature were then plotted 
against the average disintegration times of th 
tablets after storage for one month at 47°, Tt or T 



X=WERAGE DISINTEGRATION TIME AFTER STORAGE OF 
TABLETS FOR I MONTH AT AT'Cl in minutes) 

Fig. 1. — Correlation of disintegration times of 
twelve lots of enteric coated tablets in artificial 
intestinal fluid, pH 6.9, after storage for twenty-four 
months at room temperature with disintegration 
times after storage of the tablets for one month at 
47°. Center dotted line represents the relation S’ 
= X. Outer dotted lines represent 95% confidence 
limits of the center dotted line. Inner bars on 
solid lines represent 95% confidenee limits about the 
average disintegration time plotted as circles. 
Outer bars on solid lines represent 95% confidence 
limits of individual tablet disintegration times. 
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Fig 2 — Correlation of disintegration times of 
twelve lots of enteric coated tablets in artificial 
intestinal fluid, pH 6 9, after storage for twentv- 
four months at room temperature with disintegra- 
tion times after storage for one month at 47° 
Average disintegration times reported bj laboratorj 
A have been converted to those which would be 
expected to be reported by laboratory B 


The latter plot is shown in Fig 2 The “least 
squares” lines were shown to have a slope not 
differing significantly from unity Hence, within 
the error of the measurements and the dispersion 
of the averages, the disintegration times of tablets 
after storage for one month at 47° is an excellent 
estimate of the disintegration time observed after 
storage for twenty-four months at room tempera- 
ture 


SUMMARY AND CONCLUSIONS 

1 The resistance of tablets enteric coated 
with styrene-maleic acid copolymer, dibutyl 
phthalate, and talc to artificial gastric fluid 
IS not significantly different at pH 1 2 or pH 3 0 
In artificial intestinal fluids the disintegration 
time decreases ox^er the pH range 3 7 to 4 8 but 
the disintegration time at pH 4 8 is not signif- 
icantly different from the disintegration time at 
pH 6 9 

2 The ax'erage disintegration time of tablets 
enteric coated with either styrene-maleic acid 
copolymer or hydrolyzed Resin SC-2 increases 
only by an average of ten minutes (range four to 
fifteen minutes) after storage of the tablets for 

/ f"’o years at room temperature or for one month 
\ at 47°. 


3. Tablets coated w'ith starch acetate phthal- 
ate, ammoniated shellac, or shellac plus styrene- 
maleic acid copolymer exhibited markedly in- 
creased disintegration times in artificial intestinal 
fluid, pH 6.9, after aging at room temperature 
or elevated temperature. 

4 None of the lots of tablets coated xvith 
styrene-maleic acid copolymer or hydrolyzed 
Resin SC-2 showed any decreased resistance to 
acid at pH 1.2 after prolonged storage at room 
temperature or elevated temperatures as evi- 
denced by immersion in simulated gastric fluid 
for two hours After storage at elevated tem- 
peratures for prolonged periods such coated 
tablets exhibit markedly increased acid resistance 
at pH 1 2 compared with their initial acid re- 
sistance at pH 1.2. 

5 Tablets coated with a mixture of cellulose 
acetate phthalate and styrene-maleic acid co- 
pol 3 rmer exhibited decreased acid resistance on 
storage at room temperature and at elex'ated 
temperatures 

G The average disintegration time observed 
after storage of enteric coated tablets for one 
month at 47° was shown to give an excellent 
prediction of the average disintegration time of 
the tablets after storage for two years at room 
temperature The correlation xvas based on 
twelve lots of tablets and included five different 
types of coatings 
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The Preparation and Antibacterial Action of Metal 
Chelates of Some Antitubercular Agents, 
Amino Acids, and Peptides* 


By FREDERICK T. COUNTER, Jr., RONALD N. DUVALL, WILLIAM O. FOYE, and 

RAYMOND W. VANDERWYK 


A series of eighteen metal chelates and complexes of some ^-amino acids, peptides, 
isonicotinoyl hydrazide, /(-aminosalicylic acid, /(-acetylaminobenzal thiosemicarba- 
zone, and biotin were screened for antibacterial activity against ten microorganisms. 
Quantitative tests were carried out on six of these compounds by a modified serial 
tube dilution method; these compounds were the copper complex and chelate of 
PASA, cobalt chelates of INH and methionine, and copper chelates of glycyl-DL- 
alanine and biotin. Evidence indicated that the complexes of methionine and biotin 
were more active than the metal ions, but the action of the chelates of the antitubercu- 
lar agents appeared to depend in part on dissociation of the chelates. 


^ I ^HE ACTION of chelating agents against bac- 
teria has received some attention, but the 
question as to the dependence of this activity 
on the chelating agent or the chelate itself has 
not been thoroughly resolved. Erlenmeyer and 
tvorkers (1), for instance, found a sizable number 
of compounds capable of metal chelation to have 
antibacterial and antituberculotic activity in the 
presence of definite concentrations of certain 
metal ions. Albert (2) has investigated the anti- 
bacterial action of 8-hydroxyquinoline and pro- 
vided good evidence that this agent exerts its 
effect only in the form of toxic metal chelates. 
Cymerman-Craig and Rubbo (3) have shown that 
isonicotinoyl hydrazide (INH) derivatives in- 
capable of metal chelation have no antituberculo- 
tic action, and Foye and Duvall have shown both 
/(-aminosalicylic acid (PASA) (4) and INH (5) 
to be as effective against tubercle bacilli in the 
form of certain metal chelates. Garattini and 
Leonard! (6) have also shown that among a large 
series of compounds having inhibitory effects 
against M. tuberculosis, the most effective were 
two powerful chelating agents, o-phenanthroline 
and sodium diethyldithiocarbamate, which could 
hardly be expected to exist in aqueous media 
without chelating any metal ions present. 

It was therefore felt that antibacterial testing 
of a number of metal chelates of agents having 
little or no antibacterial activit}' might be il- 
luminating. Although positive results from 
this experiment would not necessarih^ explain 
the action of individual antibacterials, they 
would indicate that the metal chelate structure, 
per se, is capable of inhibiting the growth of 
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microorganisms. Among the metal chelates 
selected for this purpose, several antitubercular 
agents, which show little activity against other 
bacteria, were included in the hope that further 
information regarding the importance of chela- 
tion in their action against tubercle bacilli might 
be found. 


METHODS 

Materials. — The PASA used was a gift of Parke, 
Davis and Co., the INH was a gift of the Massachu- 
setts General Hospital, and the cupric, ferric, and 
zinc oxides were Baker’s C. P. analj'zed reagents. 
The preparation of the copper complex and copper 
and iron chelates of PASA (4), and the copper, iron, 
zinc, and cobalt chelates of INH (5) has already 
been described. The preparations of the remainder 
of the chelates follow. 

p-Aminobcnzaldchyde Thiosemicarbazonc.-— This 
compound was synthesized by the method of Beard 
and Hodgson (7). A 05% yield of product was ob- 
tained which melted at 196-197° [lit. m. p. 198° 
(8)]. 

p-Acetylaminobenzaldehydc Thiosemicarbasone (Ti- 
bione). — The acetylation procedure of Behniscli, cl 
al. (9), was used. A 52% yield of product was ob- 
obtained which melted at 228-229° [lit. m. p. 230° 
(9)1. 

Copper Chelate of p-Acetylatninobenzaldehydc Thio- 
semicarbazone. — This was prepared by the slow addi- 
tion, with stirring, of 1.88 Gm. f0.0075 mole) of 
copper sulfate pentahj’drate in 400 ml. of water to 
3.54 Gm. (0.015 mole) of p-acetylaminobenzaldc- 
liydc thiosemicarbazone in 500 ml, of hot absolute 
ethanol. A yellow-green compound precipitated 
immediately as the pH dropped from 5,2 to 2.6. 
The mixture was stirred until it had cooled to room 
temperature and was filtered b)- gravity. The pre- 
cipitate was washed free of sulfate ion and was air 
dried. The yield was 3.45 Gm. (80.8% based on a 
2:1 chelate ratio). 

Atiaf.—Calcd. for C2„Hn-CuN802S2-2H20: Cu, 
11.15; H:0, 6.32. Found: Cu, 11.8.3, 11.74 (by 
ashing); H-O, 6.42 (by wt. loss on drying). 

Sulfate ion was found to be absent by barium ion 
test. The saturated aqueous solution gave a nega- 


140 



March 1960 


SciDNTiric Edition 


141 


tivc test for cupric ion w ith fcrrocyaiiiclc ion The 
test for cupric inn was still negative after the chelate 
vas suspciuled for one hour in dilute hydrochloric 
acid (pH 3 0) 

Cobatl Chelate of lifethiontue — An aqueous solu- 
tion of 1 19 Gin. (0 005 mole) of cobaltous chloride 
^ hexahydratc was added slowly, with stirring, to an 
aqueous alkaline solution of 1 5 Gm (0 01 mole) of 
DL-mcthioniiie. The pH dropped from 7 9 to 4 7 
The resulting solution was made alkaline, and a 
pink-brow n precipitate was isolated at a pH of 10 4, 
and was washed free of chloride ion and air dried 
The yield was 1.7 Gm (96% based on a 2 1 cbelatc 
structure) Water of hydration was absent 
Anal — Calcd for CioH;oCoN; 04 S; Co, 10 60 
Found: Co, 17.71 

Copper Chelate of Methionine Sulfoxide — To an 
aqueous solution of 0 825 Gm (0 005 mole) of methi 
onine sulfoxide [prepared bj- the method of Toenmes 
and Kolb (10)] was added 0 488 Gm (0 005 mole) 
of cupric hydroxide The mixture was stirred for 
three hours, the excess cupric hydroxide was re- 
moved by filtration, and the filtrate was concentrated 
on a steam bath to near dryness Absolute ethanol 
was added, and the resulting purple compound was 
isolated and washed with absolute ethanol The 
yield, after air drying, xvas 0 97 Gm (99% based 
on a 2'1 chelate structure) Water of hydration 
was absent. 

Anal —Calcd for CioH-oCuNoOoSi Cu, 16 22 
Found: Cu, 14 78 

Cobalt Chelate of Cystine — Sufficient dilute sodium 
-hydroxide solution was added to just dissolve 2 4 
Gm (0 01 mole) of L-cystine. To this solution was 
added slowly with stirring 2 38 Gm (0 01 mole) of 
cobaltous chloride hexahj'drate in a minimum 
amount of water A pink precipitate formed ini- 
mediatelj', and the mixture jelled when addition 
was complete The pH dropped from 9 8 to 6 7 
The mixture xvas stirred for an hour, filtered, washed 
free of chloride ion, and air dried The yield xvas 3 1 
Gm (98% based on a 1 1 chelate structure) 

Ana/— Calcd for CeH.oCoN.OtSj H.O Co, 

18 70, ll;0, 5 72 Found- Co, 17 20, HjO, 4 03 
Ferrous Chelate of Cystine — A solution of 2 4 Gm 
(0 Ol mole) of L-cystine xvas made m dilute sodium 
hjdroxide solution to give a pH of 9 3 An aqueous 
solution of 2 78 Gm (0 01 mole) of ferrous sulfate 
heptahydrate xvas added sloxx'lJ^ xvith stirring A 
yellow precipitate formed as the pH dropped from 
9 3 to 6 2 and changed to an orange-broxvn as the pH 
dropped to 5 6. The precipitate xvas filtered, xvashed 
free of sulfate ion xx-ith xvater, and air dried The 
yield xvas 2 73 Gm (93% based on a 1 1 chelate struc- 
Iwe) Sulfate ion xvas found to be absent xx-hile 
1 6% moisture xvas found on drjdng 
Anaf— Calcd for CsHicFeNoOiS.. Fe, 19 01 
Found, Fe, 16 87 

v Copper Complex of Biotin — Dilute sodium hy- 
V droxide solution was added, dropw-ise, to an aqueous 
' suspension of 0 88 Gm (0 0036 mole) of d-biotin 
until solution resulted An aqueous solution of 0 9 
Gm (0 0036 mole) of copper sulfate pentahydrate 
was added sloxvly, w-ith stirring The pH dropped 
from 8 2 to 5 0 xxith the formation of a green precip- 
itate The yield after filtering, xx-asliing, and air 
drying was 0 425 Gm (39% based on a 3 2 chelate 
structure). Sulfate ion xx-as found to be absent. 


Anal — Calcd for CsoHxjCujNeOsSs-dHoO: C, 
38 80; H, 5 64, Cu, 13 69, HsO, 7 76 Found: C, 
38 09; H, 5 81, Cu, 12 35 (by titration), 12 01 (by 
ashing), HjO, 8 92 (by drying), 8 93 (by Karl Fis- 
cher determination) 

Copper Derivative oj Phthaloylglycnie — An aque- 
ous solution of 1.25 Gm. (0 005 mole) of copper sul- 
fate pentahydrate xvas added sloxvly, xvith stirring, 
to 2 05 Gm (0 01 mole) of phthaloylglycine [pre- 
pared by the method of Billman (11)] dissolved in 
dilute sodium hydroxide solution to give a pH of 7 5 
A blue precipitate formed xvith an accompanjdng pH 
drop to 4 8 The product xx-as filtered, xx-ashed xvith 
xvater, and air dried The yield xvas 1 78 Gm (68% 
based on a 2 1 ratio) Sulfate ion xvas found to be 
absent 

Ana/— Calcd for CioHuCuNjOg-SHsO: C, 45 67, 
H, 3 43, Cu, 12 09, H.O, 10 28 Found: C, 44 63: 
H, 2 85, Cu, 11 44 (by titration), 11 18 (by ashing), 
H.O, 10 11 (by drying), 10 60 (by Karl Fischer de- 
termination) 

Copper Chelate of Phthaloylglycyclglycme — To an 
aqueous suspension of 0 87 Gm (0 0033 mole) of 
phthaloylglycylglycine [prepared by the procedure 
of Emerson (12)] xvas added dilute sodium hydroxide 
solution until solution resulted To this solution 
xx-as added sloxvly, xx-ith stirring, 0 42 Gm (0 0017 
mole) of copper sulfate pentahydrate in xvater 
The pH dropped from 6 0 to 5 1 and a pale blue pre- 
cipitate appeared The yield, after filtration, xx-ash- 
ing free of sulfate ion, and air drying, xvas 0 65 Gm. 
(60% based on a 2 1 chelate structure) 

Anal — Calcd for C24Hi8CuN40i(i-4Hj0- Cu, 
9 66, HoO, 10 95 Found: Cu, 8 77; H-O, 9 98 
(by drying) 

During drying a color change to green occurred. 
Sulfate ion xvas found to be absent. 

Diphthaloylglycylcystine — ^Thirty-txxo grams of 
sodium bicarbonate and 9 6 Gm. (0 04 mole) of L- 
cystine xvere mixed xvith 300 ml of xvater. To this 
suspension xvas added sloxvly, xvith stirring, 17 9 Gm 
(0 08 mole) of phthaloylglycyl chloride [made by the 
procedure of Emerson (12)] dissolved in 400 ml of 
benzene The mixture xvas stirred for one hour after 
the addition and the aqueous phase xvas separated, 
filtered, and made acid The precipitate xvas fil- 
tered and dried, and a yield of 6 35 Gra (26%) of 
product melting at 152-155° xx-as obtained Water 
xx-as found to be present in the compound 

Anaf— Calcd for Q. 6 H 2 jN 40 ,„a; 2 H 2 O : C, 48 00; 
H, 4 03 Found: C, 46 53; H. 3 84. 

Copper Chelate of Diphlhaloylglycylcystine — -Di- 
lute sodium hx'droxide solution xx-as added, dropxvise, 
to an aqueous suspension of 2 04 Gm (0.0032 mole) 
of diphthaloylglycylcystine until solution had taken 
place To this was added sloxvly, xvith stirring, 0 84 
Gm (0 0033 mole) of aqueous copper sulfate penta- 
hydrate The pH dropped from 6 6 to 4 4 xx-ith the 
formation of a green precipitate, xx-hich xvas collected, 
xx-ashed free of sulfate ion, and air dried The yield 
xvas 1 25 Gm (57% based on a 1:1 chelate struc- 
ture) 

Ana/ —Calcd for C;6Ha,CuN,0,oS,-3HjO: Cu, 

8 70, HjO, 7 40 Found: Cu, 813 (by ashing); 
HiO, 7 41 (by drying). 

Copper Chelate of Glyeyl-Bh-alanine . — ^A solution 
of 330 mg (0 0023 mole) of glycyl-DL-alanine (Mann 
Fine Chemicals) in 50 ml. of xvater xvas stirred for 
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Compound 

Org A 

B 

c 

D 

E 

r 

G 

H 

I 

I 

(PAS)2 Cu complex 

11 

8 

11 

3 

3 

4 

6 

16 

4 

3 

(PAS)2 Cu chelate 

8 

6 

7 

3 

3 

4 

3 

9 

2 

3 

(PASisFe 

0 

0 

2 

2 

0 

0 

0 

0 

0 

0 

INK Cu 

4 

4 

7 

6 

2 

1 

4 

3 

0 

0 

INHFe 

3 

0 

8 

2 

2 

3 

4 

7 

2 

0 

INK Zn 

3 

4 

8 

4 

2 

2 

7 

7 

3 

0 

(INH)2Co 

14 

11 

19 

9 

8 

8 

16 

13 

13 

8 

(INHIjCu 

2 

0 

3 

0 

4 

2 

3 

2 

0 

0 

(Tibione)2Cu 

0 

0 

7 

0 

2 

0 

0 

2 

0 

0 

Riotin Cu 

8 

7 

12 

9 

7 

S 

6 

10 

7 

9 

Methionine Co 

14 

10 

17 

10 

8 

14 

17 

12 

11 

8 

Cystine Fe 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cystine Co 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Methionine sulfoxide Cu 

5 

2 

4 

0 

3 

5 

3 

0 

0 

0 

Phthaloydglycine Cu 

4 

9 

5 

3 

3 

3 

6 

4 

4 

0 

Gly cylalanine Cu 

8 

14 

12 

7 

6 

11 

12 

4 

8 

5 

Diphthaloy'lgly'cydcystine Cu 

2 

7 

2 

0 

2 

1 

2 

2 

0 

0 

Phthaloylglycylglycine Cu 

3 

2 

2 

0 

3 

I 

2 

2 

2 

0 

PASA 

7 

5 

12 

4 

2 

7 

2 

0 

0 

0 

INK 

2 

2 

2 

16 

3 

7 

2 

0 

0 

0 

Tibione 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

CuO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Fe203 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ZnO 

1 

1 

6 

0 

0 

1 

4 

4 

0 

0 


“ Test orKacusms A — E colt B — 5 tnarcesccns C— S albtts D — K pneutnontae E — F iitlgans F — B sttbltlts G— 

A faecalts H — S aitretts I — A acroget es J — Ps acrugtnosa 


three hours with an excess of cupric h)dro\ide 
The excess cupric hydroxide was removed by filtra- 
tion, and the filtrate tvas concentrated to near do'- 
ness on a steam bath Absolute ethanol was added, 
and the resulting deep blue crj stals were filtered and 
washed with absolute ethanol The yield was 400 
mg (95% based on a 2 1 chelate structure) 

A«a/— Calcd for CjoHisCuN^Oe H2O Cu, 17 07 
H3O, 4 84 Found Cu. 17 85 (by ashing), H-O, 
7 18 (by drying) 

Antimicrobial Screening. — The agar plate method 
of the U S Dept of Agriculture (13) was employed 
with the following organisms Eschcnclita coh, Ser 
ralia marcescens. Staphylococcus aureus, Staphylococ 
cus albus, Klebsiella pneumomae, Proteus vulgaris, 
Alcahgenes faecalts, Aerobacter aerogencs, Psuedomo 
nas aeruginosa, and Bacillus subtihs The results 
of the screening are shown in Table I Duplicate 
determinations were made, and the zones of inhibi- 
tion w ere measured from the edge of the compound, 
which was insoluble in water in all cases, to the 
edge of growth 

Quantitative Determmations, — The six most 
promising compounds from the screening were 
tested quantitatively' against S aureus and E coh 
by a serial tube dilution method Each chelate (100 
mg , except in the case of biotin copper chelate, 
where 22 mg was used) was added to 100 ml of 
sterile distilled water and placed in an incubator at 
37° The mixtures were shaken occasionally 
during forty eight hours, by which time they had be 
come homogeneous A molecular equivalent of the 
parent compounds and of the corresponding metal 
salts copper sulfate, and cobaltous chloride, was 
also dissolved in 100 ml of sterile distilled wato 
All solutions were filtered through a sterile Berkefeld 
filter and 5 0 ml of each solution w a= serially diluted 

To all solutions was added 0 1 ml of a 1 100 dilution 
of a twenty-four hour broth culture of test organism 


After inoculation, all solutions were incubated at 
37°, and at intervals of one, two, four, and eight 
hours, a 4 mm loopful was transferred to a culture 
tube containing 5 ml of nutrient broth These 
subculture tubes were then incubated for ninety 
SIX hours at 37° and were examined visually for the 
presence of growth The highest effectne dilution 
of each chelate and control compound is shown in 
Table II 

RESULTS AND DISCUSSION 

As a result of the agar plate screening procedure 
(Table I ) SIX of the most active chelates were selected 
for the determination of bacteriostatic end points 
by serial tube dilution in nutrient broth The com 
pounds so determined were the (PASe copper com 
plex (4), (PAS)2 copper chelate (4), (INH)” cobalt 
chelate (5), gly cy 1 dl alanine copper chelate, metlii 
onine-cobalt chelate, and biotm copper chelate 
There is some question whether the biotin copper 
compound, isolated as a 3 2 combination of biotm 
to copper ion, is actually' a cy clic chelate or an open 
complex, since none of the usual criteria for chelation 
serve to distinguish the two m tins case The sig 
nificant growth inhibitory differences between this 
compound and copper ion indicate that the product 
IS not a salt 

Examination of Tabic II, showing the greatest 
dilutions at which growth inhibition of E coh and 5 
aureus in nutrient broth was noted, reveals that the 
(PAS)2-copper complex was devoid of activity, 
whereas the copper chelate was active It was less 
active toward E colt than either PASA or copper ion, 
but against S aureus was more active than PASA, 
and by the end of eight hours was approaching the 
activ'itv' of copper ion The (INH)- cobalt chelate 
was considerably more active than INU but dis 
tinctly less active than a molar equivalent of cobalt 
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Table II. — Iniiibitorv Concentrations of Several Metal Chelates in Vitro 








' 












Compound Hr — 

1 

2 

1 

8 

1 

2 

4 

8 

(PAS)jCii complex 









PASA 

1 04 

0 13 

0 13 

0 13 


4 17 

1 04 

1 04 

CuSO,-5H.O 

0 15 

0 07 

0 07 

0.07 


0 07 

0.07 

0.07 

(PAS)«Cu chelate 

2 60 

2 60 

2 60 

0.32 


1.30 

0.65 

0.16 

PAS.'V 

0 65 

0 16 

0 16 

0 08 


5.16 

2 68 

1 29 

CuSOvSHtO 

0.18 

0 09 

0 09 

0 09 


0 05 

0 05 

0.05 

(INH).Co 

1.35 

0 04 

0 01 

0 005 

0 62 

0 62 

0 31 

0 08 

INH 

3.12 

0 20 

0 20 

0 025 





CoCl;6H:0 

0 15 

0 02 

0 002 

0 001 


0 15 

0 04 

0 009 

Glycvlalanine Cu 



1 38 

0 04 


0 34 

0.17 

0 08 

GIvcylalanine 









CuSOi-SHsO 

0 09 

0 05 

0 05 

0 05 


0 05 

0 05 

0 05 

Methionine Co 




0 01 

0 70 

0 02 

0 005 

0 005 

Methionine 




2 75 


2 75 

0 02 

0 01 

CoCb CH:0 

0 18 

0 05 

0 001 

0 001 


0 09 

0 02 

0 005 

Biotin Cu 

0 007 

0 003 

0 003 

0 003 




0 003 

Biotin 









CuSO, SH-O 

0 09 

0 05 

0 05 

0 05 


0 04 

0 04 

0 04 


° A dash indicates that no inhibition of growth was observed at a concentration of 100 mg % of chelate or its molar eqmva 
lent in the case of the chelating agent and metal ion 


ion against both organisms Glycyl-DL-alaninc-cop- 
per chelate reached the activity of copper ion in eight 
hours, although it was much less active in the 
shorter periods of time where observations were 
made. Methionine-cobalt chelate, however, pre- 
sents a different picture Against E coh it showed 
no effect until eight hours had passed, when it had 
one-tenth the activity of cobalt ion, against 5 
aureus the chelate showed greater activity than co- 
balt ion until eight hours had passed, when the two 
i.activitics became equal. The biotin-copper com- 
ple-T shows a fifteen-fold greater activity against both 
organisms than copper ion alone. 

It appears in the cases of (PAS)j-coppcr chelate, 
(INH) 2 -cobalt chelate, and glycyl-DL-alanine-copper 
chelate that the antibacterial action is parallel to, 
or at least increases with, the partial dissociation of 
the chelate The activity cannot be due wholh’ to 
dissociation, however, or the (PASii-copper com- 
ple\, which is less stable than the chelate (4), would 
show greater activity than the chelate The action 
o! the methionine-cobalt chelate on the other hand 
does not seem to parallel that of the cobalt ion 
Here, no activity is found against E coH until eight 
hours have passed, which is true likewise for methi- 
onine itself, while the action against 5 aureus in- 
creases with time but is greater than that of cobalt 
■on until the eight-hour observation period It is 
nnprobable that the quantities of these compounds 
employed would affect the pH of nutrient broth 
sufficiently to cause different fates of dissociation of 
the chelates, and the growth of the two organisms 
does not provide different conditions of acidity (both 
cultures in the broth had a pH of 6 9) 

In the case of the biotin-copper complex we have a 
clear-cut example of a complex showing decidedly 
greater activity than the metal ion. Against one 
1 wganism, the activity does not materially increase 
V "ath time, whereas against the other, no activity is 


seen for eight hours, at which time it equals the 
activity shown w the other organism 

Some evidence has therefore been obtained, m the 
case of the biotin and methionine complexes, that a 
metal chelate or complex of a nonbacteriostatic 
agent can e.vert a distinctly greater growth inhibitory 
effect than a molecular equivalent of the metal ion 
It appears, however, in the case of the antitubercular 
agents, PASA and INH, as well as Tibione, that the 
antibacterial activity of their metal chelates is de- 
pendent in part on a partial disssociation of the che- 
late to give metal ion It may then be the case that 
formation of a metal chelate of these agents may in- 
crease the liposolubility sufficiently to aid m the 
passage of the cell wall (4, 5) and the chelate then 
dissociates within the cell, liberating toxic compo- 
nents Whether free metal ion can exist within the 
cellular environment (without undergoing chelation) 
or even in the nutrient broth employed in these ex- 
periments in sufficient quantity to exert a toxic effect 
is a question still unanswered 
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The Effect of Various Ointment Bases on the 
Percutaneous Absorption of Salicylates V 

Efifect of Type of Ointment Base 

By MOISE E. STOLARf, G. VICTOR ROSSI, and MARTIN BARR 

An approach to the_ evaluation of the percutaneous absorption of drugs from oint- 
ment bases is described. Salicylic acid and sodium salicylate were selected as test 
drugs for incorporation into ointment bases representing each of four physical types 
of ointment vehicles. These ointments were applied to the intact shaved skin of the 
mbbit and confined by a specially designed bandage. Concentration of salicylate 
in the blood was determined at hourly intervals following application of the oint- 
ment. Salicylic acid was most effectively absorbed from hydrophilic ointment. 
The extent of absorption from the other ointments studied, in decreasing order, was: 
hydrophilic petrolatum containing water, petrolatum, and polyethylene glycol oint- 
ment. Sodium salicylate was also absorbed to the greatest extent from hydro- 
philic ointment, although the degree of absorption was considerably less than that 
observed with salicylic acid. On the basis of salicylate blood levels, no significant 
absorption of sodium salicylate occurred from ointments prepared with petrolatum, 
hydrophilic petrolatum containing water, or polyethylene glycol ointment. 


A LTHOUGH a significant degree of percutaneous 
absorption is essential to the therapeutic 
usefulness of relatively few drugs applied topi- 
cally in the form of ointments, it is nevertheless 
desirable to know the extent of such absorption 
from the various types of ointment bases Such 
information is especially important in those cases 
in which absorption of drugs through the skin 
may lead to untoward reactions, sensitization, etc 
It was the primary aim of this study to develop 
a standardized procedure for determining the rel- 
ative degree of absorption of drugs through the 
skin, and for evaluating the various factors which 
influence percutaneous absorption 

This report is concerned with the influence of 
the type of ointment base on the percutaneous 
absorption of salicylic acid, a predominantly oil- 
soluble drug, and sodium salicylate, a predomin- 
antly water-soluble drug A subsequent report 
will consider the effect of various surface-active 
agents on the absorption of these drugs from four 
different physical types of ointment bases 


EXPERIMENTAL 


Preparation of Ointments — Salicylic acid and 
sodium salicylate, previously reduced to a fine pow- 
der in a ball mill and sifted through a No 80 sieve, 
were incorporated in ointment bases representing 
each of four physical types The bases selected 
were: petrolatum U S P XV, an oleaginous base. 
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hydropliihc petrolatum U S P XV in which Mate: 
was incorporated, a water-in-oil emulsion base, 
hydrophilic ointment U S P. XV, an oil-in-ivater 
base, and polyethylene glycol ointment U. S P 
XV, a water-soluble base. Salicylic acid ointments 
were prepared to contain 6% of the active ingredient 
and sodium salicylate ointments were prepared to 
contain 6 95% sodium salicylate, which is equivalent 
to 6% salicylic acid 

Analysis of Salicylic Acid Content of Oint- 
ments — An accurately weighed sample (2 Gm ) of 
salicylic acid ointment was transferred to a lOO-ml 
beaker to which was subsequently added 25 ml of 
ethyl alcohol warmed to 65° and previously neutral- 
ized with sodium hydroxide to phenolphthalein 


The mixture was stirred until the ointment first 
melted and then congealed The supernatant liquid 
was decanted and the procedure repeated In those 
cases where the ointment was miscible with alcohol, 
the sample was dissolved in 50 ml. of neutralized 
alcohol The salicylic acid content of the super- 
natant liquids from both extractions, or solution of 
the ointment base in alcohol, was determined accord- 
ing to the U S P XV assay for salicylic acid To 
compensate for possible interference from the various 
components in the ointment base, a blank composed 
of the vehicle without salicylic acid was analj'zed 
concurrently 

Analysis of Sodium Salicylate Content of Oint- 
ments. — A 2-Gm sample of sodium salicylate oint- 
ment, accurately weighed, was transferred to a 
100-ml beaker Sodium salicylate was either ex- 
tracted with two 12 5-ml portions of water warmed 
to 65°, or dissolved along with the base in 25 ml »' 
warmed water The extraction was achieved by al-\ 
ternatc melting and congealing of the ointment while 
being constantly stirred The sodium salicj'latc 
content of the supernatant liquids from both extra: 
tions, or the aqueous solution of the ointment, "us 
determined according to the U. S P XV assay lor 
sodium salicylate To compensate for possible m 
terference from the ingredients of the ointment base, 
a blank composed of the vehicle without sodium sah- 
cylate was analyzed concurrently. 
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All salicylic acid oititiiiciUs assayed to contain 
5,90-0.05% salicylic acid ; all sodium .salicylate oint- 
ments assayed to contain G.SO-7.10% sodium salicy- 
late, equivalent to 5.80-6.12% salicylic acid 
Test Animal. — Male New Zealand white rabbits 
weighing between 3.0 and 3 6 Kg. were used through- 
./oiit the study. The animals were maintained on 
Purina rabbit pellets and water ad hbitiiui and 
housed individually in temperature and humidity 
controlled quarters. All experiments were per- 
formed in these same quarters. 

Application of Ointment. — Hair was removed* 
from the skin of the dorsal area between the forelegs 
and hind-legs on both sides of the spine twenty-four 
hours prior to application of the ointment 
A bandage was devised to restrict and control the 
area of contact between the ointment and the skin of 
the rabbit. Theedges of an S.35 X 14.7 cm. piece of 
aluminum foil were doubled over and flattened 1 cm 
on each side to produce a rectangular plate measur- 
ing 6.35 X 12.7 cm, with a 1-cin. reinforced margin 
•An accurately weighed 7 5-Gm, sample of ointment 
Has uniformly spread over one surface of the plate, 
whose opposite side was centered on a 7 5 X 2') cm 
strip of adhesive tape. The entire assembly was 
then applied to the shaved skin of the rabbit and 
carefully adjusted to conform to the contours of the 
wea. To minimize contamination and insure ade- 
quate contact between the ointment and the skin, 
this assembly was covered with an Ace elastic band- 
age and fastened with strips of gauze bandage around 
the forelegs and hind-legs of the animal. The various 
components of the bandage are illustrated in Fig. 1. 
and the appearance of the bandage applied to the 
rabbit’s skin is illustrated in Fig. 2. The ointment 
remained in contact with the skin for the nine-hour 
experimental period. 

Procedure. — Due to time limitations, not more 
than seven animals could be utilized during any one 
experimental day'. Therefore, on each of ten con- 
secutive experimental day.s, ointments containing 
either salicy’lic acid or sodium salicylate prepared 
with the various type ointment bases were studied 
together with a salicylic acid ointment prepared 
from hy'drophilic ointment U. S P. XV, as a control. 

One and one-half milliliters of blood were with- 
drawn from the mar^nal ear vein of the rabbit prior 
to, and at hourly intervals for nine hours after appli- 
cation of ointment. The blood samples were al- 
lowed to clot at room temperature and were then 
chilled in a refrigerator. After centrifugation at 
2,500 r, p. m. for thirty minutes, the serum was an- 
alyzed for salicylate according to the method de- 
scribed by Ungar, cl al. (1). The results obtained 
from a group of ten animals treated with each oint- 
ment base were analyzed by analysis of variance and 
the "t" test (2). 

RESULTS 

The relative e.xtent of absorption through the in- 
tact rabbit skin of salicylic acid incorporated in hy- 
drophUic ointment, petrolatum, hy'drophilic petrola- 
tum containing water, and polyethylene glycol oint- 
ment, as determined by' blood salicylate concentra- 
tion (results expressed as mg. % salicylic acid), is 

electric animal clipper, model A-?, Ang-Ra No. 2 



Fig 1. — Components of the bandage used in applica- 
tion of test ointments to the shaved rabbit’s skin. 



Fig 2 — Appearance of bandage assembly in position 
on the rabbit. 


presented in Fig 3 The results of a similar study 
conducted with sodium salicy'Iate are illustrated in 
Fig 4 Each point on the graph represents an aver- 
age of the determinations on groups of ten rabbits. 

On the basis of the mean hourly' blood levels of 
salicylate, as reported in Figs. 3 and 4, it is apparent 
that the type of ointment base exerts a definite in- 
fluence on the extent of percutaneous absorption of 
both salicylic acid and sodium salicylate. It may' 
also be noted, however, that the effect of the oint- 
ment base is considerably greater in regard to the ab- 
sorption of salicylic acid as compared to sodium 
salicylate. 

Salicylic acid was absorbed through the skin to a 
greater extent from hydrophilic ointment than from 
the other types of bases investigated. The extent of 
absorption of salicy'Iic acid from the ointment bases 
studied, in decreasing order, was found to be: hy- 
drophilic ointment, hydrophilic petrolatum, and 
petrolatum. Statistical analyses indicated a signifi- 
cant difference among the average blood salicylate 
concentrations obtained after application of each of 
these ointments. As measured by' blood salicy'Iate 
level, the degree of absorption of salicy'Iic acid from 
poly'ethy'lene glycol ointment ivas negligible. 

According to the criterion employ'ed in this study', 
percutaneous absorption of salicylic acid and sodium 
salicylate occurred maximally between the fourth 
and sixth hour after application of the ointment to 
the skin of the experimental animal. It is, of course. 
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Fig. 3. — The effect of tlie type of ointment base on 
the percutaneous absorption of salicylic acid. O, 
hj'drophilic ointment; A, hydrophilic petrolatum 
with water; •, petrolatum; ▲, polyethylene glycol 
ointment. 



Fig. 4. — ^The effect of the type of ointment base on 
the percutaneous absorption of sodium salicjdate. 
O hydrophilic ointment; •, hydrophilic petrola- 
tum with water; A, petrolatum; A, polj’ethj-lene 
glycol ointment. 


recognized that the blood salic\*late level at anr 
given time represents a complex interaction of such 
factors as absorption, storage, biotransformation, 

and excretion. u t i 

Sodium salicylate was found to be absorbed 
through the skin to a measurable degree when in- 
corporated in hydrophilic ointment, although the ex- 
tent of absorption was considerably less than that ob- 
served with salicylic acid ointments prepared with 


this base. Statistical analyses of blood salicylate 
concentrations indicated that there was no signifi- 
cant absorption of sodium salicylate from ointments 
compounded with petrolatum, hydrophilic petrola- 
tum containing water, or polyethylene glycol oint- 
ment. 


DISCUSSION 

Method. — The procedure developed in this in- 
vestigation eliminates certain variables inherent in 
previous methods for studying percutaneous absorn- 
tion, which may, in part, be responsible for the 
numerous contradictory statements regarding drug 
absorption to be found in the literature. For ex- 
ample, inunction of the ointment base, which is 
commonly employed in absorption studies, was 
avoided in this investigation since it is obviously diffi- 
cult to control adequately the force of application 
and surface area involved. 

Following a study of dermal permeability in 
chronically heat- and humidity-stressed rats. Clay 
and Nelson (3) suggested that the dermal permeabil- 
ity’ of drugs may be altered by stress. To minimize 
the occurrence of a situation w'hich might possibly be 
considered as stressful, in this study all animals were 
conditioned to the experimental routine twice weekly 
for a period of one month prior to performance of the 
actual experiments and were not, at any time, placed 
in a restraining device. 

Previously reported quantitative methods for 
studying percutaneous absorption have generally 
consisted of a one-point determination of test com- 
pound in either urine or blood collected at a specified ' 
interval after application of the ointment. The 
technique employed in this investigation, whereby 
blood salicylate concentration xvas determined at 
hourly intervals for an extended period of time fol- 
lowing application of the ointment, xvas thought to 
enable a more valid comparison of the extent of per- 
cutaneous absorption of medicament from various 
ointment bases. 

Solubility of Drugs. — With the ointment bases 
utilized in this study it xvas found that salicylic acid, 
a piedominantlj’ oil-soluble drug, xvas substantially 
absorbed through the skin and xvas absorbed to a 
much greater extent than sodium salic 3 ’late, a pre- 
dominantly’ xvater-soluble compound. 

It is the opinion of many investigators in this field 
that oil-soluble substances are absorbed through the | 
skin, xvhereas xx-ater-soluble or oil-insoluble sob- 
stances are not or only’ poorly’ absorbed, since the j 
skin is largely impermeable to xx-ater and therefore 
to xvater-soluble compounds. 

The percutaneous absorption of oil-soluble sub- 
stances is often quite rapid and the extent of absorp- I 
tion appears to increase in those cases xx'here the 
compound possesses a degree of xvater solubility' 
addition to oil solubility. Despite extensive reports 
in regard to the influence of oil and xvater solubility 
on percutaneous absorption (4-7), it has not been 
established that the percutaneous absorption of com- 
pounds is a function of their distribution coefficients 
(i. e., oil solubility /xvater solubility). 

Bischler, el al. (8), refute the necessity’ of xvater 
solubility’ in regard to the absorption of compounds 
through the skin. They’ demonstrated excellcn 
percutaneous absorption of oleates of certain alkU' 
ioids xvhich they’ state to be “insoluble in xvater. 
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Oil the other hand, it has been shown by tlic use of 
immunologic procedures that oil-insoluble antigens 
are absorbed from either oiulmculs or wet-packs 
(9-12), although the degree of absorption is ad- 
mittedly small. 

Considerable emphasis has been placed on the im- 
portance of oil solubility, since it is believed that this 
property tends to enhance percutaneous absorption 
by the transfolUcular route (13). In contrast, rela- 
tively little attention has been directed to the 
influence of the solubility of the drug in the ointment 
vehicle on the extent of percutaneous absorption 
This factor will be considered in a subsequent publi- 
cation. 

It remains equivocal as to whether sodium 
salicylate is absorbed through the intact skin as such 
or only after conversion to salicylic acid. A study 
by Schwenkenbecher (14) in 1904 indicated that 
salicylates per sc were not absorbed percutancously 
This conclusion was drawn from an experiment in 
which salicylate but not lithium ion was found in a 
urine sample collected twenty-four hours after the 
topical application of a 2% lithium salicylate solu- 
tion. Schwenkenbecher, therefore hypothesized 
that salicylate salts were converted in the skin to 
salicylic acid which was subsequently absorbed and 
excreted in the urine. More recent renal excretion 
studies (15) indicate, however, that the lithium ion 
does not appear in the urine until two to three days 
after the oral ingestion of lithium chloride 

Aqueous solutions of sodium salicylate (6 9S%), as 
well as sodium salicylate ointments having a con- 
tinuous aqueous phase, were found to have a pH 
range of 6 2 to 6.5. The pH of the skin of the rabbit 
was determined to range from 6.0 to 7.4, values 
which are in agreement with those previously re- 
ported (16). Therefore, it is doubtful that the con- 
centration of free salicylic acid present at such pH 
values could account for the amounts detected in the 
blood of rabbits examined during this investigation. 

Effect of Type of Ointment Base. — The results ob- 
tained in the study of percutaneous absorption of 
salicylic acid from various types of ointment bases, 
agree, in general, with the findings of Monocarp 
(17, 18) who demonstrated that salicylic acid was 
absorbed to a greater extent from an oil-in-water 
emulsion base than from a water-in-oil emulsion type 
base or an oleaginous base These data are futher 
substantiated by the results of a clinical study con- 
ducted by Polano, et al. (19), who demonstrated by a 
series of patch tests that the degree of skin irritation 
produced by 20% salicylic acid ointments was sub- 
stantially greater with an oil-in-water emulsion ve- 
hicle than with a water-in-oil emulsion base. These 
investigators found no evidence of irritation follow- 
ing topical application of salicylic acid incorporated 
in polyethylene glycol ointment. 

The influence of the ointment base on the extent of 
absorption of sodium salicylate was less distinct than 
in the case of salicylic acid, inasmuch as a measurable 
degree of absorption of sodium salicylate was ob- 
served only when hydrophilic ointment was used as 
the vehicle. Application to the rabbit’s skin of so- 
dium salicylate ointments prepared with petrolatum, 
hydrophilic petrolatum containing water, or poly- 
ethylene glycol ointment, rvas not followed by sta- 


tistically significant blood salicylate levels. The 
possibility remains, liowever, that some degree of 
sodium salicylate absorption did occur from the lat- 
ter three ointments, which could not be detected on 
the basis of blood salicylate level. Evidence for this 
assumption may be based on the known biologic 
properties of salicylates, and the indicative but not 
stofistically significant blood salicylate concentra- 
tions obtained with petrolatum and hydrophilic pe- 
trolatum ointments. 

Since the literature in regard to percutaneous ab- 
sorption of sodium salicylate is meager, it was not 
possible to corroborate tlie results obtained in this 
study. However, Kionka (20) and Miyazaki (21) re- 
ported the absorption through the skin of sodium 
salicylate incorporated in lanolin, a water-in-oil 
emulsion type base, and petrolatum containing olive 
oil These authors did not note any significant dif- 
ference in the extent of absorption from the two 
types of ointment bases Valette and Cesar (22) 
demonstrated the superiority ot an oil-in-water type 
base to other liquid vehicles with respect to the per- 
cutaneous absorption of sodium salicylate 


SUMMARY 


1. A procedure, utilizing the intact rabbit 
skin, is described for the study of percutaneous 
absorption of drugs 

2. The relative extent of percutaneous absorp- 
tion of salicylic acid and sodium salicylate from 
four different physical types of ointment bases 
was investigated. 

3 The influence of the type of ointment base 
on the absorption of salicylic acid and sodium 
salicylate through the skin is considered. 
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The Effect of Various Ointment Bases on the 
Percutaneous Absorption of Salicylates II* 

Efifect of Surface-Active Agents 

By MOISE E. STOLARf, G. VICTOR ROSSI, and MARTIN BARR 


The efifect of the inclusion of several concentrations of surface-active agents in four 
different types of ointment bases on the percutaneous absorption of salicylic acid and 
sodium salicylate was determined. Hydrophilic ointment, petrolatum, hydrophilic 
petrolatum containing water, and polyethylene glycol ointment were modified either 
by varying the concentration of surface-active agent present in the U. S. P. XV 
formula, or by adding varying amounts of surface-aaive agents to those bases in 
which none was originally present. Sorbitan monostearate, polyoxyethylene 20 
sorbitan monostearate, and polyoxyethylene 40 stearate were studied as representa- 
tive of lipophilic and hydrophilic surface-active agents of the nonionic type. The re- 
sults indicate a correlation between percutaneous absorption and the degree of in- 
teraction of the polyoxyethylene groups present in the hydrophilic surface-active 

agents with the salicylates. 


^ I 'he current concept of the role played by 
the ointment base in percutaneous absorption 
is that it facilitates contact between the medica- 
ment and the absorbing cells of the sebaceous 
glands and hair follicles. Bliss (1) has indicated 
that the properties of the drug itself, rather 
than the ointment vehicle, are the major deter- 
mining factors in absorption from the skin. 
The vehicle may, however, modify the absorp- 
tion properties of drugs which are capable of 
penetrating the skin. 

Surface-active agents provide a means of 
improving ointment bases and enhancing the 
percutaneous absorption of drugs, as indicated 
by Dodd, el al. (2), by promoting diffusion of 
the medicament from the vehicle, or as sug- 
gested by Sweet (3), by emulsifying the sebum. 

Although it is the opinion of several investi- 
gators (2-5) that surface-active agents increase 
the absorption of compounds incorporated in 
topical preparations, there are relatively little 
in vivo experimental data to substantiate this 
hypothesis. The present study was instituted 
to provide additional information in reference to 
the influence of surface-active agents on the ab- 
sorption of drugs from ointment bases. The 
factors specifically considered were the effects of 
several surfactants, incorporated in various 
concentrations in four different physical types of 
ointment bases, on the percutaneous absorption 
of salicylic acid, a primarily oil-soluble drug, 
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and sodium salicylate, a predominantly water- 
soluble compound. 

Petrolatum U. S. P. XV; hydrophilic petrola- 
tum U. S. P. XV, to which water was added; 
hydrophilic ointment U. S. P. XV; and poly- 
ethylene glycol ointment U. S. P. XV were 
modified either byt varying the concentration of 
surface-active agent indicated in the U. S. P. 
formula, or by adding various concentrations of 
different surfactants to those bases in which 
none was originally present. Sorbitan monoste- 
arate (Span 60),’ polyoxyethylene 20 sorbitan 
monostearate (Tween 60),’ and polyoxyethylene 
40 stearate (Myrj 52)’ were selected as repre- 
sentative of lipophilic and hydrophilic surface- 
active agents of the nonionic type. 

In order to elucidate the results obtained with 
ointments prepared from bases containing poly- 
ethylene glycols or surface-active agents of the 
polyoxyethylene sorbitan fatty acid ester type or 
the polyoxyethylene esters of fatty acid type, 
the effect of such substances on the solubility of 
salicylic acid and sodium salicylate in aqueous 
solutions was studied. 

EXPERIMENTAL 

The experimental procedure and methods of 
analysis for salicylic acid and sodium salicylate in 
the ointment bases and in blood were previously 
described (6). 

Preparation of Ointment Bases. — The various •• 
modifications of petrolatum and polyethylene glycol 
ointment were prepared by adding specified 
amounts (see Table I) of either Span 60 or Tween 00 
to these bases warmed to 70°. The 70° tempera- 
ture was maintained until the surface-active agents 
were either dissolved or dispersed in the melted base 
which was then allowed to cool to room temperature 
with constant stirring. 

* Atlas Powder Co,, Wilmington, Del. 
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on the extent of absorption of salicylic acid and 
sodium salicylate through the intact rabbit skin, 
depending primarily on the properties of the sur- 
factant and the ointment base. 

The addition of Tween 60 or Span 60 to petrola- 
tum had no effect on the extent of percutaneous ab- 
sorption of salicylic acid when these surfactants 
were present in a concentration of 1%, as may be 
seen in Figs. 1 and 2. A marked increase in drug 
absorption occurred in all cases when the concentra- 
tion of these surfactants was increased to 5 or 10%, 
however, there was no significant difference either 
between the effects produced by the two different 



Fig. 4 — The effect of various concentrations of 
sorbitan monostearate in petrolatum on the per- 
cutaneous absorption of sodium salicylate Sorbitan 
monostearate; O, 1%; A. 5%; m, 10% 


surface-active agents or between the 5 and 10% con- 
centrations. 

Addition of either 1, 5, or 10% of Tween 60 to 
petrolatum had no effect on the percutaneous ab- 
sorption of sodium salicylate (Fig. 3). The incor- 
poration of Span 60 in concentrations of 1, 5, and 
10% in petrolatum, in each case, resulted in a marked 
increase in the extent of sodium salicylate absorp- 
tion (Fig. 4), however there was no significant dif- 
ference among the effects produced by the different 
concentrations. 

Span 60 incorporated in 5 or 10% concentrations 
in hydrophilic petrolatum, to which water was added, 
did not alter the extent of percutaneous absorption 
of salicylic acid or sodium salicylate as compared to 
the absorption of these compounds from the base 
without the inclusion of the surfactant (Figs. 5 and 
6). A decrease in the absorption of salicylic acid 
was observed upon the addition of increasing con- 
centrations of Tween 60 (Fig. 7) and Myrj 52 (Fig 
8) to hydrophilic ointment, however, the differences 
in blood salicylate levels obtained with the 3 and 5% 
concentrations of both surfactants were not statis- 
tically significant. There was no comparable re 
duction in the extent of absorption when these 
bases were employed as vehicles for sodium sali- 
cylate (Figs. 9 and 10). 

On the basis of the blood salicylate level, neither 
salicylic acid nor sodium salicylate vvas absorbed to 
a significant extent through the skin of the rabbit 
when these compounds were incorporated in poly- 
ethylene glycol ointment (6). Furthermore, the 
inclusion of various concentrations of either Myrj 52 
or Tween 60 did not lead to a significant degree ol 
absorption of salicylic acid or sodium salicylate 
from polyethylene glycol ointment (7). 



g — xhe effect of various concentrations of 
sorbitan monostearate in hydrophilic petrolatum 
containing water on the percutaneous absorption of 
salicylic acid. Hydrophilic petrolatum comaimng 
water O; sorbitan monostearate: A. o/o, •, 
10%.’ 



TIME IK HOURS 


Fig. 6. — The effect of various concentrations of 
sorbitan monostearate in hydrophilic petrolatum 
containing water on the percutaneous absorption ol 
sodium salicylate. Hydrophilic petrolatum oontam- 
ing water, a; sorbitan monostearate: 0> o/o. 

A, 10%. 
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Fig, 7 . — The effect of various concentrations of 
polyoxyethylene 20 sorbitan monostearate in hydro- 
philic ointment on the percutaneous absorption of 
salicylic acid. Polyoxyethylene 20 sorbitan mono- 
stearate: 0,3%: A, 5%: *,10%. 


DISCUSSION 


One of the most interesting observations made 
during this study %vas that when substances con- 
taining polyoxyethylene groups were present in oint- 
ment bases, a marked reduction in the extent of per- 
cutaneous absorption of salicylic acid resulted. 
This was demonstrated in studies performed with 
hydrophilic ointment containing Tween 60 and Myrj 
52, and in the experiments utilizing polyethylene 
glycols. 


Numerous papers have noted the interaction of 
compounds possessing phenolic hydroxyl groups 
with substances containing polyoxyethylene groups 
(8-14). Salicylic acid, in particular, has been 
shown to interact with polyoxyethylene groups (13). 
Therefore, it may be assumed that the reduction in 
the absorption of salicylic acid from ointment 
bases containing substances having polyoxyethylene 
groups is due to an interaction between these 
groups and the phenolic hydroxyl group of salicylic 
acid. The degree of interaction was assessed by 
determining the aqueous solubilities of salicylic acid 
and sodium salicjdate in the presence of various con- 
centrations of polyethylene glycol 400, Tween 60, 
and Myrj 52. 

It Was found that an increase in the concentration 
the surface-active agents containing polyoxy- 
ethylene groups increased the aqueous solubility of 
salicylic acid (Table II). In addition, the solubility 
m salicylic acid increased progressively with an 
increase in the concentration of polyethylene glycol 



Fig. S. — The effect of various concentrations of 
polyoxyethylene 40 stearate in hydrophilic ointment 
on the percutaneous absorption of salicjdic acid. 
Polyoxyethylene 40 stearate; o. 3%; A, 5%: 
•, 10 %. 



i<ig. a. — ine enect ot various concentrations of 
polyoxyethylene 20 sorbitan monostearate in hydro- 
philic ointment on the percutaneous absorption of 
sodium salicylate. Polyoxyethylene 20 sorbitan 
monostearate; O, 3%; A, 5%; •, 10% 
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Table II. — Solubility (25°) of Salicylic Acid in Water” Containing Various Concentrations of 
Polyethylene Glycol 400, Tween 60, or Myrj 52 


Polyethylene 

Salicylic Acid 


Salicylic Acid 



Glycol 400, 

in Solution, 

Tween GO, 

in Solution, 

Myrj 52, 


% w/v 

Gm /lOO ml 

% w/v 

Gm /lOO ml 

% w/v 

Gm /lOO mi 

0 

0 23 

0 

0 23 

0 

0 23 

1 

0 25 

1 

0 37 

1 

0 37 

3 

0 27 

3 

0 61 

3 

0 60 

6 

0 31 

5 

0 86 

5 

0 87 

10 

0 41 

7 

1 06 

7 

0 94 

IS 

0 49 

10 

1 47 

10 

1 43 

20 

0 60 





30 

1 16 





40 

2.10 





50 

6 67 






” Sulfuric acid added to all solutions to produce a 6nal concentration of 0 003 HiSOi 



TIME IN HOURS 

Fig. 10. — The effect of various concentrations of 
polyoxi'ethylene 40 stearate in hydrophilic ointment 
on the percutaneous absorption of sodium salicylate 
Polyoxyethylene 40 stearate: o. 3%; A, 5%, 
•, 10 %. 

400 in the aqueous medium, whereas the solubility 
of sodium salicylate remained almost unchanged in 
the presence of substances containing polyoxy- 
ethylene groups (7). 

Various explanations have been advanced to ac- 
count for the improved solubility of substances in 
the presence of nonionic surfactants containing 
polyoxyethylene groups (15, 16). Regardless of 
the mechanism involved in the interaction of sali- 
cylic acid and the surface-active agents, from the re- 
sults of this study, it appears that a relationship 
may exist between the percutaneous absorption of 
salicylic acid and its tendency to associate with 
polyoxyethylene groups. 

Although the solubility of salicylates in sebum was 
not determined in this study, it may be theorized 
that one of the factors influencing the percutaneous 
absorption of a drug is its solubility in the vehicle 
as compared to its solubility in sebum. A distri- 
bution coefficient principle may be operative, i. e., the 
greater the solubiUty of the drug in the vehicle as 
compared to the sebum, the less the absorption 
through the intact skin. .... r . 

The aqueous solubility of salicylic acid was found 


to be improved in the presence of compounds con- 
taining polyoxyethylene groups. Since emulsion 
bases contain water either as a continuous or as a 
dispersed phase, and since they also contain sur- 
factants, the solubility of the drugs dispersed in such 
bases varies depending upon the specific surface- 
active agent present and its concentration. Such 
differential solubility, may, at least partly, account 
for the results obtained in this investigation as well 
as the results reported by other investigators. 


SUMMARY 


1. The effect of the presence of various sur- 
face-active agents in petrolatum, hydrophilic 
petrolatum, hydrophilic ointment, and poly- 
ethylene glycol ointment, on the absorption of 
salicylic acid and sodium salicylate through 
the intact rabbit skin was investigated. 

2 A concept is presented which relates the 
extent of percutaneous absorption of a drug to 
its relative solubility in sebum and the vehicle in 
which it is incorporated 
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The Synthesis of Some Glycidic Esters as Potential 

Antispasmodics * 

By GARY OMODTt and OLE GISVOLD 

When tropine is esterified with an appropriate acid, an active antispasroodic results. 

In order to study a change in the linkage between the nitrogen ring system and the 
add moiety, a series of glycidic esters was prepared utilizing tropinone as the starting 
ketone in the Darzens condensation. Another series was prepared utilizing 1- 

methyl-4-piperidone. 


P REVIOUS PUBLICATIONS (1-5) indicate that 
tropeines are, in general, more active as anti- 
spasmodics than pseudotropeines. If a Fisher- 
Taylor-Hirschfelder model of a tropeine is com- 
pared to tliat of a pseudotropeine, it can be seen 
that the distance between the N-methyl and the 
carbonyl of the tropeine differs significantly from 
the corresponding distance in the pseudotropeine. 
Presumably, the N-methyl-carbonyl distance in a 
tropeine is more favorable for competition with 
acetylcholine than is the N-methyl-carbonyl dis- 
tance in a pseudotropeine. This could account 
for the difference in activity. 

If tropinone is condensed with ethyl cliloro- 
acetate and the product transesterified with an 
appropriate alcohol, a compound will be obtained 
that would structurally resemble botfi a tropeine 
and a pseudotropeine and yet would possess an 
N-methyl-carbonyl distance differing from both. 
The purpose of this study is to determine if this 
would be beneficial or detrimental to antispas- 
modic activity. 



A gLYCIOiC ESTEB 


It can be seen that the conformation of the 
epoxide ring would affect the N-methyl-carbonyl 

♦ Received August 17, 1959, from the College of Pharmacy, 
university of Minnesota, Minneapolis 14. 

Abstracted from a thesis submitted to the Graduate 
Faculty of the University of Minnesota fay Gary Omodt in 
^rtiaf fulfillment of the requirements for the degree of 
Doctor of Philosophy. 

t Present address: South Dakota State College of Agricul- 
ture and Mechanic Arts, Brookings, S. D. 


distance and thus the activity of the compound. 
Nevertheless, no attempt was made to determine 
the isomeric content of tlie compounds prepared, 
A preliminary pharmacological evaluation indi- 
cated that this type of glycidic ester possessed 
considerable antispasmodic activity (see Fig. 1). 



Fig. 1. — Pharmacological evaluation of benzo- 
hydryl 6-methyl-l-oxa-6-aza-spiro-(2,5)-octane-2- 
carboxylate hydrochloride (P) and benzohydryl 
5,8 - methyiimino - 1 - oxa - spiro - (2,6) - nonane- 
2-carboxylate bydroebioride ( r). • 

The alcohols that were used in the transesterifi- 
cations were; benzohydrol, dicyclohexylmetha- 
nol, cydohexanol, and l-methyl-4-piperidmol. 
Benzohydrol was chosen in an attempt to emu- 
late the configuration of diphenylacetyl tropeine 
(an active antispasmodic). Cydohexanol was 
used to determine the effect of size of the alkyl 
portion on the activity, and l-methyl-4-piperidi- 
nol (assuming the cydohexyl esters to be active) 
was chosen to see what effect a basic notrogen, 
located equidistant on each side of the carbonyl, 
would have on activity. Quateraization of the 
product, obtained when transesterifying with this 
last alcohol, should result in a compormd possess- 
ing ganglionic blockade activity. The hydro- 
chlorides of the benzohydryl glycidic esters were 
extremely sensitive to hydrolysis, probably due to 
the stability of the benzohydryl carbonium ion. 
An attempt was made to reduce this rapid hydrol- 
ysis rate by substituting the dicydohexylmethyl 
group in place of the benzohydryl group. This 
would remove the possibility of formation of such 
a stable carbonium ion. 
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METHODS OF PREPARATION 

Tropinone was prepared aceording to the pro- 
cedure of Keagle, el al. (6). In the preparation of 
l-methyl-4-piperidone, the method of McElvain, 
el al. (7), was used. 

The Darzens condensation for the synthesis of 
glycidic esters employs a basic catalyst. The most 
commonly used catalysts are sodium ethoxide or 
sodamide (8), and in some cases potassium tertiary 
butoxide (9). Sodium hydride recently has been 
reported to be a useful catalyst in the Darzens 
condensation (10). Because sodium hydride- 
mineral oil suspension is so easily handled and 
stored, it was used as the Darzens catalyst. A 
general laboratory method for running a Darzens 
condensation was obtained from Organic Reactions 
( 11 ). 

A search of the literature indicated that dicyclo- 
hexylmethanol had been prepared by Mousseron, 
el al. (12), and also by Sabatier, el al. (13), via the 
Grignard reaction. However, the reaction condi- 
tions were not described in detail by either worker so 
the method of synthesis of di-n-butyl carbinol in 
Organic Syntheses (14) was followed. 

l-Methyl-4-piperidlnol could easily be produced 
by catalytic reduction of l-methyl-4-piperidone in 
the Parr bomb (15) but an alternate method was 
utilized because of the excellent yields and the 
simplicity of reaction. This was the sodium 
borohydride reduction of l-methyl-4-piperidone as 
described by Counsel (16) for the preparation of 2- 
hydroxyquinolizidine. 

The syntheses of the different alkyl glycidic 
esters were carried out by following the method of 
transesterification as modified by Counsel (17). 
This method makes use of sodium hydride as the 
catalyst and was quite applicable to all of the 
glycidic ester syntheses attempted. The general 
procedure consisted of dissolving the appropriate 
alcohol and the ethyl glycidic ester in 10(^150 ml. 
of anhydrous, redistilled Skellysolve C. The 
solution in a 500-ml., three-necked, round-bottomed 
flask equipped with a stirrer, Dean-Stark separator, 
reflux condenser, and drying tube was stirred and 
refluxed. A catalytic amount of sodium hydride 
suspension in mineral oil then was added to the 
refluxing solution. At this point, the reaction 
mixture became turbid and yellow colored. Reflux 
was continued, with stirring, for twenty hours, after 
which the Skellysolve C was removed by distillation 
under reduced pressure. When 15-20 ml. of 
material remained in the distilling flask, 200 ml. of 
ether was added and the resulting solution was 
washed four times with 50-ml. portions of distilled 
water. The washed ether solution was dried over 
anhydrous sodium sulfate for thirty minutes in the 
refrigerator. The ether was then removed by dis- 
tillation under redueed pressure and the residue 
distilled in vacuo. 


BIOLOGICAL RESULTS 

The pharmacologieal evaluation of the first two 
elycidic esters that were prepared was attempted in 
order to obtain some indication as to whether the 
elycidic esters of the type described might popess 
some antispasmodic activity. Since ciuite positive 
results were obtained (see Fig. 1), other potentially 


active esters were synthesized. It should be ad- 
mitted, however, that only one evaluation was run 
on each compound and this cannot be taken as good 
pharmacological evidence. 

EXPERIMENTAL 

All melting points recorded in this paper were 
taken by using a capillary tube melting point 
apparatus. The melting points are all uncorrected. 
The elemental analyses were performed by the 
microanalytical laboratory at the Department of 
Chemistry, University of Minnesota. 

Ethyl 6-Methyl-l-oxa-6-aza-spiro-(2,5)-octane- 
2-carboxylate (I) and Its Picrate. — A solution of 
48.8 Gm. (0.43 mole) of l-methyl-4-piperidone and 
53 Gm. (0.43 mole) of ethyl chloroacetate in 350 ml. 
of anhydrous toluene was placed in a one-liter, 
three-necked, round-bottomed flask equipped with 
a stirrer, thermometer, reflux condenser, and drying 
tube. The flask previously had been dried by 
heating with a flame while being swept out with a 
stream of dry nitrogen. The entire reaction was 
carried out under a stream of dry nitrogen. The 
reactants were cooled to 5° and 30.9 Gm. (0.69 
mole) of a 53.7% suspension of sodium hydride in 
mineral oil was added as rapidly as possible while 
maintaining the temperature at 5° with a dry ice- 
acetone bath. After the addition, commercial 
absolute ethanol (50 drops) was added, dropwise, 
to the stirred mixture while the temperature was 
maintained at 5°. After the effervescence bad sub- 
sided, the mixture was allowed to warm to room 
temperature and was stirred overnight. Glacial 
acetic acid (41.5 Gm., 0.69 mole) was then added 
while stirring and cooling in an ice bath. Enough 
water was added to dissolve the sodium acetate and 
the aqueous layer was removed and neutralized in 
the cold with potassium carbonate. The toluene 
layer was extracted with six 100-ml. portions of cold 
3 N hydrochloric acid. Each portion was neutral- 
ized immediately with potassium carbonate in the 
cold. All of the extracts (Including the neutralized 
acetic acid portion) were mixed and salted out with 
potassium carbonate and extracted continuously 
with ether for three days. After drying the ether 
extract over anhydrous sodium sulfate for one 
day and removal of the ether by distillation, the 
residue was vacuum distilled. The jmllow colored 
product, distilling at 85-100'’/0.35 mm., weighed 
61.4 Gm. (72.3% yield); n” 1.4650. 

A picrate was prepared by dissolving 1 Gm. of 
material in 25 ml. of ethanol and adding dropwise 
with stirring, a saturated solution of picric acid m 
ethanol. The picrate was recrystallized four times 
from an ethanol- water mixture (1:1) and dried 
overnight at 100° under vacuum; m.p. 174-175 . 

Abo/.— Calcd. for C,oH„N 03 ■ CsHjNaOy: C, 44.86; 

H, 4.79. Found; C, 44.85; H, 4.71. 

Ethyl S,8-Methylimino-l-oxa-spiro-(2,6)-non- 

ane-2-carboxylate (11) and Its Picrate. — This com- 
pound was prepared by following the method of ^ 
synthesis of compound I with the following modi- 
fications. Tropinone (37.6 Gm., 0.27 mole) was 
mixed with 33.2 Gm. (0.27 mole) of ethyl cbloro- 
acetate in 350 ml. of anhj'drous toluene. The 
reactants were cooled to —10° with a dry ico- 
acetone bath and 19.3 Gm. (0.43 mole) of a 53.1% 
suspension of sodium hydride in mineral oil was 
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added as rapidly as possible. After the addition, 
commercial absolute ctlumol (00 drops) was added 
dropwisc to the stirred reaction mixture while 
maintaining the tcinpcmlurc at —10°. The tem- 
perature then was allowed to rise slowly while 
keeping the effervcsccucc under control by raising 
and lowering the cooling bath. After the cfler- 
vcscence had subsided, the mixture was allowed to 
warm to room temperature and stirring was main- 
tained for eighteen hours. Glacial acetic acid 
(25.9 Gm.. 0.43 mole) then was added to the stirred 
suspension while cooling in an ice bath, The yellow 
colored product, distilling at 110-130°/0,3 mm., 
weighed 28.3 Gra. (46.5% yield); >i\>“ 1,4850. 

A picrate was prepared by dissolving 1 Gm. of 
material in 25 ml. of commercial absolute ethanol 
and adding, dropwise with stirring, a saturated 
solution of picric acid in commercial absolute 
ethanol. The picrate was rccrystallized four times 
from ethanol and dried overnight at 100° under 
vacuum; ra.p. 154-155°. 

Anal.— Cukd. for CiiHjsNO, ■ CcHsNjO, ; C. 47.58; 
H,4.S8. Found: C, 47.65; H, 5.01. 

Dicyclohexylmethanol. — Into a three-liter, three- 
necked, round-bottomed flask fitted with a 500-ml. 
dropping funnel, a stirrer, and a reflux condenser 
with drying tube, tvas placed 36,5 Gm. (1.5 gram- 
atoms) of magnesium turnings and 500 ml. of ab- 
solute ether. The synthesis was carried out by 
following the method for the sjaithesis of di-«- 
butyl carbinol in Organic Synthesis (14) and using 
correct molecular proportions of additional rea- 
gents. Also, the reaction mixture was not steam 
distilled. The cooled mixture of carbinol and 
aqueous potassium hydroxide was extracted first 
noth 200 ml. of ether and then with three additional 
100-ml. portions of ether. The combined ether 
extracts were dried over anhydrous potassium 
carbonate for one hour. After removal of the ether 
by distillation under reduced pressure, the residue 
was distilled, in vacuo, through a fractionating 
column, the fraction distilling at 125-128°/4.5 mm. 
being the product [reported b.p. 166°/20 mm. 
(13)j. The yield was 89.3 Gm. (60.8%), 

l-Methyl-4-piperidinol. — A solution of 1-methyI- 
4-piperidone (56.5 Gm., 0,5 mole) in 200 ml. of 
water was added slowly to a solution of 5.5 Gm, of 
sodium borohydride in 200 ml. of water. The 
mixture was stirred and kept cool with an ice bath 
during the addition. After allowing the mixture 
to stand at room temperature overnight, 73 ml. of 
concentrated ammonium hydroxide solution was 
added and the mixture allowed to stand for an 
additional hour. The solution then was saturated 
with anhydrous sodium sulfate. Two layers formed. 
The upper layer was removed and the lower layer 
was extracted two times with 200-ml. portions of hot 
benzene. The extracts were combined with the 
upper layer and the solvents were removed by dis- 
tillation under reduced pressure. The residue was 
vacuum distilled, the product distilling at 85- 
88°/6 mm, [reported b. p. 83°/under 8 mm. (18)]. 
The yield was 40.5 Gm. (70.4%); 1.4770. 

Benzohydryl 6-M6thyl-l-oxa-6-aza-spiro-(2,5)- 
octane-2-carboxylate and Its Hydrochloride and 
Picrate. — ^This compound was prepared by slightly 
inodifying the general procedure for transesterifica- 
tion. Bcnzohydrol (5,2 Gm., 0.028 mole) and 5.6 
Gm. (0.028 mole) of I were dissolved in 100 ml. of 


anhydrous, redistilled Skellysolvc C. After bring- 
ing the solution to reflux temperature and addition 
of the catalyst, the first ten 10-ml. portions of 
distillate were removed, each with the simultaneous 
addition of a 10-ml. portion of fresh Skellysolvc C 
to the reaction flask. The reaction mixture was 
then refluxed for twenty hours and worked up in the 
usual manner. The yellow colored product, dis- 
tilling at 200-205°/0.4 mm., weighed 4,4 Gm. 
(46.7% yield); 1-5525. 

A hydrochloride was prepared by adding, drop- 
wise with stirring, an ethereal solution of hydrogen 
chloride to a solution of 1 Gm. of material dissolved 
in 25 ml. of absolute ether. The precipitated hydro- 
chloride was filtered under an atmosphere of dry 
nitrogen because it was so hygroscopic. It was 
rccrystallized once from a mixture of commercial 
absolute ethanol and isopropyl ether. Further 
attempts at recrystallization for the purpose of 
preparing an analytical sample resulted in an oil 
which could not be recrystallized. The oil was 
forced to crystallize by drying under high vacuum 
at 100°; m. p. 173-175° (decompn.). This material 
tvas submitted, as such, for analysis. 

Calcd. for C-iH-jNOrHCl: C, 67.46; 
H, 6.47. Found: C, 59.11; H, 6.28. 

A picrate was prepared by dissolving 1 Gm. of 
material in 25 ml. of commercial absolute ethanol 
and adding, dropwise with stirring, a saturated 
solution of picric acid in commercial absolute 
ethanol. The precipitated picrate was recrystallized 
four times from an ethanol- water mixture (3:1) 
and dried overnight at 100° under vacuum; m. p. 
189-190°. 

Anal.—Ca.kd. forCuHijNOj-CeHsNsO,; C, 57,24; 
H, 4.63. Found : C, 57.33; H, 4.70. 

Dicyclohexybnethyl 6-MethyI-l-oxa-6-aza-spiro- 
(2,S)-octane-2-carboxylate and Its ^Toluene Sul- 
fonate and Picrate. — Anhydrous dicyclohexylmeth- 
ano! (5.9 Gm., 0.03 mole) and 5,9 Gm. (0.03 mole) 
of I were dissolved in 160 ml. of anhydrous, re- 
distilled Skellysolve C and the transesterification 
was accomplished by following the general procedure 
and using a modified Dean-Stark separator. ‘ The 
yellow colored product, distilling at 170-188° /0.4 
mm., weighed 7.2 Gm. (68.8% yield); 1.4923. 

A />-toluene sulfonate was prepared by dissolving 
1 Gra. of material in 25 ml of absolute ether and 
adding, dropwise with stirring, a saturated solution 
of p-toluene sulfonic acid monohydrate in absolute 
ether. The precipitated /^-toluene sulfonate was 
recrystallized four times from an acetone-isopropyl 
ether mixture and dried overnight at 100° under 
vacuum; m. p. 175-176°. 

Calcd. for Cj,H35N0rC7H»0.iS; C, 64.46; 
H, 8.31. Found: C, 64.67; H, 8.33. 

A picrate was prepared by dissolving 1 Gm. of 
material in 25 ml. of commercial absolute ethanol 
and adding, dropwisc with stirring, a saturated 
solution of picric acid in commercial absolute 
ethanol. The precipitated picrate was recrystallized 
four times from commercial absolute ethanol and 
dried overnight at 100° under vacuum; m. p. 
191-192° (decompn,). 

Aml.—Calcti. for C2,H,5NO.,-CeH3N307: C, 50,04 ; 
H,6.62. Found: 0,55.40; H, 0.60. 


* Modificfl by p.7ckinK with Rlass vnol and calcinm hydride 
so as to prevent any reilux of ctlianol into tlic reaction ndx- 
turc. 
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Cyclohexyl 6 - Methyl - 1 - oxa - 6 - aza-spiro-(2,5)- 
octane-2-carboxylate and Its p-Toluene Sulfonate 
and Picrate. — Anhydrous cyclohexanol (12.8 Gm., 
0.128 mole) and 7.2 Gm. (0.064 mole) of I were dis- 
solved in 150 ml. of anhydrous, redistilled Skelly- 
solve C and the transesterification was accomplished 
bj' following the general procedure and using a 
modified Dean-Stark separator.* The yellow 
colored product, distilling at 145-155°/0.2 mm., 
weighed 6.3 Gm. (37.2% jdeld); 1.4828. 

A p-toluene sulfonate was prepared by dissolving 
1 Gm. of material in 25 ml. of absolute ether and 
adding, dropwise with stirring, a saturated solution 
of p-toluene sulfonic acid monohydrate in anhydrous 
ether. The precipitated p-toluene sulfonate was 
recrystallized four times from an acetone-isopropyl 
ether mixture and dried overnight at 100° under 
vacuum; m. p. 132-133°. 

Anal. — Calcd. for Ci4H23N03-C7H803S: C, 59.27; 
H, 7.34. Found: C, 59.35; H. 7.34. 

A picrate was prepared by dissolving 1 Gm. of 
material in 25 ml. of commercial absolute ethanol 
and adding, dropwise with stirring, a saturated 
solution of picric acid in commercial absolute 
ethanol. The oily picrate was frozen in a dry ice- 
acetone bath and crushed with a stirring rod. 
The powdered picrate was recrystallized four times 
from methanol and dried overnight at 100° under 
vacuum; m. p. 139-140°. 

Anal.-r-Cakd. forCiiHo3N03 CfcH3N307: C,49 79; 
H, 5.43. Found: C, 49.83: H, 5.51. 

l-Methyl-4-piperidyl 6-Methyl-l-oxa - 6 - aza - 
spiro-(2,5)-octane-2-carboxylate and Its Methyl 
Bromide and Picrate. — This compound was prepared 
by slightly modifying the general procedure for 
transesterification. Anhydrous l-methyl-4-piperid- 
inol (5.8 Gm., 0.05 mole) and 10 Gm. (0.05 mole) 
of I were dissolved in 150 ml. of anhydrous, re- 
distilled Skellysolve C. After bringing the solution 
to reflux temperature and addition of the catalyst, 
the first 25 ml. of distillate were removed and 
reflux was continued, with stirring, for eighteen 
hours, after which, the Skellysolve C was removed 
bj' distillation under reduced pressure. The residue 
was distilled i« vactio.^ The yellow colored product, 
distilling at 145-155°/! mm., weighed 6.7 Gm. 
(50% yield); n“ 1.4876. 

A methyl bromide was prepared by dissolving 
1 Gm. of material in 20 ml. of anhydrous ether and 
adding 20 ml. of methyl bromide. The mixture 
was kept for three days at room temperature in a 
pressure bottle. The precipitated methyl bromide 
was filtered under dry nitrogen and recrj'stallized 
four times from a methanol-isopropyl ether mixture 
(filtering under dry nitrogen each time because of 
hj'groscopicity). The hygroscopic methj’l bromide 
was dried overnight at 100° under vacuum. A 
melting point could not be obtained under 270°. 
The compound, however, decomposed with charring 
over the range 189-270°. 

Anal. — Calcd. for CnH2iT4203*2CH3Br* */2ll20: 
C, 41.12; H, 6.69. Found: C, 40.99; H, 6.92. 

A picrate was prepared by dissolving 1 Gm. of 
material in 25 ml. of commercial absolute ethanol 
and adding it, dropwise with stirring, to 20 ml. 
of a saturated solution of picric acid in commercial 


5 The residue was distilled directly without washinc since a 
orevious synthesis of the same compound indicated that it 
was too water-soluble to permit washinx with water. 


absolute ethanol. The precipitated picrate w,is 
recrystallized four times from an acetone-ethanol 
mixture. The picrate first was dissolved in a 
minimum amount of acetone and an equal volume of 
commercial absolute ethanol was added to it. The 
resulting solution then was concentrated to one- 
half of its original volume and crystallization was 
allowed to take place. The recrystallized picrate 
was dried overnight at 100° under vacuum; m. p. 
203-204 ° ( decompn . ). i 

Anal. — Calcd. for ChH 24N203'2C6H3N307: C, 
42.98; H, 4.16. Found: C, 42.89; H, 4.35. 

Benzohydryl 5,8-Methylimino-l-oxa'Spiro- 

(2,6)-nonane-2-carboxylate and Its Hydrochloride 
and Picrate. — Benzohydrol (10.3 Gm., 0.056 mole) 
and 6.3 Gm. (0.028 mole) of II were dissolved in 
150 ml. of anhydrous, redistilled Skellj'solve C and 
the transesterification was accomplished by following 
the general procedure and using a modified Dean- 
Stark separator.* The yellow colored product, dis- 
tilling at 220-235°/0.1 mm., weighed 8.2 Gm. 
(80.6% yield); 1.5572. 

A hydrochloride was prepared bj' adding, drop- 
wise ivith stirring, an ethereal solution of hsjdrogen 
chloride to a solution of 1 Gm. of material dissolved 
in 25 ml. of absolute ether. The precipitated h)'dro- 
chloride was recrystallized four times from an 
acetone-isopropyl ether mixture and dried overnight 
at 100° under vacuum; m. p. 165-166° (decompn.). 

Calcd. for C25H.-,oN03-HCl: C, 69.07; 
H, 6.55. Found: C, 68.67; H, 6.49. 

A picrate was prepared by dissolving 1 Gm. of 
material in 25 ml. of commercial absolute ethanol 
and adding, dropwise with stirring, a saturated 
solution of picric acid in commercial absolute 
ethanol. The precipitated picrate was recrystal- 
lized four times from an ethanol-acetone mixture. 
The picrate was dissolved in a minimum amount of 
acetone and an equal volume of commercial absolute 
ethanol was added to it. The solution was con- 
centrated to one-half of its original volume and 
crystallization was allowed to take place. The 
recrystallized picrate was dried overnight at 100 
under vacuum; m. p. 184-185° (decompn.). 

Calcd. for CziHioNOj • CcHjNjO?: C, 58.78; 
H, 4.76. Found: C, 58.90; H, 4.96. 

Dicyclohexyl S,8-Methylimino-l-oxa-splro-(2,6)- 
nonane-2-carboxylate and Its Hydrochloride and 
Picrate. — Anhydrous dicyclohexylmethanol (3.9 
Gm., 0.02 mole) and 4 5 Gm. (0.02 mole) of II were 
dissolved in 150 ml. of anhydrous, redistilled 
Skellysolve C and the transestcrification was 
aceomplished by following the general procedure 
and using a modified Dean-Stark separator.* The 
yellow colored product, distilling at 185-200°/! 
mm., weighed 5.2 Gm. (69.5% yield); 1.5001. 

A hydrochloride was prepared by adding, drop- 
wise with stirring, an ethereal solution of hj'drogcn 
chloride to a solution of 1 Gm. of material dissolved 
in 25 ml. of absolute ether. The precipitated 
hydrochloride was recrystallized four times from an 
acetone-isopropyl ether mixture and dried overnight 
at 100° under vacuum; ra, p. 235-236° (decompn. at 
190°). 

A «a7.— Calcd . for C25H42NO, • HCl • H.O : C, 64.24 ; 
H, 9.31. Found: C, 64.57; H, 9.11. 

■ A picrate was prepared by dissolving 1 Gm. of 
material in 25 ml. of commercial absolute ethanol 
and adding, dropwise with stirring, a saturated 
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solution of picric acid in commercial absolute 
ethanol. The precipitated picrate was rccrystal- 
lizcd four times from absolute ethanol; m. p. 
189-190°. 

Calcd. for CjJd.sNOa ■ CcHaNjO,: C, 57.60; 
H, 6,67. Found: C, 67.90- H, 0.82. 

Cyclohexyl 5,8-Methylimino-l-oxa-spiro-(2,6)- 
nonane-2-carboxyiate and Its p-Toluene Sulfonate 
and Picrate. — ^Anhydrous cyclohexanol (5.6 Gm., 
0.056 mole) and 6.3 Gm. (0.028 mole) of II were 
dissolved in 150 ml. of anhydrous, redistilled 
Skellysolve C and the transesteriOcation was 
accomplished by following the general procedure 
and using a modified Dean-Stark separator.* 
The yellow colored product, distilling at 165- 
175°/6,5 mm., weighed 5.4 Gm. (69.3% jdetd); 

1.4961. 

A /(-toluene sulfonate was prepared by dissolving 
1 Gm. of material in 25 ml. of absolute ether and 
adding, dropwise with stirring, a saturated solution 
of /(-toluene sulfonic acid monohydrate in an- 
hydrous ether. The precipitated /(-toluene sulfo- 
nate was recrystallized four times from an acetone- 
isopropyl ether mixture and dried overnight at 100° 
under vacuum; m. p. 134-135°. 

dna/.— Gated, for CisHsoNOj-CiHbOjS: C, 61.17; 
H, 7.37. Found: C, 61.10; H, 7.49. 

A picrate was prepared by dissolving 1 Gm. of 
material in 25 ml. of commercial absolute ethanol 
and adding, dropwise with stirring, a saturated 
solution of picric acid in commercial absolute 
ethanol. The precipitated picrate was recrystallized 
four times from commercial absolute ethanol and 
dried overnight at 100° under vacuum; m, p. 
205-206° (decompn.). 

Calcd. for CuHsoNOr CbHbN,,©, : C,51 96; 
H, 5.55. Found: C. 51.96; H, 5,55. 

l-Methyl-4-piperidyl 5,8-Methylimino-l-oxa- 
spiro-(2,6)-nonane-2-carboxyiate and Its Methyl 
Bromide and Picrate. — ^This compound was pre- 
pared by slightly modifying the general procedure 
for transesterification. Anhydrous l-mcthyl-4- 
piperidinol (5.4 Gm., 0.047 mole) and 10.5 Gm. 
(0.047 mole) of II were dissolved in ISO ml. of 
anhydrous, redistilled Skellysolve C. After bring- 
ing the solution to reflux temperature and addition 
of the catalyst, a portion of distillate (350 ml.) 
was removed while simultaneously adding, drop- 
wise, 350 ml, of fresh Skellysolve C. Reflux was 
continued, with stirring, for six hours, after which 
the Skellysolve C was removed by distillation under 
reduced pressure. The residue was distilled in 
vacuo.- The yellow colored product, distilling at 
155-176°/0.45 mm., weighed 5.1 Gm. (36.9% 
yield); 1.4962. 

A methyl bromide was prepared by dissolving 1 
Gm. of material in 20 ml. of anhydrous ether and 
adding 20 ml. of methyl bromide. The mixture rvas 
kept three days at room temperature in a pressure 
bottle. The precipitated methyl bromide rvas 
filtered under dry nitrogen and recrystallized four 
times from a methanol-isopropj-l ether • mixture 
(filtering under dry nitrogen each time because of 
hygroscopicity). The very hygroscopic methyl 
bromide was dried overnight at 100° under vacuum. 
A melting point could not be obtained under 265°. 
The compound, however, decomposed with charring, 
over the range 230-265°. 


yl«a/.— Calcd. for C,sH5,N:03-2CHaBr-2H;0: C, 
41.16; H,6.97. Found: C, 41.13; H,7.19. 

A picrate was prepared by dissolving 1 Gm. of 
material in 25 ml. of commercial absolute ethanol 
and adding it, dropwise with stirring, to 20 ml. 
of a saturated solution of picric acid in commercial 
absolute ethanol. The precipitated picrate was 
recrystallized four times from an acetone-ethanol 
mixture. The picrate first was dissolved in a 
minimum amount of acetone and an equal volume 
of commercial absolute ethanol was added to it. 
The resulting solution then was concentrated to 
one-half of its original volume and crystallization 
was allowed to take place. The recrystallized 
picrate was dried overnight at 100° under vacuum; 
m, p. 227-228° (decompn.). 

Calcd. for C,sH,iNa03-2C6H3N50,: C, 
44.68; H, 4.29. Found: C, 44.72; H, 4.32. 

PHARMACOLOGICAL EVALUATION 

The apparatus for the pharmacological evaluation 
consisted o5 a glass cylinder 12 cm. high with an 
inside diameter of 5 cm A large rubber stopper 
equipped with a glass drain tube ivas fitted into one 
end of the cylinder. Rubber tubing was attached 
to the glass drain tube and the whole was immersed 
in a constant temperature bath in such a manner 
that the cylinder could be drained of its contents 
by applying suction to the rubber tubing while the 
cylinder remained immersed in the bath. A 
metal rod with a muscle hook was placed inside the 
cylinder and a muscle lever was situated so that its 
hook was located directly above the hook inside the 
cylinder. The muscle lever was so arranged that it 
would trace on a revolving kymograph drum covered 
with smoked kymograph paper. A glass tube, 
connected to a supplje of oxygen, was also placed 
inside the cylinder so that any solution inside the 
cylinder could be readilj' oxygenated. Locke’s 
solution (150 ml.) was placed in the cylinder and 
the temperature bath was warmed to 38° with a 
thermostatically controlled water heater. The 
temperature was maintained at 38 ± 0.1°. When 
the temperature of the Locke’s solution had reached 
38°, a flow of oxygen was started and a 4-cm. section 
of freshly excised rabbit ileum’ was attached to the 
muscle hooks so that the muscle section was com- 
pletely submerged in the warm Locke’s solution. 
The kymograph drum was slowly rotated and 10 ml, 
of a 0.3% solution of Mecholyl chloride* was added 
to the Locke’s solution. After the muscle had 
responded to the Mecholyl chloride, 0.1 ml. of a 
1% solution of atropine sulfate was added. The 
same procedure was employed rvith the following, 
utilizing a fresh section of ileum and 150 ml. of 
fresh Locke’s solution each time: 5 ml. of Mecholyl 
chloride (0,3%) followed by 0,2 ml. of compound 
F (1.2%), followed by an additional 0.2 ml. of com- 
pound P (1.2%); 10 ml. of Mecholyl chloride 
(0.3%) followed by 0.2 ml. of compound T (1.2%). 
All solutions were prepared by using recently 
boiled, distilled water as the solvent. The results 
of the pharmacological evaluation are shown in 
Fig. 1. 


* The freshly excised rabbit ileum was stored in a cold 
solution of Locke's solution and rabbit blood, 

< Trade name for methacholine chloride. 
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SUMMARY 

Eight new glycidic esters that may possess 
antispasmodic activity were prepared 
Two new glycidic esters were pharmacologically 
screened for their antispasmodic activity with 
apparently positive results 
Sodium borohydride was found to be effective 
in the reduction of l-methyl-4-piperidone 

Sodium h3^dride was found to be a convenient 
and efficient base in the Darzens condensation 
Sodium hydride was found to be a good catalyst 
in the transesterification of the glycidic esters 
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A Quantitative Method for the Alkaloid of 
Acacia herlandieri'' 

By BENNIE J. CAMP and JOAN A. MOORE 


Using the reagent l-fluoro-2, 4-dinitroben- 
zene, a rapid and reliable method is described 
for the quantitative estimation of N-methyl 
beta-phenylethylamine in Acacia berlandieri. 
The method appears to be specific for the 
amine since paper chromatograms of plant 
extracts failed to indicate the presence of 
interfering amines and alkaloids. 


A cacia berlandieri (guajillo) is a leguminous 
plant which contains a compound poisonous 
to certain animals Camp and Lyman (1) 
isolated and identified the poisonous principle 
as N-methyl beta-phenylethylamine 

It became necessary to develop a quantitative 
method for the determination of this sympatho- 
mimetic compound before the following studies 
could be made (a) the effects of environmental 
factors such as temperature and rainfall on the 
seasonal variation of the amine content of the 
plant, {h) the metabolism of the compound by 
microorganisms, (c) the deposition of the amine 
in certain mammaliam tissues, and (d) the com- 
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plexing of the amine with organic and inorganic 
compounds 

Mclntire, el al (2), demonstrated the use of 
l-fluoro-2, 4 dinitrobenzene as a quantitative 
reagent for certain primary^ and secondary amines 
The purpose of this paper is to report a quantita- 
tive procedure for assaying the N-methyl beta- 
phenylethylamine content of Acacia berlandieri 

EXPERIMENTAL 

Synthesis. — Since this amine is not available 
commercially, it was necessary to synthesize the 
compound To 5 L of dry K-butyl alcohol contain- 
ing 15 moles (465 Gm ) of anhydrous monomcthyl- 
amme are added 3 moles (555 Gm ) of (2-bromo- 
ethyl) benzene The vessel is stoppered and allotted 
to stand for twenty-four hours at room temperature 
It is then heated on a steam bath to increase the rate 
of reaction The monomethylamine hj'drobroinide 
which forms as a side product is removed by filtra- 
tion, and the supernatant liquid is concentrated to 
approximately 25% of its original volume by in 
vacuo distillation. Upon cooling, the hydrobromidc 
salt of the amine crystallizes from the K-butyl al- 
cohol The amine is converted to the hy'drochloridc 
salt by treating the «-butyl alcohol containing the 
amine hydrobromide salt with 40% sodium hydrox- 
ide until the alcohol phase becomes distinctly alka- 
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line. The free base formed by the addition of so- 
dium hydroxide is readily soluble in the «-butyl 
alcohol phase, and the alcohol and aqueous phases 
are separated by means of a separatory funnel. The 
))-butyl alcohol is dried over anhydrous sodium sul- 
fate, and anhydrous hydrogen chloride gas is passed 
into the alcohol solution until it becomes distinctly 
acid. If the w-butyl alcohol is not dry before the 
addition of the hydrogen chloride gas, then the 
hydrocliloride salt will contain water of crj’stalHza- 
tion which melts at a lower temperature, 141-142°. 
The compound is purified by dissolving in chloroform 
and then filtered to remove small quantities of mono- 
methylaminc hydrochloride present. The hydro- 
chloride salt crystallizes upon the addition of anhy- 
drous ether to the chloroform solution. The com- 
pound is stored as the acid salt because the free base 
decomposes upon standing. The following melting 
points were obtained for derivatives prepared from 
the synthetic compound : hydrochloride, m.p. 157- 
158°: reported m. p. 157-158° (3), and 161-162° 
(4); picrate, m. p. 139-141°; reported m. p. 141- 
142° (4), and 141° (5). 

The free base is formed by dissolving the acid salt 
in concentrated sodium hydroxide; the base forms 
an oily layer and is separated in a separatory funnel 
It is washed several times with distilled water, dried 
over anhydrous sodium sulfate, and distilled under 
reduced pressure. It boils at 107-108° at 31 mm 
pressure; reported b. p. 67.4° at 3.25 mm. (2) and 
112,5-115° at 36-40 mm. pressure (5). 

Standard Curve. — The free amine is used to estab- 
lish the standard curve The procedure for prepar- 
ing the 2,4-dinitrobenzene derivative is similar to the 
method described by Meintire, ct al (2). A scries 
of standards, ranging in amine content from 10 to 
100 y, are prepared by transferring with a pipet the 
appropriate amount of the alcoholic solution of the 
amine to a series of 25-ml. volumetric flasks, each 
containing 0.10 ml. of 1% alcoholic FDNB (East- 
man), 0.2 ml. of 0 2 NaHCOs, 0.2 ml, absolute 
alcohol, and sufficient water to make a total volume 
of 1.5 ml. The flask is heated in a 60° water bath for 
twenty minutes. The excess reagent is then hy- 
drolyzed by adding 0.5 ml. of 0.2 N NaOH and in- 
cubating an additional sixty minutes in the water 
bath. The contents of the flask are diluted to 
volume and extracted with 10 ml of cyclohexane in 
a separatory funnel. The absorbance of the cyclo- 
hexane phase is read on a Beckman DU spectropho- 
tometer at 350 mil, using a blank to adjust the in- 
strument to zero absorbance. The blank, alcohol 
without amine, was developed in the same manner 
as the alcoholic amine standards. Figure 1 repre- 
sents a typical standard curve. The relationship 
between the absorbance of the 2,4-dinitrobenzene 
derivative and the quantity of the amine used in the 
reaction is linear when the quantitj' of amine does 
. not exceed 120 y. However, the relationship be- 
comes curvilinear when the quantity of amine used 
in the reaction is greater than 120 y, not showi on 
curve. 

Assay of Plant Material.— The air dried leaves 
from the acacia plant are ground in a Wiley mill to 
pass a 20-mesh screen. Five grams of the sample 
are extracted rvith 250 ml of 1% HCl for approxi- 
mately two hours in a 1-L. wide-mouth polyethylene 
bottle (3'/; X 6 Vs inches) on a magnetic stirrer. 
The bottle and contents arc centrifuged, and the 



N METHYL BETA-PHENYLETHYLAMINE, 
GAMMA 

Fig. 1. — ^Relationship of absorbance of 2,4- 
dinitrobenzene derivative and quantity of amine used 
in reaction. 


clear, supernatant liquid is decanted into a 500-ml. 
volumetric flask. It is re-extracted twice with 100 
ml. of 1% HCl for one hour, centrifuged, and diluted 
to volume. A 100-ml aliquot is adjusted to pH 10 
with sodium hydroxide and extracted three times 
each with 100 ml of chloroform. The combined 
chloroform extracts arc made acid with 0 5 ml. of 
alcoholic HCl (alcohol saturated with hydrogen 
chloride gas) and reduced to dryness by vacuum dis- 
tillation. The residue is dissolved in absolute al- 
cohol and transferred quantitatively' to a 25-ml 
volumetric flask. It is neutralized with sodium 
hydro.xide, and diluted to volume A 0 2-ral aliquot 
sample is used in the reaction with FDNB The 
quantity of the amine in the aliquot sample is found 
by reading graphically from the standard curve the 
amount of amine equivalent to the absorbance of the 
FDNB derivative. 

RESULTS 

Table I gives the per cent recovery’ when knoyvn 
quantities of the pure amine compound were carried 
through the chloroform extraction procedure and 
the converted to the 2.4-dinitrobenzcne derivative. 


Table I. — Per Cent Recovery of Amine 

CO.MPOUND 


Sample 

Theory, 

gamma/ 

0 5 ml. 

Found, « 
gamma/ 

0 5 ml 

Theory, 

% 

1 

25 

27 00 

108 0 

2 

25 

27.25 

110.0 

3 

50 

51.50 

103.0 

4 

50 

53.00 

106.0 


a Average of duplicate samples. 
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Table II presents the results of a recovery study 
uhen known quantities of the amine were added to 
plant extracts An aliquot part of the sample was 
used which would fall within the 100 y range 
Within this range, the average per cent recovers ex 
ceeds 95% and demonstrates the reliabilitj of tins 
method as a ouantitative procedure for the amine 
content of this plant 


Table II — Recovery or Amine Added to Plant 
Extract 


Sample 

Found 

plant 

gamma/ 

0 4 ml 

Added 

gamma/ 

0 4 ml 

Total 

Found 

gamma 

Re 

co\ ered 
% 

1 

26 5 

25 7 

58 0" 

in 0 

2 

26 5 

41 5 

65 0 

95 6 

3 

26 5 

51 9 

74 5 

95 2 

4 

26 5 

62 3 

83 0 

93 4 


o Axerage of duplicate samples 


To further test the rehabihtj of this method, the 
month of Julj sample was repeatedl} assajcd, and 
the following values were obtained 0 38, 0 44, 0 40, 
0 40, 0 46, 0 42. 0 43, 0 46, 0 43, and 0 44% 

Leaf samples from the acacia plant w ere collected 
during the 1958 growing season to ascertain if anj 
change occurred in the amine content of the plant 
during this period Table III presents the results 
obtained from an analysis of leaf samples during 
1958 A slight fluctuation occurs w ithin the growing 
season, and samples are being collected for the 1959 
growing season to determine if this fluctuation is 
correlated with environmental factors 


This method is currently being used in the author s 
laboratory to studj the utilization of N mcthil 
beta phen 3 ’letlij lamine by microorganisms 

Table III — Amine Content of Leaf Samples 
prom Acacia berlandten 


Sample 

Arame % 

May 

0 66 

June 

0 46 

Jul> 

0 42 

August 

0 46 

September 

0 28 

October 

0 46 


a Per cent based on weight of air dried sample 


SUMMARY 


1 A method is described for a large scale 
synthesis of N methyl beta phenylethylamine 

2 An analytical procedure is described for 
assa 3 'ing the sympathomimetic amine content 
of Acacia berlandten 

3 Data are given showing the amine content 
of leaf samples during the 1958 growing season 
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A Simplified Colorimetric Method for Determination 
of Mercury in Biologic Materials* 

By DONALD L. SORBY and ELMER M. PLEIN 


A simplified colorimetric method for de- 
termination of mercury by the dichizone 
method has been developed The procedure 
IS suitable for analyzing biological and cer- 
tain mineral samples for their mercury con- 
tent Amounts of mercury between 10 and 
100 meg. have been analyzed with a maxi- 
mum deviation of ±5 per cent The proce- 
dure has been simplified wherever possible to 
do so without sacrificing accuracy 

F or an investigation of the penetration of 
amraoniated mercur> through the skin of 
laboratorj animals, a simple and rapid procedure 
for determining mercui^ in biologic material 
was desired Vanous procedures were inxesti 
gated (1-6) and were found to be rather time 

August 17 1959 from the Un.vers.ly of Wash 
ington, College of Pharmaci , Seattle 


consuming or not of the desired selectivity 
The method presented here combines the most 
desirable features of two of these methods (3, 
4) 

The digestion piocedure of Policy and Miller 
(4) was chosen because of its simplicity and 
relatively mild conditions For determination 
of mercury in the digest solutions the procedure 
of Plein and Plein (3) was utilized because tins 
method is quite simple and requires compara 
lively little time to carry out 

EXPERIMENTAL 

Reagents — Chloroform is distilled in glass ap 
paratus and 0 7b% ethanol is added as a preserva 
tive, sulfuric acid, concentrated and 0 5 A', lijdro 
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gen peroxide, 90%, solutions of approximately 50% 
strength arc freshly prepared by dilution with dis- 
tilled water; dithizonc solution, dipheuylthiocar- 
bazone (Eastman white label), is dissolved (1 mg, per 
ml.) in chloroform and refrigerated, fresh dilutions 
of this solution containing 4 mg. per liter are 
•prepared for each assay; hydrochloric acid, 0 25 
N; hydroxylaminc hydrochloride solution, 20%, 
purified by shaking with several portions of a 
chloroform solution of dithizone (10 mg. per ml.) 
and washing with chloroform until the green color 
is removed; pota.ssium permanganate, 6%; stand- 
ard mercuric chloride solution, 1,000 meg, mercury 
per ml. mercuric chloride (0 1354 Gm ) is dissolved 
in 100 ml of 0 5 N sulfuric acid, and this solution 
is diluted 1 : 100 for use in preparing a standard 
curve for each determination 

Laug, cl ttl. (1), recommended the use of glass 
distilled water in order to avoid interference of 
copper in the assay. Water for this experiment was 
obtained from a Barnstead type “Q” still Water 
from this source was found to be satisfactory for 
use in the dithizone procedure. 

Digestion of the Sample. — The digestion proce- 
dure differs somewhat for each type of sample. Such 
factors as moisture content, .amount ot organic mat- 
ter present, physical form of the sample, and pres- 
ence of undigestible material require slight modifica- 
tions of the following procedure to fit the particular 
sample, 

A one-gram sample is placed in a 250-ml. flat- 
bottomed standard -taper flask and an Ahllin 
r-condenser is fitted to the flask. Five milliliters 
concentrated sulfuric acid is added through the 
condenser. The apparatus is heated on a steam 
bath and 50% hydrogen peroxide is added, drop- 
wise, through the condenser with swirling of the 
sample. The dropwise addition of the hydrogen 
peroxide is continued until the solution becomes 
clear and nearly colorless. The steam bath is 
then removed and the flask is heated on an asbestos 
pad over a low flame. Drops of 50% hydrogen 
peroxide are added and heating is continued as the 
solution darkens. Heating is discontinued when 
the samples remain clear and colorless for tw’o to 
three minutes after the last addition of hydrogen 
peroxide. Ten milliliters of water is added through 
the condenser after the solution has cooled. The 
flask is removed from the condenser and 5% potas- 
sium permanganate is added, dropwise, with 
swirling until a pink color persists. Ten millilters 
of 20% hydroxylamine hydrochloride solution is 
then added to the flask. The sample is filtered 
into a 50-ml. volumetric flask and the digestion 
flask is rinsed with several portions of water. The 
rinsings are added to the solution in the volumetric 
flask and the samples are made to volume with 
distilled water. 

Determination. — ^Fifty milliliters of 0.25 N hydro- 
chloric acid is placed in a 2S0-ml. separatory funnel. 
The proper aliquot of the digested solution is added 
and the contents of the funnel are mixed well. 
Twenty-five milliliters of dithizone solution (4 mg. 
per liter) is added and the contents of the funnel are 
shaken 60 times. A pledget of absorbent cotton is 
mserted into the outlet of the separatory funnel. 

he colored chloroform layer is then strained 

hrough the cotton into a sample cuvet and the 


absorbance of the solution is determined at 490 
mp with the Beckman DU spectrophotometer. 

Aliquots are usually chosen so that the sample 
for determination will contain 10 to 25 meg. mer- 
cury. 

The amount of mercury in the digested solution 
is determined by comparison with a standard curve 
prepared according to the following procedure. 
Fifty milliliters of 0.25 N hydrochloric acid is placed 
in a 250-ml. separatory funnel and concentrated 
sulfuric acid equivalent to the amount of acid 
theoretically present in the aliquot taken is added. 
One milliliter of 20% hydroxylamine hydrochloride 
is added for each ten ml. of aliquot used. Finally, 
the proper amount of standard mercury solution 
is added and the solutions are mixed well. Twenty- 
five milliliters of dithizone solution is added and the 
absorbance is determined as described above. 
The standard curve follows Beer’s law up to a 
concentration of 30 meg. in the aliquot. For larger 
mercury concentrations a smaller aliquot must be 
chosen. If a large aliquot is used, enough water 
should be added to the standard preparations so 
that their volume will be approximately equal to 
the digest samples. 

DISCUSSION 

When samples are low in moisture content and 
high in organic matter a 10-mI. quantity of con- 
centrated sulfuric acid is usually necessary. If the 
samples are observed to be digesting slowly the 
second 5-ml. portion of acid is added through the 
condenser. Polley and Miller (4) list a number of 
different types of material and the variations in 
conditions of the digestion procedure necessary for 
each. 

The size of the sample chosen may be varied 
according to mercury content. If larger samples 
are used the amount of acid must be increased. 

Additions of hydrogen peroxide must be made 
very carefully to prevent a vigorous reaction. 
Expulsion of gas from the condenser is to be 
avoided Great care is also necessary when heating 
the samples over the open flame, and should be 
only vigorous enough to cause the reaction to 
proceed. Excessively high and prolonged heating 
was found to reduce greatly the amount of mercury 
recovered from the samples. 

The nature of the samples determines the filtra- 
tion treatment necessary for the digests. Samples 
which are high in fat content may be chilled prior to 
filtration to solidify the fats. Samples with no 
insoluble residue need not be filtered. Filtrations 
are best accomplished through a fine-grade sintered- 
glass filter utilizing reduced pressure. 

Polley and Miller recommended addition of 
sodium chloride to the samples after digestion and 
during the determination procedure to prevent 
adsorption of mercury onto the glass walls of 
containers and onto silica of soil samples. Under 
conditions of this experiment no adsorption of 
mercury could be detected, even though the samples 
were allowed to remain in the separatory funnels 
for periods up to thirty-six hours. Thus, further 
addition of chloride ion to the samples was un- 
necessary. 

The color of the mercury-dithizone complex'” 
was stable up to one and one-half hours wh 
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Table I. — Recovery of Known Amounts of Mercury from Samples (Mercury Added as Mercuric 

Chloride) 


Material 

No. of 
Samples 

Mercury 

Added, meg. 

Mercury Found, 
meg. (Mean) 

Max. 

Deviation, 

meg. 

Beef muscle 

7“ 

100 

98.7 ± 2.0'' 

-5.0 

Beef muscle 

7 

10' 

9.7 ± 0.2 

-0.5 

Rhubarb root 

7 

100 

9.7 ± 0.1 

101.4 ± 0.9 

-0.4 

-1-3.0 

Soil 

7 '‘ 

100 

99.9 ± 0.8 

-fl.O 


o For each material, an eighth sample containing no added mercury was carried through the procedure. Only in the case 
of the one-fifth aliquot of the 10 meg beef muscle sample was mercury (1.0 meg.) found in these samples. 


The standard deviation of the mean was calculated by the formula a = \/_L_ 

\n - 1 

® The first value was obtained using a one-fifth aliquot of the sample digest. The second value was obtained usiog a 
one-half aliquot. 

The samples were prepared \%ith soil collected in one area. 


Table II, — Recovery of Known Amounts of Organic Mercurial 


Mercurial 

No of 

Mercury 

Added, 

Mercury Found, 

Max. 

Deviation, 

Samples 

meg. 

meg. (Mean) 

meg. 

Di-^-toljdmercury 

4 

100 

100.8 ± 0.8 

-t-1.5 

Sodium etiijdraercurithiosalicjdate 

4 

100 

100.6 ± 1.3 

+ 2.5 


stored in normal lighting conditions of the labora- 
tor}L No study was made on the effect of strong 
sunlight or artificial light. Strong light is probablj' 
best avoided however. 

The effect of various metals which raigiit possibly 
interfere in the determination of mercury was 
Investigated. One milligram quantities of iron, 
nickel, lead, copper, zinc, cadmium, manganese, 
and bismuth were found to have no effect on the 
assay. 

Although the procedure was developed primarily 
for use with animal tissue, the applicability of the 
method to certain mineral and vegetable materials 
was also tested. The results are summarized in 
Table I. 

The procedure was tested to determine if it 
would be sensitive to organic mercurials as well as 
inorganic mercurjL The results are summarized 
in Table II. 

The accuracy of the e.\periment using the Beck- 
man DU spectrophotometer seems to be compa- 


rable to that reported by Polley and Miller (4) 
i. e., 1 meg. or 5%, whichever is greater. The over- 
all time required for the whole procedure is approx- 
imately five hours depending upon the type of 
sample, the number of samples, and the experience 
of the operator. Since the procedure is less compli- 
cated and requires less manipulation of the samples 
than man 3 ' other methods, there is less chance for 
loss of small amounts of sample and the consequent 
errors involved. 
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Color Stability of Tablet Formulations I* 

Measurement of Changes in Individual Tablet Reflectance 

By TIBOR URBANYI, CHARLES J. SWARTZ, and LEON LACHMAN 


A holder which permits the centering and leveling of individual tablets in the re- 
flectance attachment of the Beckman mode! DU spectrophotometer is described. 
By this adaptation, it is possible to measure the reflected light from the upper or 
lower surface of a tablet with a precision of two per cent. This method of measure- 
ment has proved useful in assigning reproducible numerical values for the light re- 
flected from tablets. 


A PROJiiNENT C0NSIDE1C(VTI0N in the Stability 

^ evaluation of compressed tablets is the 
establishment of a tablet formulation which 
exhibits minimum alterations in color with 
storage. Although this may be desirable, it is 
a recognized fact that many tablet dosage 
forms showed change in color with time. Despite 
this, there are apparently no reports in the 
literature concerning the measurement of changes 
in appearance of tablets. An important reason 
for this situation may be the unavailability of 
suitable analytical techniques for measurement 
of color changes in individual tablets. It was, 
therefore, the purpose of this investigation to 
develop an analytical technique to accomplish 
the measurement of the aforementioned property. 

Methods available for the standardization 
and evaluation of the appearance of tablets can 
be elassified into two catagories, visual and 
instrumental. Visual estimation of tablet color 
is accomplished by comparison with standard 
tablets of the desired color or comparison with 
artificial standards such as color chips or charts 
Comparison with standard tablets is unsatis- 
factory due to the possibility of subtle changes in 
the standard with time, while with color chips or 
standard reference charts of color, it is almost 
impossible to obtain these items to match the 
tablets under study. 

Although the human eye is superior to instru- 
ments in measuring small hue and chroma dif- 
ferences, spectrophotometers are capable of 
more precise deteetion of small value differences 
(1). In order to study and predict shelf life of 
tablets from an appearance standpoint, an instru- 
mental method capable of defining color intensity 
m reliable, reproducible values was indicated. 
The presently used instruments such as the 
"Color Eye” require relatively large samples 
which may be advantageous for batch control. 
However, because of the variations that may 
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exist in color intensity between faces of single 
tablets and the resulting void spaces that form 
when several tablets are placed in the holder at 
one time, a method for individual tablets was 
desired. The method should define the ap- 
pearance of the tablet in precise reproducible 
terms and be applicable to either the upper or 
lower face of the tablet. For this purpose a 
procedure was developed and a description, as 
well as representative data, obtained through the 
use of this method are presented. 

EXPERIMENTAL 

Description of Tablet Holder. — Since practically 
all analytical laboratories are equipped with highly 
accurate and precise spectrophotometers which can 
be Used for the determinations of the reflectance of 
powders, it was decided to utilize the Beckman model 
DU spectrophotometer and its reflectance attach- 
ment for the measurement of the reflectance of 
individual tablets. In order to accomplish this, a 
tablet holder was designed to permit accurate, repro- 
ducible centering and leveling of the individual tablet 
in the reflectance attachment. Such a holder is 
shovvn in Fig 1. The holder is made of oxidized steel 
with dimension A being the diameter of the tablet. 



1. — Tablet holder for reflectance attachment. 
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With minor modifications the holder can be adapted 
to other spectrophotometers 

Procedure for Measurement. — The tablet to be 
measured is placed in the tablet holder and the 
leveling screw of the holder is adjusted so that the 
top edge of the tablet is made level with the holder 
The holder is mounted in the front compartment of 
the reflectance attachment, and a National Bureau 
of Standards Vitrolite plate of known reflectance is 
placed in the back compartment The diffuse re- 
flectance is measured in accordance with standard 
techniques. The reflectance can be measured in 
absorbance or per cent transmission at the desired 
wavelength. 

RESULTS AND DISCUSSION 

A single tablet colored with FD&C Blue No 1 was 
measured at its absorption maximum, 640 m/j, for a 
total of ten times, repositioning the tablet for each 
measurement of the upper and lower surface The 
mean absorbance of the upper surface was 0 428 and 
the average deviation ±0 001, while the value for 
the lower face was 0 438 and the average deviation 
d=0.001 as represented in Table I In a subsequent 
experiment ten different tablets from a single batch 
colored with FD&C Violet No 1 were measured at 
their absorption maximum of 590 mu The mean 
absorbance at the upper face was 0 410 and the 
average deviation ±0 002, whereas the value for the 
lower face was 0 420 and the average deviation 
±0 002 as shown in Table II It is evident from the 
results presented in Tables I and II that excellent 
precision is obtained in the utilization of this tech- 
nique for individual tablet measurement 

The diffuse reflectance can be measured at any 


Table I — Absorbance at 640 m/i of Single 
Tablet Colored With FD&C Blue No 1 


Absorbance 

Absorbance 

Upper Face 

Lower Face 

0 427 

0 437 

0.427 

0 437 

0 428 

0 438 

0 428 

0 438 

0 428 

0 438 

0 428 

0 438 

0 428 

0 438 

0 428 

0 439 

0 429 

0 439 

0 430 

0 439 


Table 11 - 
Tablets 

—Absorbance at 590 m/i of Ten 
Colored With FD&C Violet No 1 

Tablet 

Absorbance 

Upper Face 

Absorbance 
Lower Face 

1 

0 408 

0 417 

2 

0 408 

0 418 

3 

0 409 

0 419 

4 

0 409 

0 420 

5 

0 410 

0 420 

Q 

0 410 

0 420 


0 411 

0 421 

8 

9 

10 

0 411 

0 411 

0 412 

0 421 

0 421 

0 422 


suitable wavelength. In the case of tablets colored 
with a single dye, measurement at the absorption 
maximum of the dye is usually satisfactory The 
variation of the reflectance of FD&C ITolet No 1 
with wavelength is illustrated in Fig. 2 



WAVE LENGTH (m/J) 

Fig 2 — A plot showing the variation of absorb- 
ance with wavelength for tablets colored with FD&C 
Violet No 1 


Table III — Tristimulus Points on Five Colored 
Tablets 


Wave 

FD&C 

FD&C 

FD&C 

FD&C 

DS.C 

length, 

Violet 

Green 

Blue 

Red 

Yellow 

mfi 

No 1 

No 3 

No 1 

No 1 

No 10 

640 

0 226 

0 436 

0 432 

0 036 

0 0-16 

546 

0 367 

0 200 

0 166 

0 230 

0 0S5 

436 

0 091 

0 196 

0 100 

0 161 

0 2C0 


For tablets containing more than one dye or an ex- 
cipient which may fade or darken, it may be prefer- 
able to measure at the tristiraulus points (normally 
436, 546, and 640 mp) or in the yellow, blue, and red 
regions 

Table HI lists the absorbances obtained at the 
tristimulus points for five different colored tablets 
When utilizing the tristimulus technique, it is de- 
sirable to plot the data on triangular graph paper in 
order to obtain a better visualization of the changes 
in hue that result 

This procedure has been found useful in the deter- 
mination of the color stability of tablets containing 
several different certified dyes and is reported in a 
subsequent paper of this series (2). 
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Color Stability of Tablet Formulations II* 


Influence of Light Intensity on the Fading of Several Water-Soluble 

Dyes 

By LEON LACHMAN, CHARLES J. SWARTZ, TIBOR URBANYI, and JACK COOPER 


The photosensitivity of a number of commonly used, certified water-soluble dyes 
employed in tablets has been investigated. Exposures were made under both normal 
and exaggerated light intensities. In both cases the spectral character of the radia- 
tion was similar. The dyes evaluated included FD&C Red No. 1, FD&C Red No. 3, 
D&C Green No. 5, FD&C Green No. 3, FD&C Blue No. 2, FD&C Blue No. 1, FD&C 
Yellow No. 5, D&C Yellow No. 10, D&C Orange No. 3, and FD&C Violet No. 1. 
Apparent rates of fading for the several dyes were determined. _ The relationship be- 
tween fading and dye structure as well as fading and light intensity is discussed. The 
extent of dye fading beneath the surface of the tablet was also measured. 


npHE USE OF certified water-soluble d3'cs for 

imparting color to tablets is widespread in 
the pharmaceutical industry. The photosensi- 
tivity of these dyes, when incorporated into 
tablet formulations, represents a formidable 
problem. Although this is a generally recognized 
difficulty, there exists a conspicuous lack of 
information in the pharmaceutical literature 
concerning the influence of light on color fast- 
ness. This lack of data can be ascribed to several 
factors among which are (a) the unavailability 
of a suitable exaggerated-light stability cabinet, 
(6) the unavailability of appropriate analytical 
techniques for measurement of color changes at 
the surface of tablets, (c) the common practice of 
discontinuing the use of a specific color when 
found unsuitable in a given formulation without 
determining the nature of the objectionable 
characteristic, and (d) the treatment of such 
data as confidential within the particular com- 
pany. 

Because of the practical significance of this 
problem, a vast store of empirical knowledge on 
the subject has been accumulated in the pharma- 
ceutical as well as other industries. Although 
pharmaceutical references are sparse, numerous 
reports exist on the nature of fading reactions 
in the textile, dye, and plastic industries. In 
summarizing this information certain aspects 
predominate. Depending upon their chemical 
^constitution, dyes behave in many different 
ways under the influence of light. They may 
fluoresce (1), be oxidized or reduced, either 
reversibly or irreversibly (2, 3), or may sensitize 
the reaction of other components of the irradiated 
system (4, 5 ), Furthermore, the quality and 
mtensity of light as well as the continuous or 
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intermittent nature of exposure strongly affect 
the fading reaction (6). 

In light of recent Food and Drug Administra- 
tion rulings regarding the decertification of many 
commonly used colorants, maximum utiliza- 
tion of all approved dyes now seems imperative. 
In order to accomplish this it is essential to 
ascertain the stability characteristics of the 
remaining certified dyes. 

A study was therefore initiated to determine 
the light stability of ten certified water-soluble 
colors when used in tablet dosage forms. The 
purpose of this study was not the elucidation of 
specific fading mechanisms of the several colors 
but instead the determination of the relative 
stability of the colors under normal and exag- 
gerated illumination. The basic tablet formula- 
tion used for this investigation was composed of 
relatively inert materials. The fading at the 
surface of the tablet was determined following 
exposure to so-called "normal” and “exag- 
gerated” light intensities. Apparent rates of 
fading for the several colored tablets following 
exposure were calculated. The relationship of 
degree of fading at various depths from the tablet 
surface was measured for representative tablets. 
Tlie possibility of the existence of a general 
relationship between the extent of fading under 
ordinary and accelerated illumination is 
discussed. 

EXPERIMENTAL 

Materials Used. — FD&C Red No. 1, FD&C Red 
No. 3, D&C Green No. 6, FD&C Green No. 3, 
FD&C Blue No. 2, FD&C Blue No. I, FD&C Yel- 
low No. 5, D&C Yellow No. 10, D&C Orange No. 3, 
and FD&C Violet No. 1. 

Equipment. — ^Light stability cabinets exhibiting 
intensified and normal room illumination as de- 
scribed in a previous publication (7), Gossen Tri 
Lux foot candle light meter, Stokes model F tablet 
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With minor modifications the holder can be adapted 
to other spectrophotometers 

Procedure for Measurement. — The tablet to be 
measured is placed in the tablet holder and the 
leveling screw of the holder is adjusted so that the 
top edge of the tablet is made level with the holder 
The holder is mounted in the front compartment of 
the reflectance attachment, and a National Bureau 
of Standards Vitrolite plate of known reflectance is 
placed in the back compartment The diffuse re- 
flectance is measured in accordance with standard 
techniques. The reflectance can be measured in 
absorbance or per cent transmission at the desired 
wavelength. 

RESULTS AND DISCUSSION 

A single tablet colored with FD&C Blue No 1 was 
measured at its absorption maximum, 640 m/n, for a 
total of ten times, repositioning the tablet for each 
measurement of the upper and lower surface The 
mean absorbance of the upper surface was 0 428 and 
the average deviation ±0 001, while the value for 
the lower face was 0 438 and the average deviation 
±0.001 as represented in Table I. In a subsequent 
experiment ten different tablets from a single batch 
colored with FD&C Violet No 1 were measured at 
their absorption maximum of 590 m^ The mean 
absorbance at the upper face was 0 410 and the 
average deviation ±0 002, whereas the value for the 
lower face was 0 420 and the average deviation 
±0.002 as shown in Table II It is evident from the 
results presented in Tables I and II that excellent 
precision is obtained in the utilization of this tech- 
nique for individual tablet measurement 

The diffuse reflectance can be measured at any 


Table I. — Absorbance at 640 m/u of Single 
Tablet Colored With FD&C Blue No 1 


Absorbance 

Absorbance 

Upper Face 

Lower Face 

0 427 

0 437 

0 427 

0 437 

0 428 

0 438 

0 428 

0 438 

0 428 

0 438 

0 428 

0 438 

0 428 

0 438 

0 428 

0 439 

0 429 

0 439 

0 430 

0 439 


Table II — ^Absorbance at 590 m/r of Ten 
Tablets Colored With FD&C Violet No 1 


Absorbance 

Absorbance 

Tablet 

Upper Face 

Lower Face 

1 

0 408 

0 417 

2 

0 408 

0 418 

3 

0 409 

0 419 

4 

0 409 

0 420 

5 

0 410 

0 420 

6 

0 410 

0 420 


0 411 

0 421 

8 

0 411 

0.421 

9 

0 411 

0 421 

10 

0 412 

0 422 


suitable wavelength In the case of tablets colored 
with a single dye, measurement at the absorption 
maximum of the dye is usually satisfactory. The 
variation of the reflectance of FD&C Ifiolet No 1 
with wavelength is illustrated in Fig. 2 



WAVE LENGTH (m/j) 

Fig 2 — A plot showing the variation of absorb- 
ance with wavelength for tablets colored with FD&C 
Violet No 1 


Table III — Tristimulus Points on Five Colored 
Tablets 


Wave 

FD&C 

FD&C 

FD&C 

FD&C 

D&C 

length, 

Violet 

Green 

Blue 

Red 

Yellow 

van 

No 1 

No 3 

No 1 

No 1 

No ro 

640 

0 226 

0 436 

0 432 

0 036 

0 046 

546 

0 367 

0 200 

0 166 

0 230 

0 055 

436 

0 091 

0 196 

0 100 

0 161 

0 260 


For tablets containing more than one dye or an ex- 
cipient which may fade or darken, it may be prefer- 
able to measure .at the tristimulus points (normally 
436, 546, and 640 m/^) or in the yellow, blue, and red 
regions 

Table III lists the absorbances obtained at the 
tristimulus points for five different colored tablets 
When utilizing the tristimulus technique, it is de- 
sirable to plot the data on triangular graph paper in 
order to obtain a better visualization of the changes 
in hue that result. 

This procedure has been found useful in the deter- 
mination of the color stability of tablets containing 
several different certified dyes and is reported in a 
subsequent paper of this series (2). 
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Color Stability of Tablet Formulations IT 


Influence of Light Intensity on the Fading of Several Water-Soluble 

Dyes 

~ r LEON LACHMAN, CHARLES J. SWARTZ, TIBOR URBANYI, and JACK COOPER 

The photosensitivity of a number of commonly used, certified water-soluble dyes 
employed in tablets has_ been investigated. Exposures were made under both normal 
and exaggerated light intensities. In both cases the spectral character of the radia- 
tion was similar. The dyes evaluated included FD&C Red No, 1, FD&C Red No. 3, 

D&C Green No. 5, FD&C Green No. 3, FD&C Blue No. 2, FD&C Blue No. 1, FD&C 
Yellow No. 5, D&C Yellow No. 10, D&C Orange No. 3, and FD&C Violet No. 1. 

Apparent rates of fading for the several dyes were determined. _ The relationship be- 
tween fading and dye structure as well as fading and light intensity is discussed. The 
extent of dye fading beneath the surface of the tablet was also measured. 


~*HE USE OF certified water-soluble dyes for 
• imparting color to tablets is widespread in 
e pharmaceutical industry. The photosensi- 
'ity of these dyes, when incorporated into 
blet formulations, represents a formidable 
oblem. Although this is a generally recognized 
[ficulty, there exists a conspicuous lack of 
formation in the pharmaceutical literature 
ncerning the influence of light on color fast- 
ss. This lack of data can be ascribed to several 
ctors among which are (a) the unavailability 
a suitable exaggerated-light stability cabinet, 
) the unavailability of appropriate analytical 
chniques for measurement of color changes at 
e surface of tablets, (c) the common practice of 
scontinuing the use of a specific color when 
und unsuitable in a given formulation without 
termining tlie nature of the objectionable 
aracteristic, and (d) the treatment of such 
ita as confidential within the particular com- 
iny. 

Because of the practical significance of this 
oblem, a vast store of empirical knowledge on 
e subject has been accumulated in the pharma- 
utical as well as other industries. Although 
rarmaceutical references are sparse, numerous 
ports exist on the nature of fading reactions 
the textile, dye, and plastic industries. In 
immarizing this information certain aspects 
■edominate. Depending upon their chemical 
mstitution, dyes behave in many different 
ays under the influence of light. They may 
aoresce (1), be oxidized or reduced, either 
wersibly or irreversibly (2, 3), or may sensitize 
le reaction of other components of the irradiated 
r’stem (4, 5 ). Furthermore, the quality and 
density of light as well as the continuous or 
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intermittent nature of exposure strongly affect 
the fading reaction (6). 

In light of recent Food and Drug Administra- 
tion rulings regarding the decertification of many 
commonly used colorants, maximum utiliza- 
tion of all approved dyes now seems imperative. 
In order to accomplish this it is essential to 
ascertain the stability characteristics of the 
remaining certified dyes. 

A study was therefore initiated to determine 
the light stability of ten certified water-soluble 
colors when used in tablet dosage forms. The 
purpose of this study was not the elucidation of 
specific fading mechanisms of the several colors 
but instead the determination of the relative 
stability of the colors under normal and exag- 
gerated illumination. The basic tablet formula- 
tion used for this investigation was composed of 
relatively inert materials. The fading at the 
surface of the tablet was determined following 
exposure to so-called "normal” and “exag- 
gerated” light intensities. Apparent rates of 
fading for the several colored tablets following 
exposure were calculated. The relationship of 
degree of fading at various depths from the tablet 
surface was measured for representative tablets. 
The possibility of the existence of a general 
relationship between the extent of fading under 
ordinary and accelerated illumination is 
discussed. 


EXPERIMENTAL 


Materials Used.— FD&C Red No. 1, FD&C Red 
No. 3. D&C Green No. 5, FD&C Green No. 3, 
FD&C Blue No. 2, FD&C Blue No. 1, FD&C Yel- 
low No. 5, D&C Yellow No. 10, D&C Orange No. 3 
and FD&C Violet No. 1. * 


^ Equipment. ^Light stability cabinets e.vhibiting 
intensified and normal room illumination as de- 
scnbed in a previous publication (7), Gossen Tri 
Lux foot candle light meter. Stokes model F tablet 
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press, Beckman spectrophotometer model DU with 
reflectance attachment, die attachment for centering 
and leveling tablets in reflectance units as described 
in previous paper of this series (8), precision rotary 
microtome, and Beckman aquameter. 

Preparation of Tablets. — Tablets containing the 
various water-soluble certified d 3 'es were prepared 
according to the following formula : 


Calcium sulfate, dihj-drate . . 96 99% 

Tragacanth U. S. P 2.00% 

Magnesium stearate, U. S. P 1 00% 

Dye 0 01% 

Ethj'l alcohol 50% q. s. 


A granulation of the above formula was prepared 
in accordance with commonb'-employed tableting 
procedures. The dye was dispersed by dissolving it 
in the 50% alcohol which was used as a granulating 
agent. Tablets weighing 700 mg. were compressed 
using ’V 32 inch flat punches, uppers bisected. The 
tablets were all compressed to a hardness of approx- 
imately 7 Kg/in.* and a thickness of 3 mm. on a 
Stokes model F tablet press. The moisture content 
of the dried granulations was kept consistently below 
0.5%. 

Storage of Samples in the Light Stability Cab- 
inets. — Adequate samples of the several differently 
colored tablets were put into three-inch uncovered 
clear-glass Petri dishes which were then placed into 
the normal and intensified light cabinets. The in- 
tensity of the light incident on the tablets in the 
respective cabinets was kept at a constant level 
through measurement of the light intensity with a 
Gossen Tri Lux meter at regular time intervals. The 
light intensities falling on the tablets in the normal 
and exaggerated illumination cabinets were 45 and 
550 foot candles, respectively. Tablet samples were 
withdrawn from the cabinets at designated time in- 
tervals for reflectance measurements. 

Measurement of Tablet Reflectance. — The tab- 
lets removed from the light stability cabinets were 
measured for fading of the color at the tablet surface 
by the use of a Beckman model DU spectrophoto- 
meter with a modified Beckman reflectance unit 
attachment to permit its use for single tablets. The 
equipment modifications and method of measure- 
ment are described in detail in a previous publica- 
tion (8). Reflectance measurements were made at 
640 ma for FD&C Blue No. 1, at 500 ma for FD&C 
Red No. 1, at 540 ma for FD&C Red No. 3, at 620 
ma for FD&C Green No. 3, at 630 ma for D&C Green 
No. 5, at 420 ma for D&C Yellow No. 1, at 430 ma 
for FD&C Yellow No. 5, at 610 ma for FD&C Blue 
No. 2, at 590 ma for FD&C Violet No. 1, and at 500 
ma for D&C Orange No. 3. 

Extent of Fading Beneath Surface of Tablet. — 
In order to determine the degree of fading at various 
distances from the surface of the tablet individual 
tablets were sliced to definite thicknesses with a 
microtome. Each tablet was placed in a die which 
was subsequently leveled in the microtome to per- 
mit uniform vertical cuts of the flat surface of tlie 
tablet. Reflectance measurements were performed 
for the several colored tablets at distances up to 300 
11 from the surface. 

Determination of Moisture Content of Tablets. — 
lYater contained in the tablets was measured by Karl 
Fischer titration, the end point being determined 


electrometrically utilizing the Beckman aquameter 
Sample tablets were crushed in a mortar anc 
weiglied aliquots removed for dispersion in meth 
anol. This dispersion, under constant stirring, rra 
then titrated with Karl Fischer reagent. 

RESULTS AND DISCUSSION 

The photosensitivity of the several dyes used ii 
the tablets studied was determined by e,\posure t( 
normal and intensified illumination. 

Representative plots showing a decrease in thr 
spectral absorbance of the siuface of the tablets col 
ored with FD&C Blue No. 1, FD&C Yellow No. 5 
and FD&C Blue No. 2 are presented in Figs. 1, 2 
and 3. It can be seen from these curves that a sub 
stantial variance in the degree of color fading e.\ists 
depending upon whether the tablets are exposed un 
der normal or exaggerated illumination. In addi 
tion, the rate of fading of the surface color of the tab 
lets is not the same for the several dyes studied, bul 
varies according to the individual color used. Ai 
interesting fact brought out by these curves is the 
change that results in the absorption maximum ai 
the fading progresses. A flattening as well as a hyp 
sochromic shift of the absorption maximum occurs 
The magnitude of this effect is greatest for FD&C 
Blue No. 1 and least for FD&C Blue No. 2, wit! 
FD&C Yellow No. 5 falling in between. 

Representative plots indicating the rate of fading 
of dye from the surface of the tablets are given in 
Figs. 4 and 5. It is readily evident from the linearity 
of the plots that the fading follows an apparent first' 
order reaction. These graphs further show the pres- 
ence of more than one slope for the plots of log ab 
sorbance vs. time for most of the samples studied. 
In all cases, the initial rate of fading was greater 
than that obtained from subsequent portions of the 
fading curve. Baxter, el al. (9), in their studies of 
the fastness of dj'es in textiles also found fading to 



under normal and exaggerated illumination. 
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press, Beckman spectrophotometer model DU with 
-reflectance attachment, die attachment for centering 
and leveling tablets in reflectance units as described 
in previous paper of this series (8), precision rotary 
microtome, and Beckman aquameter. 

Preparation of Tablets. — Tablets containing the 
various water-soluble certified dyes were prepared 
according to the following formula; 


Calcium sulfate, dihydrate 96 99% 

Tragacanth U. k P 2.00% 

Magnesium stearate, U. S. P 1 00% 

Dye 0 01% 

Ethyl alcohol 50% q. s. 


A granulation of the above formula was prepared 
in accordance with commonly-employed tableting 
procedures. The dye was dispersed by dissolving it 
in the 50% alcohol which was used as a granulating 
agent. Tablets weighing 700 mg. were compressed 
using 'Vss inch flat punches, uppers bisected. The 
tablets ivere all compressed to a hardness of approx- 
imately 7 Kg/in.* and a thickness of 3 mm. on a 
Stokes model F tablet press. The moisture content 
of the dried granulations was kept consistently below 
0.5%. 

Storage of Samples in the Light Stability Cab- 
inets. — Adequate samples of the several differently 
colored tablets were put into three-inch uncovered 
clear-glass Petri dishes which were then placed into 
the normal and intensified light cabinets. The in- 
tensity of the light incident on the tablets in the 
respective cabinets was kept at a constant level 
through measurement of the light intensity with a 
Gossen Tri Lux meter at regular time intervals. The 
light intensities falling on the tablets in the normal 
and exaggerated illumination cabinets were 45 and 
550 foot candles, respectively. Tablet samples were 
withdrawn from the cabinets at designated time in- 
tervals for reflectance measurements. 

Measurement of Tablet Reflectance. — The tab- 
lets removed from the light stability cabinets were 
measured for fading of the color at the tablet surface 
by the use of a Beckman model DU spectrophoto- 
meter with a modified Beckman reflectance unit 
attachment to permit its use for single tablets. The 
equipment modifications and method of measure- 
ment are described in detail in a previous publica- 
tion (8). Reflectance measurements were made at 
640 mil for FD&C Blue No. 1, at 500 m;i for FD&C 
Red No. 1, at 540 mii for FD&C Red No. 3, at 620 
m/i for FD&C Green No. 3, at 630 my for D&C Green 
No. 5, at 420 my for D&C Yellow No. 1, at 430 my 
for FD&C Yellow No. 5, at 610 my for FD&C Blue 
No. 2, at 590 my for FD&C Violet No. 1, and at 500 
my for D&C Orange No. 3. 

Extent of Fading Beneath Surface of Tablet. — 
In order to determine the degree of fading at various 
distances from the surface of the tablet individual 
tablets were sliced to definite thicknesses with a 
microtome. Each tablet was placed in a die which 
was subsequently leveled in the microtome to per- 
mit uniform vertical cuts of the flat surface of the 
tablet. Reflectance measurements were performed 
for the several colored tablets at distances up to 300 
y from the surface. 

Determination of Mcistme Content of Tablets. — 
Water contained in tlie tablets was measured by Karl 
Fischer titration, the end point being determined 


electrometrically utilizing the Beckman aquamettr. 
Sample tablets were crashed in a mortar and 
weighed aliquots removed for dispersion in nielh- 
anol. This dispersion, under constant stirring, to 
then titrated with Karl Fischer reagent. 

RESULTS AND DISCUSSION 

The photosensitivity of the several dyes used in 
the tablets studied was determined b.v exposure to 
normal and intensified illumination. 

Representative plots showing a decrease in the 
spectral absorbance of the surface of the tablets col- 
ored with FD&C Blue No. 1, FD&C Yellow No. 5, 
and FD&C Blue No. 2 are presented in Figs. 1, 2, 
and 3. It can be seen from these curves that a sub- 
stantial variance in the degree of color fading e-^ists, 
depending upon whether the tablets are exposed un- 
der normal or exaggerated illumination. In addi- 
tion, the rate of fading of the surface color of the tab- 
lets is not the same for the several dyes studied, but 
varies according to the individual color used, .hi 
interesting fact brought out by these curves is the 
change that results in the absorption maximum as 
the fading progresses. A flattening as well as a hyp- 
sochromic shift of the absorption maximum occurs. 
The magnitude of this effect is greatest for FD&C 
Blue No. 1 and least for FD&C Blue No. 2, with 
FD&C Yellow No. 5 falling in between. 

Representative plots indicating the rate of fading 
of dye from the sirnface of the tablets are given in 
Figs. 4 and 5. It is readily evident from the linearit 
of the plots that the fading follows an apparent firs 
order reaction. These graphs further show the pre 
ence of more than one slope for the plots of log al 
sorbance vs. time for most of the samples studiec 
In all cases, the initial rate of fading was greatt 
than that obtained from subsequent portions of tb 
fading curve. Baxter, et al. (9), in their studies c 
the fastness of dyes in textiles also found fading t 
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Fig. 1. — Plots of the visible absorption spectra o\ 
FD&C Blue No. 1 after different intervals of storage 
under normal and e.\'aggeratcd illuininatiorJ. 
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Fig. 2 — Plots of the visible absorption spectra of 
FD&C Yellow No. 5 after different intervals of stor- 
age under normal and exaggerated illutnination 



„ F'g 3 — Plots of the visible absorption spectra of 
r U&C Blue No 2 after different intervals of storage 
under normal and exaggerated illumination. 


i>cinuch more rapid during the earlier stages of irra- 
diation 

The changes in reaction rates that are observed as 
die duration of irradiation is increased do not nec- 
essarily indicate that the fading mechanism consists 

a scries of consecutive reactions of different rates. 
Instead, they are most likely due to several con- 
tributing factors, among which can be (a) alterations 
m the quantity of light reflected and absorbed at the 
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Fig 4 — Influence of light intensity on the fading 
of the surfaces of tablets colored with FDSeC Blue 
No 2 and FD&C Blue No. I 




Fig. 5. — Influence of light intensity on the fading 
of the surface of tablets colored with D&C Yellow 
No 10 and FD&C Yellow No 5. 


surface of the tablet as fading proceeds, {61 subse- 
quent changes in the amount of energy available to 
bring molecules to the excited state, (c) possible ab- 
sorption of a certain amount of energy by the de- 
composition products, (d) porous nature of the tab- 
lets, (e) influence of the substrates on the photoreac- 
tion, (/) the possibility of reactions between dj^e and 
its decomposition products, (g) secondary reactions 
involving the dye and atmosphere. 

Because it w as felt that one or more of the above 
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factors probably contribute to the changes in the 
rates observed in the plots of log absorbance ar. time 
it was decided to utilize the initial fading rate as most 
accurately representing the photodegradation of 
the dj'e at the tablet surface. This postulation seems 
to be supported by Desai and Giles (3) and Atherton 
and Seltzer (10) in their studies on dye fading. 
Desai and Giles indicated that the initial reaction is 
representative of an attack on one or other of the cen- 
ters of the molecule which are responsible for color. 
Atherton and Seltzer based their e.vperiments on 
measurements made over the initial stages of reac- 
tion in order to minimize the effect of reactions be- 
tween the dye and its decomposition products. 

The apparent first-order reaction rates for the dis- 
appearance of color from the surface of the tablets 
upon exposure to light were obtained from the slopes 
of the plots of log absorbance vs. time according to 
the equation, log = — [/fe/2.303] I constant, 
where —A/2.303 is the slope of the plots. The rate 
constants (A) evaluated in this manner are presented 
in Table I. Although the rate constants for the dif- 
ferent slopes of each curve are given, only the initial 
rate, Ai, will be used in subsequent discussions for 
reasons previously mentioned. 

It is evident from the data presented in Table I 
that the exaggeration produced by the intensified 
light source on the rate of fading of the several dif- 
ferently colored tablets is dependent upon the dye 
used and does not follo^v any particular pattern. 
The acceleration in fading rate caused bj' the ex- 
aggerated illumination ranged from 1.5-fold for 
FD&C Blue No. 2 to 240-fold for D&C Green No. 5, 
when compared with normal illumination fading. 

The contribution of structural configuration of the 
dye molecule to its photosensitivity is a generally ac- 
cepted fact in the field of dye chemistry (11). In 
addition, it is somewhat hazardous to postulate a 
general relationship between color fastness and struc- 
tural classification of the dye, i. e., triphenylraeth- 
ane, azo, indigoid, etc., since it has been shown by 
Desai and Vaidya (12) that dyes of the same chemi- 
cal classification vary in fastness to light. 

In this study, the dyes used in the tablets exposed 
to normal illumination exhibit the following decreas- 
ing order of light stability: D&C Green No. 5 > 
D&C Orange No. 3 > FD&C Yellow No. 5 > FD&C 
Blue No. 2 > FD&C Green No. 3 > FD&C Blue No. 

1 > FD&C Violet No. 1> FD&C Red No. 1 > D&C 
Yellow No. 10 > FD&C Red No. 3. On the other 
hand, the tablets exposed to the exaggerated illum- 
ination exhibit the following decreasing order of light 
fastness: FD&C Blue No. 2 >FD&C Yellow No. 5 > 
D&C Orange No. 3 > FD&C Green No. 3 > FD&C 


Blue No. 1 > D&C Green No. 5 > FD&C Red No. 1 
> D&C Yellow No. 10 > FD&C Violet No. 1 > 
FD&C Red No. 3. It is thus apparent that several 
of the dyes under exaggerated illumination do not 
possess the same order of relative light fastness as 
exhibited under normal illumination. 

It has been reported by Taylor and Pracejus (G) in 
their study on the fading of colored plastics and te.\- 
tiles, that due to the porous mesh nature of textiles, 
depth penetration of all radiations is permitted, sub. 
sequently causing color fading at appreciable depths 
from the surface. Since compressed tablets vary in 
porosity as a result of the particle size of the granula- 
tion as well as the compression force used to prepare 
them, it is believed that depth fading should also oc- 
cur in tablets. In order to ascertain this, tablets 
colored with FD&C Violet No. 1 and exposed to the 
normal and exaggerated illumination for a period of 
eighty-four days were microtomed to different deptlis 
from the surface. Reflectance measurements were 
then performed on these new surfaces and the data 
are presented in Fig. 6. 



Fig. 6. — A plot showing the e.xtent of fading 
neath the snrface of tablets colored with FD&C 
Violet No. 1. 
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Table I. — ^Rate Constants for the Fading of Colors in Compressed Tablets in Days”' 
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Color 
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FD&C Red No. 1 

15.8 

5.11 

1.09 

69.0 

19.5 

4.4 

FD&C Red No. 3 

71.2 

22.2 

5.9 

264.0 

25.5 

9.2 

FD&C Blue No. 1 

5.48 

1.63 


50.6 

9.4 


FD&C Blue No. 2 

3.45 



5. 75 

0.15 


FD&C Green No. 3 

4.55 

0.75 


29.2 

10.9 

4.98 

D&C‘ Green No. 5 

0.25 



59.8 

20.4 

1 .88 
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D&C Yellow No. 10 

2.04 

16.4 

0.38 

8.70 

1.22 

16.3 

72.1 

4.78 

22.1 

3.’29. 

FD&C Violet No. 1 

14.6 
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2.26 
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D&C Orange No. 3 
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It is readily evident from the resulting plots that a 
substantial amount of fading takes place beneath the 
surface of the tablet. Furtlicriuorc it is interesting 
to note that by plotting absorbance w. distance from 
the surface, straight line plots arc obtained for the 
tablets colored with FD&C Violet No. 1 exposed to 
normal and exaggerated illumination as evidenced in 
Fig. 6. Because the difTercntly colored tablets used 
in this study were prepared from granulations of the 
same particle size distribution as well as being com- 
pressed to the same hardness, they should all ex- 
hibit approximately the same porosity Accord- 
ingly. they should also exhibit color fading beneath 
the surface. Two additional tablets, tablets colored 
with FD&C Blue No. 1 and D&C Green No 3, were 
tested similarly to FD&C Violet No. 1 in order to de- 
termine the correctness of this assumption These 
two tablets also exhibited significant fading of color 
beneath the tablet surface. 

Inasmuch as fading of colored tablets docs not re- 
sult in a uniform reduction in dye concentration 
throughout the entire tablet but rather is, to a large 
extent, a surface phenomenon, it is difficult to corre- 
late extent of fading with the destruction of a cer- 
tain proportion of the dye initially’ present in the tab- 
let. Therefore, when the reflectance at the surface 
of the tablet shows that the dye has faded 50% it 
does not correspond to 50% total dye destroyed 

The tablet excipients were carefully chosen for 
this study so that they would not exhibit any signifi- 
cant substrate effect on tire fading rate. In addi- 
tion, the moisture content of the tablets was kept be- 
low 0.5% in order to prevent exaggeration of the fad- 
ing reaction. 

Although it may be desirable to use a monochro- 
matic light source for tire measurement of dye 
photosensitivity, a polychromatic source was used 
in this study in order to simulate practical storage 

conditions. 

SUMMARY AND CONCLUSIONS 

The photosensitivity of ten yvater-soluble 
certified dyes in tablets exposed to normal and 


exaggerated illumination is evaluated. From 
the results of this study the following conclusions 
can be drawn . 

1 . The absorption curves presented for FD&D 
Blue No. I, FD&C Yellow No. 5, and FD&C 
Blue No. 2 shoxv a hypsochromic shift as well as a 
flattening of the absorption maximum in the 
visible spectrum as fading progresses. 

2. The apparent degradation rates for the 
various certified dyes studied are presented and 
appear to follow a first-order reaction. ’ 

3. The fading curves for the dyes investi- 
gated show that the rate is most rapid during the 
initial stage of irradiation. 

4. The exaggeration of color fading produced 
by the intensified illumination does not follow a 
particular pattern for the dyes studied. The 
potentiation of the fading rate varies from 1.5- 
to 240-fold, depending upon the dye studied. 

5. Fading beneath the surface of the tablet 
has been found in the several colored tablets 
studied This depth fading can be ascribed to 
the inherent porosity of compressed tablets. 
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Serotonin-Induced Apnea^ 

By D. C. KROEGER and L. J. LUCCOf 


Studies have been conducted on a number of species of animals to determine the re- 
spective role of peripheral and central actions of serotonin which causes apnea. 
In dogs, three respiratory events are obtained with i. v. injections of serotonin; 
transient gasping and a slower developing hyperpnea which is interrupted in a 
majority of the dogs by apnea. Both forms of respiratory stimulation are sensitive 
to procaine endoanesthesia, gasping being selectively blocked by carotid sinus 
denervation. Hypercapemia resulting from apnea and bronchoconstriction play a 
role in the hyperpnea. Apnea in the dog is of a different origin than that in 
the cat. Preventing bronchoconstriction reduces the occurrence of apnea in the 
dog. Evidence is presented for a central (medullary) inhibition of reflex gasping 

by serotonin. 


Opecies differences to the effects of serotonin, 
^ S-hydroxytryptamme (5-HT) are well known 
(1) Cats and dogs show opposite respiratory 
responses to intravenous injections of 5-HT 
In cats the usual response is apnea which is 
followed by hyperpnea, whereas in the dog, 
apnea is frequently seen to interrupt an exist- 
ing hyperpnea 

Currently many investigators and reviewers 
attribute the apnea to a reflex originating from 
the stimulation of receptors lying m the cardio- 
pulmonary circulation circuit (2-6) and the 
hyperpnea to a reflex arising from stimulation of 
receptors in the aorto carotid baro- and chemo- 
ceptive areas (7-9) The situation is much con- 
fused, however, for not only does 5-HT stimulate 
peripheral receptors (10), but exerts a direct 
effect upon ganglionic transmission (11), smooth 
muscle (12), and central nervous system (13), 
and also releases histamine into the general 
circulation (14) 

A survey of the literature suggests, however, 
that some of the current confusion regarding the 
respiratory actions of 5-HT lies in the fact that 
certain phenomena involved with respiration have 
not been considered The terms respiratory 
stimulation, hyperpnea, and apnea have been 
used with little clanfication as to whether these 
consisted of changes in rate, amplitude, duration 
and/or even changes in the type of respiration 
Thus, the purpose of this study is to define cer- 
tain respirator}' characteristics of 5-HT, to 
present evidence for some possible mechanisms 
of actions, and to review the pertinent literature 
in view of these findings 


* Recei\ed August 21. 1959 from the Pharmacologj Lab 
oratones Dental Branch, Universit> of Texas Houston 2o 
Data concerning blood gas analj ses is abstracted from a 
thesis submitted to the Graduate School of the Unit ersity of 
Holton by L J Lucco in partial fulfillment of the require 
ments for the Master of Science degree 

t Present address Veterans Administration Hospital, 

”p“resenJd'to the _Scientif.c Section A Ph A . Cincinnati 

meeting, August 1959 


EXPERIMENTAL 

Methods. — Forty-five dogs weighing 8-16 Kg , 
15 cats, 2-3 Kg , two rhesus monkeys, 2-3 Kg , .'ind 
three chickens weighing 0 5 Kg were used m this 
study Various anesthetic mixtures were used in 
eluding 1 V pentobarbital, 30 mg /Kg , peiito 
barbital-morphme, 10 mg each/Kg , and chloralose, 
75-90 mg /Kg 

For routine experiments, blood pressure was re 
corded from the femoral artery with a Statham or 
E-l-M blood pressure transducer Respiration in 
dogs and certain of the other animals was recorded 
using an intrathoracic trochar attached to a Statham 
transducer, otherwise, chest movements were re 
corded using an E-t-M stethograph After tracheal 
cannulation, respiratory exchange avas measured 
with a Benedict-Roth spirometer and continuous 
blood oxygen levels monitored with an E-f-M flow- 
through oximeter connected to the carotid circula 
tion Carotid and jugular blood samples w ere siinul 
taneously obtained anaerobically and analyzed for 
blood gases by the Van Slyke method The carotid 
bifurcations were exposed and the carotid sinus and 
carotid body nerves isolated and identified using the 
protocol outlined by Neil, e< of (15) The majoritj 
of injections were administered rapidly into the 
femoral vein with a saline wash, other injections 
were made into the carotids and jugulars Sodium 
mannuronate, 10 mg /Kg , was used to prevent 
clotting 

Special procedures for six cats consisted of bilat- 
eral isolation of the carotid sinus and bod> with 
their nerves The floor of the fourth ventricle was 
exposed by removal of the cerebellum and eiohcd 
potentials recorded using insulated nicliromc elec 
trodes RC coupled to a dual-beam oscilloscope 
Electrode placement and micromjcction of drugs into 
the medulla were made using a Lab-Troinc stereo 
taxic apparatus Carotid blood pressure was re 
corded with a Hathawaj transducer and written out 
on the Phjsiograph' as was all other transduced 
data Blood pressure was maintained bj slow i ' 
infusion of norepinephrine and body temperature 
held near normal with a heating pad 

Doses of 5-HT are listed as meg 5-HT basc/KK 
of body weight Two different samples of serotonin 
creatinine sulfate were available for this studj 
(Abbott Laboratories and California Found itum 


1 Manufactured b> the f d-M Instrument Cornpaa) 
Houston, Tex 
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for Biochemical Research); however, no (lifTcreiicc in 
activity was noted. Except where noted, at least 
fifteen mimitcs was allowed between repeal injec- 
tions of 5-HT. Other drugs used in this study were 
, procaine hydrochloride, bufotenine nionooxylatc 
i (Gilifornia Foundation for Biochemical Research), 
[.-■lysergic acid diethylamide (Sandoz, Dclysidl. re- 
serpine phosphate (Ciba), and (n-cthyl-3-pipcridyl)- 
phcnylcyclopcutyl glycolate (Lakeside J.B. 32‘.I). 

Results. — Rapid injection of doses of 5-HT from 
1 (o 100 meg./Kg. were given into the femora! vein 
of dogs. The latency for the initial sign of a respira- 
tor}' change was G.Od ± l.S seconds. Bradycardia 
was usually seen simultaneously with the occurrence 
of the respiratory change. Immediately after the 
initial hyperventilation, four response patterns were 
observed (in the order of decreasing occurrence): 
a period of respiratory arrest ; a decrease in the re- 
spiratory rate of amplitude with regard to the con- 
trol value; continuation of the increased respiratory 
activity, only of less intensity than that of the initial 
: , response; a period in which the respiratory rate and 
: amplitude rapidly returned to the control value. 

Generally the same response continued to be shown 
« in the same dog with repeated injections. 

The usual response obtained is shown in Fig. 1. 
With the injection of 30 meg./Kg. of 5-HT there is a 
r. brief period averaging 12.1 ± 3.8 seconds of extreme 
; respiratory effort, not only has the rate increased an 
f; average of 4.7 ± l.C times but there is an increase in 
.. the expiratory as well as the inspiratory air. Follow- 
; ing this period of both tachypnea and hyperpnea 
»i there begins a period of respiratory arrest in the ex- 
-^piratory stage. Negative pressure in the thoracic 

- cavity during the arrest period is slightly less than 

, the control period, indicating a relaxation of the 

I muscles about the thoracic cage. Following the 

, period of complete arrest the respiratory muscles are 
j again contracted to a much greater extent than nor- 
mal but at a much slower rate than the control. 
Within a minute's time the rate has increased to 

- slightly more than control and the amplitude of 
; inspiration has decreased but is still approximately 
/ twice the control. The respiratory picture slowly 

- declines both in amplitude and rate until it is back 
■ to control levels in five to ten minutes. 
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Rg. l.—Dog 11.7 Kg., male. Anesthetic, 
pentobarbital-morphine. Effect of single intra- 
venous injection of 6-HT on electrocardiogram, 
rMpiration, and blood pressure in the intact anes- 
thetked dog. Electrocardiograph; lead II, respira- 
fion; intrathoracic pressure, inspiration up. Blood 
pressure in mm. Hg. Time intervals are one second 
and one minute. 


Figure 2 is a similar trace upon which we have in- 
dicated certain theoretical phenomena. The three 
phases represented here compare favorably with the 
three phases of 6-HT action described by Schneider 
and Rinehart (16). In this tracing there first ap- 
pears inspiratory efforts which resemble and have 
been labeled as gasps. Shortly following the initial 
gasp there begins a secondary type of respiratory 
stimulation which involves not only an increase in 
the inspiratory effort but also forced expiration. 
Both of these events are suddenly terminated by 
respiratory arrest with the intrathoracic pressure 
again somewhat greater than during the control 
period. The inhibition of inspiration is terminated 
first but is shortly followed by the reappearance of a 
forced expiration. At this dose the hyperpnea, but 
not tachypnea, continues for an additional five 
minutes. 
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Fig. 2. — Dog 14.4 Kg., male. Anesthetic, pento- 
barbital-morphine Effect of single intravenous in- 
jection of 5-HT on respiration and blood pressure 
in the intact anesthetized dog. Respiration, intra- 
thoracic pressure, inspiration up. Blood pressure 
in mm. Hg. Time intervals are one second and one 
minute. Three phases of the respiratory reaction 
are designated; phase 1 (gasp phase), phase 2 (com- 
bined inspiratory and expiratory excitatory phase), 
and phase 3 (combined inspiratory and expiratory 
inhibitory phase). 

Another reaction which would influence the latter 
phase of respiratory stimulation is seen in Fig. 3. 
With the injection of 30 meg. /Kg. 5-HT, the increase 
in the depth and rate of respiration causes the oxy- 
gen saturation to increase briefly but it then begins 
to fall dramatically even though the respiration 
appears to be more than adequate. During the in- 
hibitory phase there are a few aborted inspirations. 
The spirometer trace, however, indicates a lack of 
tidal movement in spite of rather rapid and exces- 
sive respiratory movements. The lack of gaseous 
exchange would appear largely due to bronchocon- 
striction rather than pulmonary vasoconstriction 
since the blood pressure tracing does not indicate an 
interference in cardiac output due to poor filling of 
the left heart. These findings confirm those of 
Konzett (17). Recent data by Borst, el al. (18), 
however, indicates a considerable pulmonary vaso- 
constriction by 5-HT and perhaps the lung by-pass 
via pulmonary A-V fistulas described by Sparks and 
Tombridge (19) might play a role. Reid and Rand 
(20), Comroe, cl al. (2), and Brockleliurst (12) have 
demonstrated considerable bronchoconstriction. 

A series of 12 dogs were studied with respect to 
blood gases following i, v, injection of 5-HT, 13 



Serotonin-Induced Apnea"^ 


By D. C. KROEGER and L. J. LUCCOf 

Studies have been conducted on a number of species of animals to determine the re- 
spective role of peripheral and central actions of serotonin which causes apnea. 
In dogs, three respiratory events are obtained with i. v. injections of serotonin; 
transient gasping and a slower developing hyperpnea which is interrupted in a 
majority of the dogs by apnea. Both forms of respiratory stimulation are sensitive 
to procaine endoanesthesia, gasping being selectively blocked by carotid sinus 
denervation. Hypercapemia resulting from apnea and bronchoconstriction play a 
role in the hyperpnea. Apnea in the dog is of a different origin than that in 
the cat. Preventing bronchoconstriction reduces the occurrence of apnea in the 
dog. Evidence is presented for a central (medullary) inhibition of reflex gasping 

by serotonin. 


C PECIES DIFFERENCES to the effects of serotonin, 
5-hydroxytryptamine (5-HT) are well known 
(1). Cats and dogs show opposite respiratory 
responses to intravenous injections of 5-HT. 
In cats the usual response is apnea which is 
followed by hyperpnea, whereas in the dog, 
apnea is frequently seen to interrupt an exist- 
ing hyperpnea. 

Currently many investigators and reviewers 
attribute the apnea to a reflex originating from 
the stimulation of receptors lying in the cardio- 
pulmonary circulation circuit (2-6) and the 
hyperpnea to a reflex arising from stimulation of 
receptors in the aorto-darotid baro- and chemo- 
ceptive areas (7-9). The situation is much con- 
fused, however, for not only does 5-HT stimulate 
peripheral receptors (10), but exerts a direct 
effect upon ganglionic transmission (11), smooth 
muscle (12), and central nervous system (13), 
and also releases histamine into the general 
circulation (14). 

A survey of the literature suggests, however, 
that some of the current confusion regarding the 
respiratory actions of 5-HT lies in the fact that 
certain phenomena involved with respiration have 
not been considered. The terms respiratory 
stimulation, hyperpnea, and apnea have been 
used with little clarification as to whether these 
consisted of changes in rate, amplitude, duration 
and/or even changes in the type of respiration. 
Thus, the purpose of this study is to define cer- 
tain respirator}' characteristics of 5-HT, to 
present evidence for some possible mechanisms 
of actions, and to review the pertinent literature 
in view of these findings. 


* Received August 21. 1959. from the Pharmacology Lab- 
oratories. Dental Branch, University of Texas, Houston 2o 
Data concerning blood gas analyses is abstracted irom a 
thesis submitted to the Graduate School of the University of 
Houston by L J. Lucco in partial fulfillment of the require- 
ments for the Master of Science degree „ , 

t Present address; Veterans Administration Hospital, 

^^resS’tS to the Scientific Section. A. Pil A., Cincinnati 
meeting, August 1959- 


EXPERIMENTAL 

Methods. — Forty-five dogs weighing 8-16 Kg ; 
15 cats, 2-3 Kg ; two rhesus monkej's, 2-3 Kg.; and 
three chickens weighing 0.5 Kg. were used in this 
study. Various anesthetic mixtures were used in- 
cluding i. V. pentobarbital, 30 mg./Kg. ; pento- 
barbital-morphine, 10 mg. each/Kg.; and chloralosc, 
75-90 mg./Kg. 

For routine experiments, blood pressure was re- 
corded from the femoral artery with a Statham or 
E-fM blood pressure transducer. Respiration in 
dogs and certain of the other animals was recorded 
using an intrathoracic trochar attached to a Statham 
transducer, otherwise, chest movements were re- 
corded using an E-f-M stethograph. After tracheal 
cannulation, respiratory exchange was measured 
with a Benedict-Roth spirometer and continuous 
blood oxygen levels monitored with an E-hM flow- 
through oximeter connected to the carotid circula- 
tion. Carotid and jugular blood samples were simul- 
taneously obtained anaerobically and analyzed for 
blood gases by the Van Slyke method. The carotid 
bifurcations were exposed and the carotid sinus and 
carotid body nerves isolated and identified using the 
protocol outlined by Neil, et al. (15). The majority 
of injections were administered rapidly into the 
femoral vein with a saline wash, other injections 
were made into the carotids and jugulars. Sodium 
mannuronate, 10 mg /Kg., w-as used to prevent 
clotting. 

Special procedures for six cats consisted of bilat- 
eral isolation of the carotid sinus and body with 
their nerves. The floor of the fourth ventricle was 
exposed by removal of the cerebellum and evoked 
potentials recorded using insulated nichrome elec- 
trodes RC coupled to a dual-beam oscilloscope 
Electrode placement and microinjection of drugs into 
the medulla were made using a Lab-Tronic stereo- 
taxic apparatus. Carotid blood pressure was re- 
corded with a Hathaway transducer and written out 
on the Phj'siograph * as was all other transduced 
data. Blood pressure was maintained by- slow i. 
infusion of norepinephrine and body temperature 
held near normal with a heating pad. 

Doses of 5-HT are listed as meg. 5-HT base/Kg- 
of body weight. Tivo different samples of serotonin 
creatinine sulfate were available for this stuo) 
(Abbott Laboratories and California Foundation 


1 Manufactured by the E-t-M Instrument Cumpaaj, 
Houston, Tex. 
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for BiocivciiHc.it Rose ircli), liciwcNcr, iio ili(Tin.iiiv \\\ 
ncliNiU ivolcit Ksccjit where iwKd \\ ka-nl 
fifteen mmiilcs w.ns .lilowetl between rcjic U mjcc- 
{loivi of 5 HT. Otticr driips (teed in tins studi were 
prswiine Iitdroelilondc, biifolciiiiic iiumooxr 1 ite 
(Catiforiin roiiiidritioii for Biocticiiiic i! Rest ireli), 
t hscigic acitl diellixhinulc (Soiido?, Dch^ndi re 
"icrpHic pliosplntc (Cibn), iviid (it-ctli\l B pipendxl) 
phem lex clopentj 1 gljcolntc (Lakc'-idc J B 3J')) 
Results —llapicl hijccUoh oS elopes of 5 HT from 
1 to too meg /Kg were gixcii into the feinord xciii 
of dog‘i The htciicy Cor lUc lurtval sign of i. tcspir v- 
ton chvigc w-js (3 04 ± 1 S sccoitck Bridxcirdii 
SIS usunlk seen siuniltaucously with the occurrence 
of the rcspintorj" cli.atigo Imiiicdiutcfx after tlie 
initn! fivpen cntifation. four response patterns were 
obsened (in tlic order of decreasing occurrence) 
a period of respiratory arrest, n decrease in tiie re- 
spiratory rate of ainphttide with regard to the con 
trot value, contimi.ition of t)ie increased respiratory 
ictmtj , only of less intensity than that of the initial 
response, a period m vvliich the rcspiratorv rate and 
• amplitude rapidly returned to the control value 
Generaify the same response continued to be sliown 
. m the same dog wuth repeated injections 

The usual response obtained is shown in Fig 1 
IVith the injection of 30 meg /Kg of 5-HT there is a 
bnef penod averaging 12 1 ± 3 S seconds of extreme 
respiratory effort, not only has the rate increased an 
average of 4 7 ± 1 6 times but there is an increase in 
the expiratory as n eJ! as the inspiratory air Follow 
lug this penod of both tachypnea and hyperpnea 
i there begins a penod of respiratory arrest in the e\- 
h-piratory stage iSfegativc pressure m the thoracic 
cavity during the arrest period is slightly less than 
the control period, indicating a relaxation of the 
muscles about the thoracic cage Following the 
period of complete arrest the respiratory muscles are 
again contracted to a much greater extent than nor- 
mal but at a much slower rate than the control 
Within a minute’s time the rate has increased to 
slightly more than control and the amplitude of 
inspuatvon has decreased but is still approximately 
tmce the control The respiratory picture slowly 
declines both m amplitude and rate until it is back 
to control levels in five to ten minutes 


W)6<j 
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Fig 1 — Dog 11 7 Kg male Anesthetic, 
pentobarbital morphine Effect of single intra- 
venous injection of 5-HT on electrocardiogram, 
r^piration, and blood pressure m the intact anes- 
thetized dog Electrocardiograph , lead II, respira- 
tion, intrathoracic pressure, inspiration up Blood 
pressure m mm Hg Time intervals arc one second 
and ope minute. 


Vigwt 2 is 1 siiiiil.ir trace upon which we have in- 
die ited cert nil fhcoietical phenomena The three 
ph iscs represented here compare favorably with the 
(tircc ph iscs of 5 HT action described by Schneider 
.iiid Rinehart (16) In tins tracing there first ap- 
peirs liispiratorv efforts which resemble and have 
betii 1 ibeled .as gasps Shortly following the initial 
g.isp there begins a secondarx' tjfpe of respiratory 
stiimilation which involves not only an increase m 
the inspiratory effort but also forced expiration 
Both of these events are suddenly terminated by 
respiratory arrest with the intrathoracic pressure 
.igam somcvxhat greater than during the control 
penod The inlubiUoti of inspiration is terminated 
first but IS shnrtlv followed by the reappearance of a 
forced expiration At this dose the hyperpnea, but 
not tachy pnea, continues for an additional five 
minutes 
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Fig 2 — Dog 14 4 Kg , male Anesthetic, pento- 
barbital-morphine Effect of single intravenous in- 
jection of 5 HT on respiration and blood pressure 
m the intact anesthetized dog Respiration, intra- 
thoracic pressure, inspiration up Blood pressure 
in mm Hg Tune intervals are one second and one 
minute Three phases of the respiratory reaction 
are designated, phase I (gasp phase), phase 2 (com- 
biuedi inspiratory and expiratory excitatory phase), 
and phase S (combined inspiratory and expiratory 
inhibitory phase) 


Another reaction which would influence the latter 
phase of respiratory stimulation is seen in Fig S 
With the injection of 30 meg /Kg 5-HT, the increase 
in the depth and rate of respiration causes the oxy- 
gen saturation to increase briefly but it then begins 
to fall dramatically even though the respiration 
appears to be more than adequate During the in- 
hibitory phase there are a few aborted inspirations 
The spirometer trace, however, indicates a lack of 
tidal movement in spite of rather rapid and exces- 
sive respiratory movements The lack of gaseous 
exchange would appear largely due to bronchocon- 
stnction rather than pulmonary vasoconstriction 
since the blood pressure tracing does not indicate an 
interference m cardiac output due to poor filling of 
the left heart These findings confirm those of 
Konzett (17) Recent data by Borst, el al (18), 
however, indicates a considerable pulmonary vaso- 
constriction by 5-HT and perhaps the lung by-pass 
via pulmonary A-V fistulas described by Sparks and 
Tombndge (19) might play a role Reid and Rand 
(20). Comroe. et al (2). and Brocklehurst (12) have 
demonstrated considerable bronchoconstnction 
A senes of 12 dogs were studied with respect to 
blood gases following i v injection of 5 HT, 13 



172 


Journal of the American Pharmaceutical Association 


Vol 40, No 3 



Fjg 3 — Dog 14 0 Kg , male Anesthetic, pento 
barbital morphine Effect of single intravenous in 
jection of 5 HT on respiration and blood pressure in 
the intact anesthetized dog Top trace is tidal air 
recorded on a spirometer, vertical lines are one 
minute time intervals Second trace is carotid arter> 
o\j gen saturation Third trace is intrathoracic 
pressure, inspiration up Spirometer trace is not 
enlarged to the same scale as Physiograph trace 
Blood pressure in mm Hg Time intervals are one 
second and one minute Note the loss of tidal air 
volumes which coincide with a fall m carotid arterj 
oxjgen saturation m spite of continued respiratory 
movements 

meg /Kg Three dose= of 5 HT were administered 
forty five minutes apart and carotid and jugular 
blood samples collected just prior to the adminis 
tration of 5 HT and immediately after termination 
of the initial respirator} stimulation In this study 
at this dosage, only 4 of the 12 dogs showed apnea 
A comparison of the mean OAjgen and carbon di 
oxide contents of the samples pre and postinjection 
show ed a slight increase in the volume per cent of 
oxygen which was confirmed in the studies using the 
flow-through oximeter ^^olume per cent of carbon 
dioxide showed a decrease Due to individual varia' 
tions, anal} sis of variance indicated little treatment 
significance Table I is a summary of the blood gas 
anal}ses of the four animals showing apnea 

That this secondar} respirator} stimulation is not 
entirely caused by h} poxia and/or In percapemia is 
illustrated in Figs 4 and 5 Figure 4 illustrates the 



Fig 4 — Dog 14 0 Kg , male Anesthetic, pento 
barbital-morphme Effect of single intravenous in 
jections of bufotenine and 5 HT on respiration anti 
blood pressure m the intact anesthetized dog Both 
drugs were given before and after JB 329, one trace 
of each is presented Similar reactions to both 
bufotenine and 5-HT were obtained Top trace is 
the tidal air recorded on a spirometer, vertical lines 
are one minute intervals Second trace is carotid 
artery oxygen saturation Third trace is intri 
thoracic pressure, inspiration up Lower trace is 
blood pressure m mm Hg Time intervals are one 
second and one minute Note only partial reduction 
of tidal air volumes and lack of apnea following in 
jection of JB 329 

action of both bufotenine, N-methyl 5 hydrox}tr}p 
tamine and 5 HT which are nearl} identical Bufo 
tenine is capable of causing a strong broncliocon 
striction and a cessation of tidal movement of ait 
However, fifteen minutes after the injection of J B 
329, 0 2 meg /Kg , an anticholinergic compound, the 
bronchoconstriction is greatly reduced This drug 
also blocks the apneic stage without influencing 
either the initial gasp or the secondary hj perpnea 
Reserpme, 0 5 mg /Kg and L S D 25, 25 meg /Kg • 
were also capable of blocking the bronchoconstric 
tion but reserpme did not alter the respirator} 
events This action of reserpme had previousl} 
been noticed b}' Schneider and Rinehart (16) 
Figure 5 illustrates the progressive increase in the 
amount of bronchoconstriction with doses of 10, 20. 


Table I — Oxxgen and Carbon Dioxide Contents of Arterial and Venous Blood in Dogs Before 
AND After the Administration of Serotonin" 
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"TtSp included in th^ table are onl J those that demonstrated a distinct apncic response folloiuni: the initial l'y i>" 

lentUation eTcited bfthe adm.n.M of serotonin base (13 meg /KT , ^) All percenlage changes are pns.mt imlrM 

*^°b^lDjection 5 in which apnea «3S obscr\ed 
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Fig. 5. — Dog 16.8 Kg., male. Anesthetic, pento- 
barbital-morphine. Effect of various intravenous 
doses of 5-HT on tidal air and oxygen consumption 
in the intact anesthetized dog. Spirometer traces 
read from right to left. Top trace illustratiis the ef- 
fect of increasing the carbon dioxide tension by re- 
moval of the soda-lime cannister 


and 30 meg. /Kg. of 5-HT. Though these doses 
were repeated within three minutes there was no 
apparent desensitization or tachyphylaxis of this 
bronchoconstriction. The top tracing of Fig 5 
shows the lessening of the bronchoconstriction when 
the animal was made hypercapemic by removal of 
the soda-lime absorbent from the spirometer filled 
ivith 100% Oi. 

Contrary to the report by Schneider and Yonk- 
man (21), procaine 3 mg /Kg. is capable of blocking 
the initial reflex respiratory stimulation in dogs 
With an injection of 5-HT, one to three minutes 
following the i. v. injection of procaine, the dog 
shows respiratory arrest or partial inhibition im- 
mediately without the respiratory^ stimulation. 

Figure 6 illustrates the reflex gasp still obtained 
after double cervical vagotomy Frocaine HCl, 5 
mg./Kg. i. V , however, abolishes this residual action 
of 5-HT, 30 mcg./Kg. Sectioning of the vagi 
abolishes the apneic response to small or moderate 
dosages of 5-HT; however, if the dose is increased up 
to 100 meg. or more/Kg. i v. in the vagotomized 
animal, another apneic response is obtained. 

To investigate this action further a series of four 
eats with exposure of the medulla and the carotid 
bifurcation were employed Decerebrate cats were 
made apneic by threshold tetanizing stimulation to 
the expiratory center on the floor of the medulla 
rostral to the obex. Injections of 30^0 meg /Kg. 
5-HT i. V. did not consistently block or lessen expira- 
tory center stimulation; however, occasionally an 
inspiration did occur within the expected latency 
after injection. Complete apnea still persisted after 
carotid injections of serotonin. Pontine sectioned 
cats were made to inspire by intermittent tetanizing 
stimulation of the inspiratory center. Again injec- 
tions of 5-HT, 30-60 mcg./Kg. i. v. did not block 
this form of artificial respiration, nor did microin- 
JCcUons of 0,005 ml, of 0.1% 5-HT at the site of 
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Fig. 6. — Dog 14.0 Kg., male. Anesthetic, pento- 
barbital-morphine. Effect of intravenous injections 
of 5-HT on carotid artery oxygen saturation, re- 
spiration ; intrathoracic pressure and blood pressure 
in the intact and vagotomized dog. The tracings 
show the occurrence of a respiratory gasp in the 
vagotomized dog and blockage by intravenous pro- 
caine. 
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Fig. 7. — Cat 2.9 Kg., female. Anesthetic, chlora- 
lose. Effect of intravenous injections of 5-HT on the 
reflex gasping caused by intermittent tetanizing 
stimulation of the right or left carotid body nerve. 
Part A illustrates control responses to 5-HT . Part B 
illustrates inhibition of gasping by 5-HT in the 
intact cat. Part C illustrates the same response 
aftM sectioning of the vagi and the sympathetic 
chain. Part D shows a similar effect still present 
after spinal cord Cs section. Part E shows this same 
effect after intercollicular sectioning of the brain 
stem. Dots appearing under respiration indicate 
frequency and duration of stimulation 


medullary stimulation, but this effect could be 
blocked by microinjection of procaine 4%. 

Figure 7 shows a series of tracings made from a cat 
which was caused to gasp by intermittent threshold 
tetanizing stimulation of either the left or right caro- 
tid body nerve. With injections of 5-HT, 30 meg./ 
Kg., this reflex gasp is seen in Fig. 7B to fatigue quite 
rapidly at the maximum of the depressor response. 
Switching from the left to the right carotid body 
nerve indicates that the bilateral reflex center rather 
than the nerve fiber is involved. The usual reflex 
gasps are either partially blocked in amplitude or 
completely prevented 

l.Vith the sectioning of all major nerves in the 
neck, the ganglionic chain below the superior cervical 
ganglia and the vago-sympathetic network, the 
blood pressure trace changes from a depressor to a. 
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pressor reaction, Fig. 7C. AVith the injection of 
5-HT, 30 meg. /Kg. i. v., the reflex gasps become in- 
hibited at the maximum of the pressor response. 
In order to determine that this effect was not due to 
impulses conducted centrally by the neck nerves or 
in the spinal cord, a Ce section was performed. 
Figure 7D shows the similar effect of the same dose of 
5-HT on the induced reflex gasps thirty minutes 
following cord section. Finally in Fig. 7E, following 
sectioning of the brain stem above the medulla, the 
reflex gaspings are inhibited coincidentally with the 
injection of 5-HT, The head of the animal at this 
stage was connected to the trunk onl 3 ' by the carotid 
and vertebral arteries, the jugular vein, and the 
vertebral muscles. All other tissue in the neck had 
been ligated and severed, including both carotid 
sinus nerves, thus the onl}' functional tissue would 
seem to be the cervical spinal cord and medulla con- 
nected efferently to the phrenic nerve. The afferent 
connections, the carotid bodj' nerves, were spared 
since they were being stimulated for the gasp reflex. 

DISCUSSION 

It has been stated previouslj' that some of the 
confusion existing about the respiratory actions of 
5-HT could be attributed to the lack of uniformity 
of description of the respiratory events. By not 
fully describing the respiratory reactions seen some of 
the more subtle actions of 5-HT have been over- 
looked. Using Fig. 2 upon which the three respira- 
tor}' phases of 5-HT have been depicted it is possible 
to review previous findings in the light of some of the 
results presented in this paper. 

The initial stimulation is the only respiratory 
action of 5-HT that is peculiar to the dog and not to 
cat, rabbit, rat, and guinea pig. Schneider and 
Yonkman (4) reported that double vagotomy 
abolished this priraar}' respiratory stimulation by 
5-HT and that the reflex receptor sites must then lie 
in the cardio-pulmonary region. Douglas and Toh 

(9) , McCubbin, el al. (7), however, presented evi- 
dence that the origin of the respiratory stimulation 
is still functional in the vagotomized dog. McCub- 
bin, el al., disagree with Douglas and Toh, Heyraans 
and van den Heuvel-Heymans (22) regarding the 
role of the carotid sinus and/or the carotid body. 
The latter two groups of investigators favor a cen- 
tral stimulatory action since stimulation persisted 
after sinus nerve sectioning in the vagotomized dog. 

The same discrepancies and confusion exist for the 
primary apneic response seen in the cat. Reid and 
Rand (20) first reported that vagotomy eliminated 
this response. Comroe, ei al. (2), Mott and Paintal 
(5), Paintal (6), Kottegoda and Mott (23), and 
Schneider and Yonkman (4) have all presented evi- 
dence that afferent fibers in the vagus are stimulated 
and sectioning or cooling the vagus to 1 or 2 
abolishes apnea in most cats. Ginzel and Kottegoda 

(24) obtained evidence that baro- or chemoceptive 
stimulation caused an apnea which was abolished 
by sinus nerve sectioning. More recentl}' Ginzel 

(10) has described apnea which persists after sinus 
nerve sectioning and can be elicited by the injection 
of small amounts of 5-HT into the subclavian artery 
near the vertebral artery. 

Thus for both the dog and the cat evidence has 
been obtained that 5-HT causes respiratory reac- 


tions at three different sites, cardio-pulmonary, 
sino-aortic, and central. As stated earlier, apnea in 
the cat is predominantly caused by a reflex arising 
from the lungs, the fibers having been identified by 
Paintal (6) as specific pulmonary deflator fibers. 
The initial gasps in dogs would appear largely due 
to stimulation of the chemoceptors of sino-aortic 
origin. It is proposed, however, that coincidental 
with the gasps there begins a true hyperpnea which 
may or may not be interrupted by apnea. 

That two simultaneous forms of respirator}- sti- 
mulation exist is suggested by the latent appearance 
of tachypnea with active expiration folloiving one or 
more gasps. Inspection of published records (', 
Fig. 3) of McCubbin, ct al., reveals a tachypnea but 
without a change in amplitude during rvhich time 
the chemoceptors of the carotid bifurcation were 
removed from contact with circulating 5-HT. 

The apneic response in dogs appears to have a 
dose-response relationship, for Douglas and Toh (9) 
report no apnea with 2-8 meg. /Kg. i. v. but Lticco 

(25) obtained a 20% response with 13 mcg./Kg. i. 
V.; Schneider and Yonkman (21) a 50% response 
with 50 mcg./Kg i. v. ; and MacCanon and Horvath 
(8) report a 75% response when 2. 5-5.0 mcg./Kg. 
was injected directly into the pulmonary artery. 

Apnea in dogs appears to have an origin other tlian 
that seen in the cat. Intravenous injection of pro- 
caine prior to 5-HT abolishes apnea in the cat but 
not in dogs. Procaine does block the initial gasping 
and hyperpnea seen in the dog. In certain dogs 
there is close agreement between the dose-rcsponst 
and the time duration for both apnea and broncho- 
constriction. The delayed appearance of apnea in 
dogs also suggests some other mechanism than that 
proposed for the cat. Preventing bronchoconstric- 
tion in certain dogs blocks the apneic response. Fig. 
4. Schneider and Rinehart (16) although presenting 
no data regarding bronchoconstriction, describe the 
ability of reserpine to partially decrease apnea with 
better oxygenation. AA^e have been able to repeat 
this experiment showing that reserpine has pre- 
vented bronchoconstriction. Prolongation of re- 
spiratory apnea in dogs following ganglionic block- 
ade with pendiomide (21 ) could be accounted for by 
the inability of the sympathetic nervous system to 
antagonize bronchoconstriction. The slowly adapt- 
ing bronchial receptors described by AViddicombe 

(26) can account for this reflex. Kottegoda and 
Mott (23) discuss this possibility with reference to 
the cat. 

Most of the investigations to date have been con- 
cerned with the reflex nature of the respiratory action 
of 5-HT; however, most all invcstigatorastatcthal a 
residual central mechanism is involved. Stimula- 
tion as well as inhibition has been postulated. Mar- 
razzi and Hart (27) first described a transitory inhi- 
bition of the ipsilateral transcallosal response of cor- 
tical neurons following injection of 5-HT into the 
carotid artery. Edisen (28) was able to show a 
slower but more prolonged depression of ipsilateral 
spinal mono- and multisynaptic conduction follow- 
ing large i. v. injections of 5-HT. More recentl} 
Koella, el al. (29), demonstrated both ipsilateral amj 
contralateral inhibition of optically evoked cortical 
potentials resulting from carotid artery injection <4 
small doses of 5-HT. Inhibition is more prominent 
when the carotid sinus is intact but there remains an 
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iiihibition folloiNiiiR sinus dcnci vation nlncli tlicy 
aUtibutc to a direct central clTcct They ascribed 
the reflex and some of the dii cct inldbition as being 
mediated by the reticular core which relates directly 

I with the decrease in facilitation of the knee jerk nilh 
ospiratnry mhibitiou (30). 

y Inhibition by 5-IIT of the gasp reflex elicited by 
stimulating the carotid body nerve. Fig 7, is an 
example of the central inhibition of a rcsjnratory 
reflex Partial confirination of this action has been 
obtained by studying this same reflex in the recipient 
head of carotid cross-circulated dogs (31) Addi 
lional studies have been initiated to define the 
quantitative as iiell ns qualitative role of 5 I IT on 
central respiratory inechanisuis 
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The Quantitative Determination of Free Menthol 

in Peppermint OiV 


By MARTIN I. BLAKEf 


The free menthol content of peppermint oil 
>s determined by refluxing a sample of 
M chloroacetyl chloride. Hydrogen 

cnloride, a by-product of the reaction, is car- 
ried oi er into a solution of standard silver ni- 
trate with the aid of nitrogen gas. Excess sil- 
7er nitrate is determined with standard am- 
monium thiocyanate. 


'I 

r OFFICIAL procedure for determining 

in peppermint oil was developed by 
' I Kleber (1) and first appeared in 

J { P Vlll -pjje method has been frequently 
,, entunzed and, over the years, numerous modifica- 


21, 1959 from the fichool of Pharmacy, 
College, Fargo 

Meeting Section, A Pk A , Cincinnati 

of acLnowledges the financial support 

1 ^tesect project 

^aai, U] oooress Argoone National Laboratory, Le 


tions hax'e appeared m the literature These 
have been reviewed earlier (2, 3) 

In general, methods proposed for the analysis 
of menthol take advantage of the reactndty of 
the hydroxyl group In the official procedure 
for peppermint oil (4), the menthol is esterified 
with acetic anhydride and sodium acetate Men- 
thol content is ex'aluated by saponification of 
the ester with alcoholic potassium hy'droxide 
Chnstensen and Pennington (5) determined the 
menthol content of peppermint oil by acetylation 
with acetyl chloride This reagent is also used 
for determining the hydroxyl number of fatty 
substances (6) 

Methods for determining alcohol constituents 
in volatile oils are described by Guenther (7) 
Methods for evaluating alcohols in general, are 
reviewed by Mehlenbacher (S). These may be 
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classified as acetylation (acetic anlij'dride or 
acetyl chloride), phthalation (phthalic anhy- 
dride), and formylation (aceto-formic acid re- 
agent). Alcohols, including menthol, have been 
determined with lithium aluminum h 3 'dride bj’' 
Lintner, Schleif, and Higuchi (9) 

The present report describes a procedure for 
the estimation of menthol in peppermint oil bj' 
acylation with chloroacetyl chloride. The equa- 
tion for the reaction is : 




'OH + CH.Cl— CO— Cl 


\ 

Menthol 


Chloroacet 5 ’l 

Chloride 


Y ^O— CO— CHoCl -f HCl 

/\ 

Menthyl Chloroacetate 


The hydrogen chloride gas, a by-product of the 
reaction, is determined by the Volhard method 


EXPERIMENTAL 

Apparatus. — The arrangement of the apparatus is 
shown in Fig 1 A standard nitrogen tank was used, 
and was equipped with a pressure gauge and reduc- 
tion valve to permit control of the flow of nitrogen 



Fig. 1. — Apparatus for determining free menthol 
in peppermint oil: A. trap, B thermometer; C 
magnetic stirrer; D. heating mantle, E. reaction 
flask; F. filling tube; G. Friedrichs condenser, H 
Dewarflask; /. vaportrap; J measuring pipet; and 
K. graduated cylinder. 


The outlet of the tank was connected to a trap (A) 
by tight fitting rubber tubing The outlet of the 
trap was joined to a gas inlet of a 500-ml 
necked standard-taper round-bottom flask (£). 
The reaction flask was fitted vith a thermometer 
(B), a filling tube (F), and a Friedrichs condenser 
(G). A heating mantle (D) uas set beneath the 
reaction flask and the entire system was mounted 
over a magnetic stirrer (C). The outlet of the 
condenser was fitted to a vapor trap (7) having a 


fritted disk sealed to the inner tube. The trap 
was placed in a Dewar flask (H) which was packed 
with crushed ice during a run. The trap outlet 
was joined to a small bore 1-ml. measuring pipet 
(J) by rubber tubing. The pipet was placed in a 
50-ml graduated cylinder (AT) so that the tip of the 
pipet extended to about one-half inch from the 
base of the c 5 dinder. All fittings were tightli 
secured to minimize the possibility of a gas leak. 

Procedure. — A sample of pure menthol, 200-300 
mg , accurately weighed, was dissolved in 20 ml of 
toluene, and quantitatively transferred to the reac- 
tion flask One gram of chloroacetyl chloride, di^• 
solved in 20 ml of toluene, was placed in the filling 
tube Exactly 25 ml of 0 1 A^ AgNOj solution was 
transferred by pipet to the 50-ml C 5 dinder. Distilled 
water was added to the 59-ml. mark. Nitrogen 
gas was passed through the system at a -controlled 
rate of 120 bubbles per minute as noted in the gradu- 
ated cylinder. The chloroacetjd chloride solution 
was added to the reaction flask and the heating 
unit was turned to “on” position The solution 
was stirred gently during the heating period b\ 
means of a Teflon covered magnetic bar. The 
temperature of the reaction was maintained at 101- 
102°, by means of a rheostat for a period of one 
hour After this time, the reaction was stopped 
and the contents of the 50-ml cylinder rrere quanti- 
tatively transferred to a 250-ml. Erlenmeyer flask 
Three milliliters of nitric acid and 3 ml. of nitro- 
benzene were added, followed by 2 ml. of ferrit 
ammonium sulfate T S The excess silver nitrate 
was titrated with 0 1 N ammonium thiocyanate 
solution A blank determination was run in a 
similar manner, but the menthol sample was omit- 
ted and a blank was run after each four determina- 
tions 


Table I — Analysis for Free Menthol 



Pure 

Menthol 

Proposed 

M ethod, 

Pro- 

posed 

Method, 

Peppermint 

Official 

Method, 

Oil^ 

Method 

of 

Hamar- 
nch, 
gt ol , 

No 

% 

% 

% 

% 

1 

101 78 

50 93 

51 20 

50 99 

2 

100 80 

50 90 

50 85 

5U /O 

3 

100.74 

50 26 

50 78 

50 49 

4 

100 22 

50 01 

50 02 

50 45 

5 

99 95 

49 76 

49 51 

50 30 

6 

99 88 

49 46 

48 96 

50 20 

7 

99 67 

49 10 

48 76 

50 00 

8 

98 97 




Av 

100 25 

50 06 

50 01 

50 40 

Av. Dev 

0 64 

0 55 

0 79 

0 24 


In the analysis of peppermint oil, samples weigInnS 
between 400 and 500 mg. (assuming about 5t),r 
menthol content) were employed. Samples "cre 
coni-enientl}' neighed by placing peppermint oi 
in a half-ounce dropper bottle The entire system 
was weighed Between 16 and 20 drops of oil "crc 
added to the reaction flask into nhich 40 ml o 
toluene had previouslj- been added. The droppef 
bottle was again weighed and from the difference 
in weight the sample weight was readily deter- 
mined. 
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Calculations. — Menthol content w.aa calculated In addition, the gases passed through a vapor trap 
from the expression : maintained at a low temperature. A series of 


TVol. 0.1 N Nn,SCN - Vol. 0.1 iV_NH 4 
Lcoiisuiiicd ill blank consumed in rtii 
Weight of sample in mg. 

For a comparative study, peppermint oil was 
assayed by the U. S. P. method (4). Ester content 
and total menthol were determined. Free menthol 
svas calculated from the results. Comparison was 
made with the results obtained by the method of 
Haraarneh, Blake, and Miller (3). All results are 
reported in Table I. 

DISCUSSION 

This paper describes a convenient procedure for 
the determination of menthol, pure and in pepper- 
mint oil. The method is based upon an esterifica- 
tion procedure, the reaction commonly used ror the 
estimation of menthol in peppermint oil. Instead 
of saponifying the ester, which is the usual pro- 
cedure, the hydrogen chloride gas, a by-product 
of the reaction, is passed into a standard silver 
nitrate solution. This is effected with the aid of 
dry niti'ogen gas which is passed through the system 
at a controlled rate. Excess silver nitrate is deter- 
mined with standard ammonium thiocyanate 
solution. 

The reagents employed in this procedure were 
selected because of their suitability for the condi- 
tions of the reaction. The temperature of the 
reaction was maintained at 101-102°, which was 
sufficiently high to insure completion of reaction 
in a reasonable time period, yet low enough that 
other products would not distil over. Since 
chloroacetyl chloride has a boiling point of 105°, 
whereas acetyl chloride boils at 51-52°, the former 
was selected as the acylating agent. Increase in 
boiling point is made at no significant expense to 
chemical reactivity. Toluene, with a boiling 
point of 111° served well as the reaction solvent. 
Menthol has a boiling point of 216°, far above the 
temperature of the reaction. To be certain that 
only the hydrogen chloride gas would be carried 
over, it was necessary to take additional pre- 
cautions. The Friedrichs condenser with cold 
water passing through, served as a reflux condenser, 
permitting only gaseous products to pass through. 


1 X 15.027 XlOO 

= % Menthol 

blank determinations showed a precision of better 
than 5 parts per 1,000. 

The Volhard metliod was selected for the deter- 
mination of the hydrogen chloride because the reac- 
tion could be followed conveniently by the nature 
and amount of the precipitate appearing in the grad- 
uated cylinder. 

Preliminary investigation showed that the reac- 
tion, using sample weights indicated in this report, 
was complete within the one-hour time limit. On 
the average it required between four and five hours 
to conduct two runs and a blank. In routine analy- 
sis, a series of determinations may be conveniently 
effected by flushing the system with nitrogen gas 
prior to the introduction of a new sample and addi- 
tional chloroacetyl chloride. However, for more 
accurate work it is suggested that a clean and dry 
reaction flask and vapor trap be installed for each 
run. 

The results in Table I indicate that the proposed 
method gives results comparable to the official 
method and the chromatographic procedure reported 
earlier by Hamarneh, Blake, and Miller. 

Work is currently in progress in this laboratory to 
apply this procedure to other alcohol-containing 
volatile oils. 
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Notes 


A Note on an Apparatus for Intracerebral Injections in 

Conscious Mice* 

By J. VANECEK, V. KREBSf, E. SCHEERJ, and T. BIELEKEJ 


R ecently intracerebral injections in mice have 
been successful!}’ introduced as a method for 
studying the direct actions of drugs on the central 
nervous system with large groups of animals (1) 
Haley and McCormick (1) presented a detailed 
methodical account outlining the precise point and 
depth of injection, but a great degree of experi- 
mental skill was necessary for accuracy There- 
fore, we tried to facilitate their technique by the 
following design (Fig 1) It also helps to inject 
very small volumes of fluid accurately, without 
using specially accurate syringes 

A head holder {A) has been made from methyl 
methacrylate to assist in determining the point 
of injection. On its top, the midline and the points 
for injection in both ventricles are marked. The 
head of the mouse is placed in the holder so that 
the hind border connects the anterior base of the 
ears. The points for injection are then 2 mm. from 
the midlinc on both sides. This corresponds topo- 
graphically to the point recommended for intracere- 
bral injection in mice (1) The head is held in this 
position by a plate (B) with a coil spring (C) 

In order to prevent the needle from penetrating 
into the mouth, the insertion depth is fixed at 2 5 
mm. As the amount of injection fluid must not 
exceed 0.05 ml , a micrometer (D) operates the 
1-ml. tuberculin syringe (E) This allows the pre- 
cise administration of volumes of 0 001 ml 

Manipulation with the tuberculin syringe is 
facilitated with the micrometric screw (F), the 
weight is equalized b)’ means of a counterweight 
(G), the thread of which is passed over a pulley 
(H). Two rods (/) maintain the same position in 
relation to the points for injection in the holder 
The complete apparatus is attached to a stand (J) 

* Received November 2, 1959, from the Faculty of Pedi- 
atrics. Charles University, Prague, Czechoslovakia 

t Pharmacological Laboratory, Czechoslorakia Academy 
of Science 

X Institute for Corticovisceral Pathology and Therapy, 
Berlin, German 3 ’. 



Fig 1 — Scale drawing of intracerebral injection 
apparatus 


One hundred mice ivere injected ivith inetliylcnc 
blue, and about 85% of the injections were into 
the ventricle It is hoped that this design may bt 
of some use with the method of Haley and Jle- 
Cormick. 
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A Note on the Correlation of /w Vivo With In Vitro 
Disintegration Times of Enteric Coated Tablets* 

By JOHN G. WAGNER 


a previous communication (1) the average dis- 
X integratioiv time of enteric coated tablets in the 
intestine of the dog (Triro) was correlated witli (o) 
tlic average disintegration time of the whole enteric 
coated tablet in artificial intestinal fluid pH C.9, 
(?,) and (b) the average disintegration time of the 
enteric coating only in the same fluid (Tc). The Tc 
values were obtained by subtracting the average 
disintegration time of the corresponding subcoated 
tablet from the Ti values. Linear relationships 
were obtained when Ttx,„ was plotted against the 
logarithm of Ti and when T,ire was plotted against 
the logarithm of Tc. The data used are shown in 
Table I. 

The empirical relationships formerly reported are 
not supported by theoretical considerations. It has 
now been found that the above data may be plotted 
in a different manner to yield linear relationships 
which do have a theoretical basis. For reactions of 
order zero to two, the specific rate constant for the 
reaction is inversely proportional to the time re- 
quired to reach a certain end point (2). If the reac- 
tion order for the disintegration process is from zero 



Fig. 1. — Curve A is a plot of the reciprocal of the 
average intestinal disintegration time in the dog 
against the reciprocal of the average disintegration 
time of the enteric coating in artificial intestinal 
fluid, pH 6.9. Curve B is a plot of the reciprocal 
of the average intestinal disintegration time in the 
dog against the reciprocal of the average disintegra- 
tion time of the whole enteric coated tablet in arti- 
ficial intestinal fluid, pH 6.9. 


Table I. — In Vitro and In Vivo Disintegration Times of Enteric Coated Tablets (Tisib in Minutes) 


Lot 

Ti 

Te 


Type of Enteric Coatine 

I 

15.1 

10.8 

32.2 

Styrene-maleic acid copolymer, dibutyl phthalate, and 
talc 

II 

30.1 

21.3 

45.2 

Hydrolyzed resin SC-2, dibutyl phthalate, and talc 

HI 

43.8 

35.0 

54.0 

Cdluiose acetate phthalate, propylene glycol. Span 
80, and talc 

IV. 

58.2 

52.4 

62.5 

Starch acetate phthalate, propylene glycol. Span 80, 
and talc 

II» 

59.8 

... 

58.3 



“ Lot II stored for one montb at 47°. 


to two, then the specific rate constant will be in- 
versely proportional to the disintegration time. Since 
the same end point was used both in vivo and in vilro 
(essentially complete disintegration of the enteric 
coated tablets), the reciprocal of the in vivo dis- 
integration time may be plotted against the recipro- 
cal of the in vilro disintegration time. The recipro- 
cal, 1/TtUc, under the above conditions, will be 
directly proportional to the specific rate constant 
for the in vivo disintegration process and the recipro- 
cal, IfTi, will be directly proportional to the specific 
rate constant for tlie in vitro disintegration process. 

Figure 1 shows a plot of l/Tvito against \/Tc (line 
Aland a plot of l/Tdvc against l/Ti (line B). The 
correction coefficient for line A is 0.99S and that for 
• ‘-line B is 0.996. Both correlations are highly signifi- 
I rant. The equations for the least squares lines are 

\ l/r„„ = 0.190 (1/r.) -f 0.0128 (line A) (Eq. 1) 

l/r„„ = 0.294 (1/r.) + 0.0118 (line B) , (Eq. 2) 

Assuming the reaction order is between zero and 
two and is the same in vivo as in vitro, Eq. 2 indicates 
that the rate constant for the disintegration process 

•Received August 13, 1959, from the Upjohn Co., Kala- 
maioo, Mich. 


in the dog’s intestine is only approximately one- 
third of the rate constant for the disintegration 
process in pH 6.9 intestinal fluid when the whole 
enteric coated tablet is considered. 

Equations 1 and 2 are only valid over the range of 
disintegration times studied. Equation 2, if utilized 
outside this range, indicates that as Ti gets very 
large, or l/Ti approaches zero, then l/Ttitc ap- 
proaches 0.0118, or Tcxvc approaches 1/0.0118 or 
eighty-five minutes. However, it is known from our 
investigation of lot V in the dog ( I ) and the work of 
Chapman, el al. (3, 4), in human subjects that tablets 
which have very large disintegration times may not 
disintegrate completely, or at all, in the intestines. 
Hence, one can assume that beyond a certain Ti 
value, greater than sixty minutes, the enteric coated 
tablets will not disintegrate completely in the intes- 
tine. 
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A Note on the Preparation of Saturated Solutions at Constant 

Temperatures* 

By J. A. WOOD, L. WAIT RISING, AND NATHAN A. HALL 


An easily constructed apparatus for the uni- 
form agitation of solute-solvent combina- 
tions is described. It can be used effectively in 
many laboratory mixing problems. 


I N CONNECTION vjith OUT Studies of the solubihza 
tion of certain chemicals by surfactants, the 
construction of an apparatus for uniform agitation 
of the solute-solvent combination became necessary. 
B 3 ' a relatively simple adaptation of materials com- 
mon to most pharmaceutical research or control 
laboratories, we have been able to fashion a suitable 
instrument, the detailed construction of which may 
be of interest to others faced with a similar problem 
The arrangement, illustrated in Fig. la and the 
photograph. Fig. lb, makes use of the Vanderkamp 
tablet disintegration tester (Stoll-Gershberg Tj'pe)* 
(o). The apparatus submits the solute-solvent 
mixtures to a continuous rocking motion which 
provides the necessary agitation. The vertical 
shaft (i) is moved up and down within its sup- 
porting column in a stroke of 5 5 cm by a special 
steel-geared reduction motor and an eccentric cam 
at a fixed speed ol 30 cj'cles per minute This 
speed is suitable for limpid and viscid mixtures. 

In the assembled disintegration apparatus a 
basket-rack assembly is fastened to the end of the 
supporting rod (d) and thereby hangs from the 
horizontal arm (c). The basket-rack assembly is 
removed and its supporting rod (d) is connected to 
an aluminum rod (/), s/j inch diameter, by means of 
a piece of thick-walled rubber tubing (r) The 
terminal ‘’/j inch of rod (/) is filed flat on two sides 
and fitted into a slot cut into the end of the tilting 
arm (It). A hole is drilled through the two pieces 
of rod and a pin (g) inserted to form a pivot joint 
The tilting arm (/;) is a Flexaframe rod (Fisher 
Scientific Co . Catalog No 14-666-10) rigidly 
connected to another Flexaframe rod whose end is 
visible at point (J) b 3 ' a Flexaframe connector (i) 
(Fisher Scientific Co , Catalog No 14-666-20) 
Fastened to the rod visible at (j) is a wooden plat- 
form (/), Vs X 3 X 6 inches, upon which is mounted 
the solution bottles. The wooden platform is 
fastened to its mounting rod (j) by means of two 
aluminum straps placed over the rod and screwed 
to the wood. The straps used are those which an 
electrician uses to strap conduit to rafters or walls 
The solution bottles (m), only one visible in drawing, 
are mounted on the wooden table b 3 ’ means of tiio 
elastic tapes (n). These secure the bottles but 
permit easy mounting and removal. 

The mounting rod visible at (j) is supported at 
each end b3' Fle.\afrarae connectors (k), oniy one 
visible in drawing, which are in turn fastened to 
two supporting rods (o), onU- one visible in drawing 
The lock-screw is removed from connectors (i) 
so that the rod at (j) is free to rotate. The tuo 
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Fig la — Apparatus for preparing saturated solu- 
tions 



Fig 11) — .Ippar.itus for prtp.iring satiir.iltd ‘ohi- 
lions. 
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support rods (o) arc inaiutaincd at a fixed distance 
apart by a cross-member rigidly coimcctcd near the 
top of the rods (p). The cross member visible at 
(/>) is in turn clamped to mounting rods secured to 
the water bath. This arrangement of supports 
and connectors serves as a mounting device to 
^suspend the solution bottles in a constant-tempera- 
ture water bath and as bearings for the operation 
of the rod supporting the bottles. The water [q) 
provides adequate lubrication for the rod ends (j) 
' in the connector bearings. The effective length of 
the tilting arm (/;) is 6.3 cm., and it is operated by a 


vertical stroke of 5.5 cm., see above; therefore, the 
angle of tilt through which the solution bottles 
move is about 50°, sufficient to provide good agita- 
tion 

When agitation has continued sufficiently long 
to saturate the solvent with solute the rod (d) 
is lifted off the supporting arm (c) and may be 
secured by a suitably mounted hook in such a 
position that the solution bottles are in an up- 
right position. The excess solute is allowed to 
settle or may be centrifuged to produce a clear 
supernatant liquid for analysis. 


Book Notices 


Treatise on Analytical Chemistry. Part 1; Theory 
and Practice. Vol. 1. Edited by I M. Kol- 
THOFF and Philip J. Elving. Interscience Pub- 
lishers, Inc., 250 Fifth Ave., New York 1, N, Y., 
1959. xxvi -f- 809 pp. 16 x 23.5 cm. Price 
single 817.50, subscription, S15. 

This is the first volume of the first of three parts of 
a comprehensive and systematic treatise on all as- 
pects of classical and modern analytical chemistry, 
covering the scientific and instrumental funda- 
jnentals of analytical methods by critical selection 
and interpretation of methods and procedures for in- 
organic and organic compounds. Methods for in- 
vestigation and evaluation of the properties and 
composition of commercial products will be in- 
cluded. The first four chapters (Section A) of 
volume 1 take up "Analytical chemistry: its ob- 
jectives, functions, and limitations." Section B, 
chapters 5-19, covers "Application of chemical prin- 
ciples.” Each chapter is a contribution by an au- 
thoritative worker in the field discussed. References 
are given at the end of each chapter. Volume 1 
does not contain an index but a detailed table of 
contents is provided. The Treatise is not intended 
to replace the great number of existing and exhaus- 
tive monographs on specific subjects, but rather to 
serve as an introduction and guide to the efficient 
utilization of specialized monographs. Volume 1, 
part 1 is a good beginning. 

Husa's Pharmaceutical Dispensing. Edited by 
Eric W. Martin. Mack Publishing Co., 20th 
and Northampton Sts., Easton, Pa., 1959. ix -k 
729 pp. 18 X 25 cm. Price 812. 

This textbook has been completely rewritten, with 
...twenty-six authors contributing different chapters. 

I lts style and content are as up-to-date as possible. 
Particularly interesting is the treatment of "In- 
-compatabilities” in three chapters covering 231 
pages. A section on compatibilities and incompati- 
bilities of certain manufactured products is included. 
The book is directed not only toward helping the in- 
dividual who compounds prescriptions, but also to 
the future pharmacists’ knowledge about commercial 
compounding practices as they affect prescription 
writing by the physician. 


Curare and Curare-Like Agents. Edited by D. 
Bovet, F. Bovet-Nitti, and G. B. Marini- 
Bettolo Elsevier Publishing Co., Amsterdam, ' 
1959. Distributors for the United States, D. . 
Van Nostrand Co., 120 Alexander St., Princeton, 
N. J. xi -k 478 pp. 16.5 x 24 cm. Price 815.75. 
This book is a comprehensive monograph on 
curare and curare-like agents in which authoritative 
contributors have written on subjects which are 
grouped under the following main chapter headings: 
Ethnographic problems connected with the prepara- 
tion and use of curare by South American Indians, 
South American Loganiaceae and mentspermaceae 
as a source of curarizing alkaloids, The Chemistry 
of naturally occurring curarizing alkaloids, Pharma- 
cological and physiological aspects of curare and 
curare-like drugs, and Clinical applications of 
curarizing agents. References are given at the 
end of each section. A subject index is appended. 


Pain and Itch: Nervous hlechamsms By Ciba 
Foundation Study Group No 1. Little, Brown & 
Co , 34 Beacon St., Boston 6, Mass , 1959. vii -k 
120 pp. 12 X 18 5 cm. 

A compilation of the papers and discussions at the 
symposium of the Ciba Foundation study group No. 
1. March 10, 1959. References and an index are 
appended. 


Analytical Chemistry of Titanium Metals and Com- 
pounds. Chemical Analysis. Vol. 9. By Maurice 
Codell. Interscience Publishers, Inc., 250 Fifth 
Ave., New York 1, N. Y.. 1959. xiii -k 378 pp. 
15x23 cm. Price 812 

This is the ninth volume of a series of monographs 
on analytical chemistry and its applications edited 
by P. J. Elving and I. M. Kolthoff. The author of 
this monograph, M. Codell, has gathered information 
from reliable authorities in the special field cov- 
ered. The book is designed to provide analytical 
chemists with the information required to analyze 
any titanium-containing material. All references as 
well as author and subject indexes are appended. 
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Industrial Gums. Polysaccharides and Their De- 
rivatives. Edited byRovL. Whistler and James 
N. BeMiller. Academic Press, 111 Fifth Ave , 
New York 3, N Y., 1959. xi -f 766 pp. 15 x 23 
cm. Price S25. 

This book presents practical information on in- 
dustrial gums for tlie use of researchers, chemical en- 
gineers, and technical sales personnel. Discussions 
cover factors influencing gum costs and applications 
and the individual gums from agar and gum arabic, 
through the dextrans and bean and seed gums as well 
as the cellulose derivatives, to tamarind and ti. A 
good index is appended. 

Clark’s Applied Pharmacology. 9th ed. By 
Andrew Wilson and H. O. Schild. Medical 
Book Dept., Little, Brown & Co., 34 Beacon St., 
Boston 6, Mass., 1959. .xii + 750 pp. 14.5 x 
22 cm. Price SIO. 

A revised edition with new chapters on the phar- 
macology of tuberculosis and on psycho-pharma- 
cology, the ninth edition of this textbook correlates 
the science of pharmacologj' with the art of thera- 
peutics; focusing on the problems of clinical medi- 
cine and the action of drugs upon the functions of 
the body. The book is designed to stimulate a 
critical approach to the problems in the complex field 
of drug therapy. 

Atlas of Human Anatomy. 5th ed. By Franz 
Frohse, Max Brodel, and Leon Schlossberg. 
Barnes & Noble, Inc., 105 Fifth Ave., New York 
3, N. Y., 1959. X -1- 180 pp. 13.5 x 21 cm. 
Price, Paperbound S2.95, Cloth S4.50. 

This pocket size edition of tlie Atlas includes page 
size color reproductions of the Frohse-Brddel wall 
charts. Also Schlossberg's supplementary charts 
and an explanatory text. Other color charts 
(endocrine system) and line drawings are included. 
An index is appended. 

hlethoden der organischen Cliemie (Houbcn-Weyl). 
Band 1/2, Allgemeine Laboratoriumspraxis 11. 
Georg Thieme Verlag, Herdweg 63, Stuttgart, N. 
Germany, 1959. xlv -f 1017 pp. 17 x 25.6 cm. 
Price DM 176.40. 

The latest volume of this comprehensive treatise 
(in German) of the methods and procedures in or- 
ganic chemistry is the second part of the portion de- 
voted to general laboratorj' practice. The volumes 
in this treatise have not appeared consecutively. 
The publication notice of Band XI/2 on nitrogen 
compounds, the immediately preceding volume, 
appeared in This Journal, 48, 363(1959). The 
first part of the present volume deals with methods 
of comminution and division of materials. The ma- 
jor portion (573 pages) is devoted to general labora- 
tory procedures: from "measurement of liquids by 
gravity and pump methods” to “heat and cold; 
measurement, registering, and regulating tempera- 
tures.” All the sections are liberally illustrated rvith 
photographs and diagrams of the apparatus men- 
tioned. The third portion of the book discusses 
accessory aids in laborator\- technique. A final 
section covers accident prevention in the laboratory, 
and concludes with a discussion on carcinogenic sub- 
stances Author and subject inde.xes are included. 


A History of the American Dental Association. B) 
Robert W. McCluggage. American Dentil 
Association. 222 East Superior St., Chicago 11, 
111., 1959. 520 pp. 16.5 x 23.5 cm. Price 
special red leather binding S12.50. 

The stated aim of this book is not to present tie 
history of the American Dental Association ,is a 
series of dates, marshalled in chronology and illus- 
trated by faded photographs of bearded men, Imt 
rather to present its history against the soci.il ami 
professional background of the times. The story is 
presented in proper perspective, since the personali- 
ties, crises, failures, and achievements which arc 
described integrate this study of dentistry in general, 
and its professional society in particular, with the 
overall historical period. The pertinent facts are 
intertwined with an unusual insight into the various 
patterns of dental education, research, and practice 
over the years, which makes reading of the hook flow 
quite easily and naturally. 

It is immediately apparent that, in spite of its 520 
pages, as much condensation as possible has been 
achieved. The result is a rapidly moving book with 
all the necessary facts described as briefly as possi- 
ble. The historical significance, however, docs not 
suffer by this, but in fact is further enhanced by the 
excellent documentation with references and ex- 
planatory notes grouped bj^ chapters and collected 
at the end of the book. 

While the prime purpose of this publication is to 
present a history of the ADA, a much broader result 
has been achieved. The book might equally be re- 
garded as a history of American dentistry— Us 
evaluation, professionalism, and heritage. 

Pricis de Chimie Biologique. Vol. 1. By J- E- 
CouRTOis and R. Perl:Us. Masson et Cic., 120, 
boulevard Saint-Germain, Paris, 6°, France, 1959. 
viii -f 453 pp. 16 x21cm. Price 3,400 fr. 

This book (in French) is a concise textbook on 
biochemistry. It is one of a series of textbooks de- 
signed particularly for pharmacy students. The 
scries is appearing under the general title "Collection 
dc Precis de Pharmacie,” edited by' M.-M. Janot. 

Pricis de Pharmacodynamie. By G. Valette. 
Masson et Cie., 120, boulevard Saint-Germain 
Paris, 0", France, 1959. vih -p 519 pp. 10x21 
cm. Price 4,200 fr. 

This is the third book (in French) in the series 
"Collection de Precis de Pharmacie,” edited by M-- 
M. Janot for use as textbooks for students of phar- 
macy' and related sciences. It follows the style 
adopted for this series in that it is a concise presenta- 
tion of the action of medicaments, or more generally , 
chemical substances on the living organism. 

Soil, Grass and Cancer. By AndrI: Yoisin. 
osophical Library', Inc., 15 E. 40th St., New 
16, N. Y., 1959. xvii -f 302 pp. 13.5 x 2I.a 
cm. Price S15. 

This book presents the author’s views on the rcla^ 
tion between the manipulation of the soil and itj 
products and human nutrition. Voisin holds t la 
cancer appears less frequently in dwellers on ca 
careous areas of diflerent types of soils. 
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An Evaluation of Certain Hypotensive Agents III* 

Tetrahydroisoquinoline and Tetrahydroquinoline Derivatives 


By R. K. BICKERTONt, M. L. JACQUART, W. J. KINNARD, Jr., J. A. BIANCULLI, 

and J. P. BUCKLEY 


The hypotensive activity of a series ot diquaternarized tetrahydroisoquinoline and 
tetrahydroquinoline derivatives was investigated in the anesthetized rat. The com- 
pounds were evaluated according to the mean duration of action of the dose of the 
compound producing a mean drop in blood pressure of approximately 50 per cent. 
Several of the compounds were further evaluated in normotensive dogs. The most 
J. active compounds were l-(l,2,3,4-tetrahydroisoquinolino)-5-dimethylaminO'3- 

hydroxy-3-ethiayl pentane dimethobromide OB-5037), N-(3-dimethylamino- 
propyl)-l,2,3,4-tetrahydroisoquinoUne dimethobromide OB-621, IN-243) and 1- 
(l,2,3,4-tetcahydroisoquinolino)-5-dimethylamino-2-pentyne dimethiodide OB- 

679). 


"DirRN AND Dale (1) first described the inter- 
ruption of ganglionic transmission by tetra- 
ethylammonium ion in 1914. Acheson, Moe, 
and Pereira (2, 3) later described the relatively 
pure ganglionic blocking properties of tetra- 
ethylammonium bromide. Since this time both 
quaternary and bis-quaternary ammonium com- 
pounds have been extensively investigated in 
search of a compound suitable for use in the 
treatment of hypertensive vascular disease. 
O’Dell, Luna, and Napoli (4) reported the hypo- 
tensive activity of some bis-quaternary am- 
monium compounds and found that N-(3- 
dimethylaminopropyl) - 1, 2, 3, 4 - tetrahydro- 
isoquinoline dimethobromide possessed the most 
potent hypotensive activity of a series of tetra- 
hydroisoqutnoline derivatives when investigated 
/ in dogs. Biel and Di Pierro (5) had previously 
1 reported the synthesis and relative hypotensive 
; >' 'activity of some quaternary salts of N-(4-amino- 
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2 - butynyl) - 1, 2, 3, 4 - tetrahydroisoquinoline 
derivatives. This present report deals princi- 
pally with the evaluation of the hypotensive 
activity in rats and dogs of certain diquatern- 
arized tetrahydroisoquinoline and tetrahydro- 
quinoline derivatives (Fig. 1) which have been 
synthesized by Biel and his co-workers. 


twm.ttr.i 


e.5 a.D l.s j.o 3,5 

Fig. 1. — ^The effects of 2.5 mg./Kg. of JB-621 on the 
blood pressure of a normotensive dog. 

EXPERIMENTAL 



Hypotensive Activity in Normotensive Rats. — 
The compounds were screened and evaluated for 
their hypotensive activity in anesthetized normo- 
tensive rats using a modification of a method de- 
scribed in a previous communication from this lab- 
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oratory (G). Albino Wistar rats weighing approxi- 
mately 150 Gm. were anesthetized by an intra- 
peritoneal injection of 1.2 Gm./Kg. of nrethan and 
secured to an animal operating board. The left 
common carotid arter.v was cannulated. hTormal 
saline solution was used in the system in place of the 
7.5% sodium citrate solution. A minimum of thirU’ 
minutes was allowed to elapse prior to drug adminis- 
tration to enable the blood pressure to stabilize. 
All the compounds were dissolved, just before use, 
in distilled water prior to being administered into a 
femoral vein. The initial dose of each compound was 
1 mg./Kg., and subsequent dosage was adjusted 
according to the results obtained in order to deter- 
mine the dose of a particular compound that would 
produce a drop in blood pressure of approximately 
50%. Dose-responses were plotted on semilog 
paper and the dose producing a 50% drop in blood 
pressure was estimated. In some instances it was 
necessary to utilize a dose of a compound which in- 
duced a milder depressor effect because of the obvious 
signs of toxicity or occasional lethal effect at the 
higher dose level. The approximate EDa, was then 
administered to a minimum of four rats (two of each 
sex), and the mean per cent drop in arterial pressure 
and the mean time for the blood pressure to return 
to predrug levels determined. The number of ani- 
mals used in the evaluation of each compound varied 
according to the reproducibility of results. Chlori- 
sondamine and pentolinium u'cre used as the control 
compounds. 

Hypotensive Activity in Normotensive Dogs. — 
Certain of the compounds were further evaluated 
in normotensive dogs to studj' the possibility of 
species variation. Mongrel dogs of both sexes were 
anesthetized with pentobarbital sodium, 35 mg./ 
Kg., I. V. Direct blood pressure recordings were ob- 
tained from either the right femoral artery or one 
of the carotid arteries. Fresldy prepared solutions 
of the compounds were administered via one of the 
femoral veins. 


were further investigated in normotensive dogs. 
The results are summarized in Table II. Xone of 
the compounds was as active as the esters of piperi- 
dine carboxylic acid previously reported by this 
laboratory (6). Intravenous administration of O.fn 
mg,/Kg. and 2.5 mg./Kg. of JB-621 to a dog pro- 
duced a biphasic hypotensive response comparable 
to that reported by O’Dell (Fig. 1). 

All of the compounds produced biphasic drops in 
pressure with the secondary depressor effect occur- 
ring more slowly and usually to a somewhat lesser 
extent than the initial fall in blood pressure. 

DISCUSSION 

In group one, see Fig. 2, the butynyl derivatives of 
a series of diquaternarized tetrahydroisoquinolincs 
were relatively weak hypotensive agents. However 
the saturated prop 5 -l derivative N-(3-dinicthyI- 
aminopropyl) - 1,2,3,4 - tctrahydroisoquiiioline di- 
methobromide (JB-621, IN-243 Irwin, Neisler and 
Co.) was very active, having a mean duration of 
action of one hundred and two minutes. The 
tetrahydroisoquinoline derivative containing an 
acetylenic branch in the side chain (JB-5037), ap- 
peared to be one of the most active compounds in- 
vestigated. WGthin group one, acetylenic deriva- 
tives, replacement of the terminal alkyl substituted 
ammonium nitrogen (JB-GlO) with a heterocyclic 
structure such as piperidino (JB-620) or pyrrolidino 
(JB-618) increased the depressor effect but decreased 
the duration of action of equal doses. Increasing 
chain length from four earbons (JB-610) to five c.v- 
bons (JB-679) increased the hypotensive activity 
four times. It should be noted here that 7.5 nig / 
Kg. of JB-679 was selected as the rat-evaluating dose 
although 10 mg./Kg. more closely produced the SO 
per cent drops in mean pressure. However four out 
of six animals died at this dose level (10 mg./Kg.) 

In group two, see Fig, 3, similar structure-activity 
relationships were observed. Replacement of tcr- 


RESULTS 


Hypotensive Activities in Normotensive Rats. — 
The hypotensive activity of the experimental com- 
pounds in rats is summarized in Table I. The com- 
pounds were evaluated on the basis of the duration 
of action of the respective effective doses and not on 
a dose-dose relationship. The rating used was as 
follows: -k, (relatively poor hypotensive activity), 
0-40 minutes duration; -f--f-, (good hypotensive 
activity), 41-80 minutes; + + +, (very good hy- 
potensive activity), 81-120 minutes; -i- -f -f- -k, (ex- 
cellent hypotensive activity), 121 + minutes. 

All the experimental compounds showed some 
degree of hypotensive activity. The most active 
compounds were JB-5037, l-(l,2,3,4-tetrahydroiso- 

quinolino) - 5 - dimethylamino -3 -hydro.xy -3 -ethinyl 
pentane dimethobromide, JB-G21, N-(3-dimetbyl- 
aminopropvl) - 1,2,3, 4 - tetrahydroisoquinoline di- 
methobromide, and JB-679, l-(l,2,3,4-tetrahydroiso- 

quinoIino)-5-dimethylamino-2-pentynedimethiodide. 

The remaining experimental compounds were rela- 
tively mild hypotensive agents in comparison to the 
control compounds investigated. _ 

Hvootensive Activity in Normotensive Dogs. — 
Compounds JB-604, JB-605, JB-610. JB-6I1, JB- 
621, JB-6.33, JB-637, JB-638, JB-6/9. and JB-o03/ 




+ IxR 


2 Br' 


COMPOUND R ^ 

JB-610 -CHj-CSC-CHj- n(cH,)3 


JB-619 

-CHj-CSC-CHj-NfCjHj)^ 

JB-618 

- ch ^- c = c ~ ch ^- n ( I 


CHj 

JB-620 

-CHj-CSC-CHj-X / 
cih; — ^ 

JB-679 

-CHj-C£C-CH2-CH2-n(cH3) 


JB-5037 


OH 

esCH 


+ 

N 



Fig. 2. — Structures of group one. 
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Table I. — Tuc Evaluation or Tctraiiydroisoouinoline and Tetrahydroquinoline Derivatives on 
THE Blood Pressure of Nokmotensive Rats 


Mean Time to Return 


Compound 

Do^c. 

No of 

Mean % Drop 

to Predruc Le\els 


JB 

niR /Kr 

Animals 

^Iin 

S D 

Mm 

± S 

D 


Activity 

610 

20 0 

4 

62 6 

±22 

3 

52 0 

± 

35 

7 

++ 

618 

5 0 

4 

44 3 

± 8 

7 

17 2 

± 

10 

5 

4" 

619 

5 0 

4 

49 9 

± 12 

1 

13 0 

± 

6 

7 

4“ 

620 

6 0 

5 

40 4 

± 10 

0 

5 1 

± 

2 

3 


679 

7 5 

6 

34 7 

± 7 

1 

210 6 

± 110 

1 

++++ 

6037 

5 0 

12 

43 7 

± 9 

27 

139 4 

± 

65 

9 

4'4"i'+ 

604 

20 0 

4 

47 4 

± 19 

1 

40 6 

± 

24 

0 

+ + 

605 

20 0 

4 

48 4 

± 6 

2 

63 0 

± 

2 

1 

++ 

636 

10 0 

5 

51 5 

± 11 

9 

7 0 

± 

3 

8 

-f 

637 

10 0 

5 

50 4 

± 3 

5 

70 2 

± 

24 

5 

++ 

638 

25 0 

4 

48 5 

± 1 

9 

54 5 

± 

21 

7 

++ 

617 

5 0 

4 

42 3 

± 8 

8 

27 5 

± 

9 

9 

+ 

611 

5 0 

4 

38 4 

± 6 

9 

13 1 

± 

9 

7 

+ 

629 

10 0 

4 

48 5 

± 8 

2 

45 25 ± 

13 

3 

++ 

633 

10 0 

8 

44 9 

± S 

6 

10 6 

± 

7 

1 

+ 

621 

5 0 

10 

57 08 rfc 15 

85 

102 66 ± 

46 

6 

+++ 

655 

10 0 

4 

38 2 

± 4 

4 

3 9 

± 

1 

2 

+ 

Pentolinium 

1 0 

11 

48 7 

± 18 

6 

118 5 

± 

40 

3 

+++ 

Chlorisoiidamine 

0 5 

14 

44 6 

± 13 

8 

141 2 

± 

51 

6 

++++ 


Table II — The Effects of Certain 
Hypotensive Agents on the Blood 
Pressure of Normotensive Dogs 


Com- 

pound 

Dose, 

Mean Drop 
m Blood 

Time to Return 
to Original 

JB 

mg /Kg 

Pressure, % 

Levels, min 

604 

10 

71 6 

78 

605 

10 

79 4 

113 

605 

20 

49 2 

390 

610 

10 

47 3 

7584- 

610 

5 

64 0 

207 

633 

5 

31 4 

28 

633 

30 

71 7 

198 (died) 

637 

5 

37 9 

169 

637 

10 

39 0 

121 

638 

10 

SO 6 

188 

638 

15 

36 8 

206 

621 

5 

46 0 

327 

621 

2 6 

48 0 

170 

621 

0 75 

21 0 

80 

5037 

10 

28 0 

463 

6037 

5 

27 0 

670 

5037 

2 5 

24 0 

420 

5037 

2 5 

46 0 

247 


imal methyl groups (JB-604) with ethyl groups (JB- 
36) increased the hypotensive depressor effect but 
ecreased the duration of action from respective 
OSes The position of the extra nitrogen forming a 
ydrazine analog appeared critical only when hetero- 
ychc ammonium structures were the terminal 
roup In this case increased activity was observed 
dien one of the hydrazine nitrogens was linked to 
lie terminal ammonium nitrogen (JB-637) rather 
lian the tetrahydroisoqumoline nitrogen (JB-638) 
0 group three (Fig 4), tetrahydroquinoline deriva- 
ii’es, increased duration of hypotensive activity 
esulted when the alkvl substituted terminal am- 
nonium nitrogen was replaced with a pyrrolidine 
adical Depressor responses to equal doses re- 
uained unchanged 

Among the compounds in groups two and three. 
fB C04, the tetrahydroisoqumoline isomer of JB- 
>11. required a larger dose to produce a 50% drop in 
ilood pressure but at the same tune induced a longer 


Nv 


/R 

CHa 


2 I 


COMPOUND 

JB-604 

J8-636 


n 

-NH jcH^jg-NlcHgja 
-NH [chJj-N (cgHj). 


CH, 


JB-605 

-(cHgjg-NH' 

-n|ch 

JB-637 

-[cHzja-NH- 

> ‘ 

chT" 

JB-638 

-NH IcH^2~ 

+/ 



CHT" 

JB-617 

-(cHgjg-NH 

+/“ 


Fig 3 — Structures of group two. 


duration of action JB-633 and JB-636, also struc- 
tural isomers, were qualitatively the same JB-629 
and JB-638, the remaining structural isomers, ap- 
peared similar in activity excepting that JB-629 
was more active on a dose-dose basis 
JB-655 (Fig 5), the only tetrahydroisoquinoline 
carboxylate dimethobromide of the series was also 
the least active compound JB-621 (IN-243) (Fig. 
6) which contains a saturated side chain and an alki 1 
substituted terminal ammonium nitrogen was one of 
the most actix’e compounds investigated 
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COMPOUND 


JB-6II 


JB-633 


JB-629 


■CHj-CHj 


-n{ch,)3 


-N-CHj-CHj 


-vQ 


Fig 4. — Structures of group three 


o 

C-O-CHi-CHj-N-CH, 

A U 


+ N-CHj 

Ah, 


JB-655 

Fig. 5 — Structure of Compound JB-655. 



« r I > 


-N-CHi-CHj -N (CjHsjz 
CH, 


JB-621 IN-243 

Fig 6 — Structure of Compound JB-621. 

SUMMARY 

1 The hypotensive activity of a series of 
tetrahydroisoquinoline and tetrahydroquiiioline 
derivatives was investigated and evaluated 

2 The 2-butynyl derivatives of tetrahv- 
droisoquinoline were relatively weak hj'poterisne 
agents as were the diquaternarized hydrazine 
analogs. 

3 JB - 679, 1 - (1,2, 3,4 - tetrahydroiso- 
quinoHno) - 5 - dimethylamino - 2 - pentync 
dimethiodide, JB - 5037, 1 - (1,2, 3,4 - tetraliy- 
droisoquinolino) - 5 - dimethydamino - 3 - hy- 
droxy-3-ethinyl pentane dirnethobromide, and 
JB - 621, N - (3 - dimethylamino - propjD- 
1,2,3, 4 - tetrahydroisoquinoline dirnethobromide 
were the most active compounds in the current 
series. 
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The Alkaloids of Argemone niunita subsp. rotundata* 


By LEMONT B. KIERf and TAITO O. SOINE 


Continuing studies in these laboratories with respect to the alkaloidal content ot 
Argemone species have led the authors to examine Argemone munita subsp. rotundata 
obtained from the vicinity of Nephi, Utah. The usual isolation techniques have 
led to a crystalline base (m. p. 245-245.5°), provisionally named rotundine, as the 
principal alkaloid in the overground portions of the plant. Other alkaloids in the 
plant material are present in minute amounts and have not been obtained in sufficient 
quantity for detailed study. Analysis of rotundine established the formula, 
CitHiiNO,, which has been expanded further by functional group analysis to CisHio- 
(0CH3)!-(0H);(NCH3). Methylation of the phenolic base with _ diazomethane 
yielded a base, identical with argemonine, a base previously isolated 

from Argemone hhpida. Pharmacologic examination of the new base revealed a 
slight to moderate inhibition of motor activity as the principal action combined 

with a low toxicity. 


A RGEMONE MUNITA Dur. and Hilg. subsp. ro- 
tundata (Rydb.) G. B. Ownb. is a perennial 
found growing along roads, washes, and denuded 
land and is regarded as a pioneer species. It has 
been known by a number of other names includ- 
ing A. rotundata Rybd., A . hispida Torrey, and >4. 
Mcxicana Torrey. Henceforth in this paper, the 
plant will be referred to as A. munita subsp. 
rotundata. It is found in Utah, Nevada, and 
southern California. The plant itself has a stout 
stem which is densely and strongly bristled. The 
•_cauline leaves are bristly, especially on the veins 
and margins and they are usually round-lobed. 
The calyx also is bristly with erect or slightly 
spreading horns. The petals are white and 
fully 4-6 cm. long. The pod is ovate to narrowly 
elliptical and very bristly. 

A search of the literature reveals that A . munita 
subsp. rotundata has not been examined for its 
alkaloidal content under any of its botanical 
names. A few other species have been studied, 
namely A. Mexicana (1-6), A. alba (7), A plaiy- 
ccras (8) and, A. hispida G. (9, 10). The first 
three species named have contained alkaloids, 
principally of the cryptopine, berberine, and san- 
guinarine types. The bases in A. hispida G., 
however on the basis of a preliminary study (10), 
do not appear to conform to these types. 
According to Ownbey (1 1), it is definitely possible 
that A. munita subsp. rotundata is the same species 
that was orginally investigated by Soine and 
Gisvold (9) as A. hispida G. The true species, 
■A. hispida G., is said to be found in a narrow belt 
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running down the eastern side of the Rocky 
Mountains from southeastern Montana, through 
Colorado, to northern Arizona whereas the species 
investigated by Soine and Gisvold was collected 
in the vicinity of Reno, Nevada, where only A. 
munita subsp. rotundata is found. It would ap- 
pear, therefore, that it was impossible for A. his- 
pida G. to have been the subject of their inves- 
tigation and that they actually studied A. munita 
subsp. rotundata. Unfortunately, for lack of suf- 
ficient material, the authors were unable to study 
the Nevada-grown A. munita subsp. rotundata to 
prove or disprove this fact. Specimens of the 
Nevada plant, however, have been compared with 
Utah-grown A . munita subsp. rotundata and found 
to be morphologically identical. Inasmuch as 
a plentiful supply of the Utah-grown plant was 
available, it was chosen as the material for further 
study. 

The results of this investigation have indicated 
a difference in the alkaloids found as against those 
previously isolated from A. hispida G. The 
alkaloids found earlier were nonphenolic arge- 
monine (C^iHisNO,) and mono-phenolic norarge- 
monine (CmHsoNO,) , the latter being convertible 
to the former with diazomethane. The principal 
new alkaloid, provisionally named rotundine (Cis- 
HjiNO^), isolated in the present study, was di- 
phenolic and, while different from the preceding, 
also was closely related because it could be 
methylated to yield argemonine. Therefore, one 
can assume with assurance that the basic alka- 
loidal nucleus is the same and it is probable that 
the originally studied A. hispida G. was, indeed 
A. munita subsp. rotundata with the alkaloidal 
differences being accounted for bj' soil and cli- 
matic differences.^ 

Isolation of the alkaloids from A. vmnila 


, \ A Cl:- j ^ examined a sample of 

true A. Aijpida G. collected in Colorado and have been able 
argemonine and norargemonine as «ell as to 
note the presence of other unidentified alkaloids. 
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subsp. rotinidata was carried out by the usual 
method of extracting the dried and powdered over- 
ground portions of the plant material with 
alcohol,- followed by removal of the solvent and 
transfer of the alkaloidal bases to a dilute hydro- 
chloric acid solution. This solution of alkaloidal 
h3'drochlorides was then alkalinized with sodium 
carbonate and extracted with an immiscible sol- 
vent to obtain a crude total alkaloidal fraction. 
These were placed into an acidic solution again 
and separated into phenolic and nonphenolic 
fractions b)’ making use of sodium hydroxide as 
the alkalinizing agent to hold the phenolic bases 
in the aqueous phase as phenolates while the non- 
phenolic bases were extracted with an immiscible 
solvent. The phenolic bases were finally obtained 
from the alkaline solution by carbonation or bj' 
reacidification and sodium carbonate alkaliniza- 
tion followed bj’ immiscible solvent extraction. 
Attempted purification of the nonphenolic frac- 
tion by recrj’stallization and chromatography in- 
dicated the presence of at least two components 
but the amounts were so small that further work 
on this fraction was discontinued. Insofar as we 
were able to determine, argemonine did not ap- 
pear to be present in the nonphenolic fraction. 
The phenolic fraction appeared to represent the 
bulk of the alkaloids present in the plant. This 
fraction was repeatedly recrvstallized and ap- 
peared to be composed of a single entity, provision- 
ally named rotiutdiite. The homogeneitj' of roltm- 
dine was established bj- paper chromatography. 
Elemental analysis indicated the presence of car- 
bon, hvdrogen, nitrogen, and oxygen. Func- 
tional group anal3’sis indicated the presence of two 
methox3d groups, one N-methvl group, and two 
active h3"drogens. The presence of two active 
h3’drogens combined with the phenolic character 
of the base suggested two phenolic groups. From 
the elemental anal3-sis and molecular weight de- 
termination, the molecular formula, C19H21NOJ, 
was assigned. This was extended to CnHio- 
(0CH3)2(0H)2(NCH3) by the functional group 
analvsis. Optical rotation studies showed that 
rotundine was strongly levorotatory. Infrared 
spectra showed strong absorption in the hydroxvd 
region, confirming the phenolic character, but no 
absorption was observed in the carbon3-l region 
(see Fig. 1). Meth3-lation of rotundine with 
diazomethane produced a dimcthvl ether with 
alkaloidal character analvzing for the formula, 
C-iH-sXOj. This dimethvl ether was found to be 
identical with argemonine, previously isolated 
from A. hiipida G. (9. 10), by comparison of de- 

. In this paptr "alcohol" «ill be t.akcn to mean alcohol 

U.S P. XV. 


rivatives as well as by comparison of the infrared 
spectra of the methiodides (see Fig. 2). Soinc and 
Schemierhorn (10) had previouslr- reported that 
norargemonine, when meth3'lated, gave arge- 
monine and, therefore, the relationship between 
these three alkaloids was established. Confirma- 
tion of this was found in the similar ultraviolet 
spectra of the three compounds (see Fig. 3), all 
apparentl3' containing the same chromoplmre. 
A future communication will deal with structural 
studies that have been carried out on the three 
alkaloids. 



4,000 cm-' 2,000 l.-SOO 1,000 I'Ol) 

Fig. 1. — Rotundine; phase, potassium bromide. 



4.000 cm -I 2.000 l,r>00 1,000 COO 

Fig. 2. — Dimethylrotundine niethiodiclc; plia^c, 
potassium bromide. 



2.30 2.j0 270 2110 

Fig. 3 . — Wavelength in mp. 


EXPERIMENTAL 

Plant Material. — The above-ground iiortioas 
the plant were collected in the late summer of 
and 195G near Xephi, Utah, b 3 ’ Professor nertrawl 
F. Harrison of the Botanr- Dcpartnieiit of lirigha'" 
Young University at Provo, Utah. The plants 
were identified as At^enionc munila suhsp. rotiindnln 
by Prof. Gerald B. Ownhey, University of Minne- 
sota, and a voucher specimen w.as deposited in the 
University of Minne.sota lierhariimi. The pl.uu 
material was air-dried and, finrdly, ground to a 20- 
mesh fineness for e.vtraction. Preliminary fiuah*-* 
live tests for the presence of alkaloids were posilue 
Extraction. — Seven kilograms of pondered pl.inl 
material was macerated for one- hour nilh alcoliol. 
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placed ill a Lloyd extractor, and continuous!}' ex- 
tracted for ninety hours. The marc showed the 
absence of alkaloidal bases when tested qualita- 
tively. The alcoholic extract was concentrated 
in vactio to remove ns much alcohol as possible. 
Water was added periodically to the extract to 
replace the alcohol that was removed and this 
process was continued until the alcohol was com- 
pletely removed. The aqueous mixture was acidi- 
fied sufficiently to make it approximately 5% with 
respect to hydrochloric acid. The acidic solution 
was removed from the dark .sludge, which was 
worked up several times with additional portions 
of 5% hydrochloric acid until the sludge was free of 
alkaloid. All of the acidic extractions were com- 
bined and rendered alkaline with saturated sodium 
carbonate solution. The liberated bases were com- 
pletely extracted from the aqueous solution by ex- 
traction in a separator}’ funnel with many portions 
of ether. The combined ethereal extracts were con- 
centrated to a convenient volume and then ex- 
tracted with 6% hydrochloric acid to obtain an 
acidic solution of the alkaloidal bases. This acidic 
solution was then rendered strongl}' alkaline by the 
use of a 25% sodium hydroxide solution and ex- 
tracted completely with ether until the ethereal 
extracts showed no test for alkaloids although the 
alkaline aqueous phase gave a strong alkaloidal 
test. The ethereal extracts were combined, washed, 
and dried for further examination of the nonphenolic 
alkaloids. The strongly alkaline solution remaining 
in the separatory funnel was then converted to a 
mildly alkaline solution by carbonation througli tlie 
■addition of excess solid carbon dioxide, a process 
which released the phenolic alkaloids as free bases. 
These were extracted either with ether or di- 
chloromethane, the latter being preferable, until 
the aqueous phase failed to show an alkaloidal test. 
The solution of phenolic bases in the immiscible 
solvent was then washed with water and dried over 
anhydrous sodium sulfate. 

Nonphenolic Fraction. — The ethereal solution of 
nonphenolic bases was distilled under reduced pres- 
sure to yield 1.2 Gm. of a dark brown residue, cor- 
responding to a yield of 0.015% based on the dry 
weight of the crude plant material. The crude 
alkaloidal residue was very soluble in dilute acid, 
acetone, and methanol but insoluble in dilute base, 
water, benzene, and petroleum ether. Attempts 
to crystallize the crude material were unsuccessful. 
The material (600 mg.) was then chromatographed 
on an alumina column (18 Gm.) and eluted with 
benzene-ether mixtures (from 3:1 to 1:3), and 
finally with pure ether. As a result of the chroma- 
tographic procedure, an almost colorless residue was 
obtained giving a strong alkaloidal test and weigh- 
ing 220 mg. The dark brown color remained on the 
column and apparently was nonalkaloidal because, 
.when washed off with methanol, it failed to give an 
' alkaloidal test. A small portion of the alkaloidal 
^ residue from the eluted fraction was dissolved in 
alcohol and treated with an excess of methyl iodide 
but failed to yield a methiodide even on refrigera- 
tion.* 


.This behavior diilers markedly from that of argeraonine, 
which readily forms a methiodide in alcoholic solution even 
m the presence of other contaminating bases. For this 
reason, it might be suspected that argeraonine is absent from 
Uns fraction. 
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Another small portion of this material was 
treated with a drop of concentrated sulfuric acid and 
found to give a lavender-colored solution which 
quickly turned to orange. The remainder (200 
mg.) of the alkaloidal fraction was rechroraato- 
graphed on aluminum oxide (6 Gm.) with chloro- 
form as the eluant. Two fractions were obtained, 
the first consisting of approximately 60 mg. and 
the latter of about 100 mg. Although the first 
fraction was able to be recrystallized from Skelly B, 
the amount of material became vanishingly small 
and the best melting point recorded was 125-134°. 
The second fraction was in the form of a pink amor- 
phous powder which resisted recrystallization and 
failed to give a methiodide from an alcoholic solution. 
Because of the small amounts of material in the 
nonphenolic fraction, the work on this material was 
discontinued. 

Phenolic Fraction. — ^The ether (or dichloro- 
methane) solution of the phenolic alkaloids was 
concentrated under reduced pressure to yield a 
yellowish-white semicrystalHne residue represent- 
ing 0.067% of the crude plant material taken. A 
portion of this residue was seemingly quite soluble 
in alcohol whereas a crystalline white residue re- 
mained which was considerably more resistant to 
solution in alcohol. Although a portion of the 
residue went into solution with alcohol, the majority 
of the phenolic fraction was in the difficultly soluble 
residue and it was later found that even the material 
that went into alcohol so readily was largely of the 
less soluble type when freed of contaminate. We 
have not been able to find another alkaloid in this 
fraction although the conventional techniques of 
crystallization and chromatography have been em- 
ployed, The best solvent for recrystallization of 
the white, crystalline residue was found to be 
methanol with repeated recrystallizations yielding 
glistening, white leaflets, m. p. 245-245.6°.'' 

The crystalline material is soluble in dilute acid, 
dilute sodium hydroxide, difficultly soluble in metha- 
nol. ethanol, and chloroform and insoluble in acetone, 
water, and dilute sodium carbonate solution. The 
ascending paper chromatographic technique of 
Levine and Fischbach (13), as modified for slow 
moving alkaloids, was used to determine if more 
than one alkaloid were present. Repeated e.x- 
periments showed only one alkaloid with an R/ 
value of 0.29. The alkaloid appears to be a new 
one and has provisionally been named “rotundine" 
after the subspecies of the plant. 

Rotundine.— -A highly purified sample of rotundine 
was dried in vacuo at 100° in an Abderhalden drying 
pistol employing phosphorus pentoxide as a desic- 
cant for tiiree hours. The sample lost no weight so 
it was assumed that solvent of crystallization was 
probably absent. The specific rotation of rotundine 
was found to be [«]” = —265.8° (c = 0.158) in 
methanol. 

AnalJ' — Calcd. for CicHio(OCH 3 ) 2 (OH)»(NCHj): 
C, 69.73; H, 6.59; N, 4.28; — OCH,, 18.96; — NCHj, 
4.59; Active H, 0.61 (Zerewitinoff). Found: C, 


« All melting points were determined with the Kofler 
apparatus. 

‘The analyses in this work were performed by Clark 
Microanalytical Laboratones at Urbana, 111 Weiler and 
Strauss MiCToanalytical Laboratory at Oxfoid, England 
Md the MiCToanalyUcal Laboratory in the Chemistry 
Deoartment, University of .Minnesota. ^ 
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70.02; H, 6.31; N, 4.30; —OCH,, 19.22; — XCHj, 
3.31 ; Actire H, 0.55. 

For the above formula, the calculated molecular 
iveight was 327. An ebullioscopic molecular weight 
determination using methanol as the solvent showed 
an experimental value of 323. The use of ethyl 
methyl ketone as a solvent gave a value of 497, 
indieating the po.ssiblc combination of the solvent 
into a molecular complex ivith the alkaloid [hemi- 
ketal(.?)j. 

An alcoholic solution of rotundine imparted an 
emerald green eolor when treated with a few drops 
of 5% ferric chloride solution. 

Mefhylation of Rotundine. — ^Rotundine (0.2 Gm.) 
was dissolved in approximately 25 ml. of absolute 
methanol and to this was added a fivefold molar 
e.xcess of diazomethane in ether maintaining a 
detemperature of not over 5° in the reaction mixture. 
The solution was allowed to stand at this tem- 
perature for tu'o Iiours and then allowed to come 
to room temperature slowly. The excess diazo- 
methane and ether were removed with gentle heat 
and the methanol was removed under an air stream. 
The amorphous residue was then dissolved in 25 
ml. of 5% hydrochloric acid and the acidic solution 
made strongly alkaline with 25% sodium hj-droxide 
solution. The alkaline solution was then thoroughly 
extracted with ether to remove the nonphenolic 
base. The ether extracts were dried over anhydrous 
sodium sulfate and the ether removed by gentle 
heating. The residue was recrystallized from a di- 
lute alcoholic solution to finally give prismatic 
crystals, m. p. 130-135° (with effervescence) 
(capillary) The crystals were pulverized in a 
mortar and then dried for four hours at 100° in an 
Abderhalden drying pistol charged with phosphorus 
pentoxide. The dried alkaloidal base melted sharply 
at 151-151.5° (capillary) and a mi.xed melting point 
determination with an authentic sample of ar- 
gemonine failed to depress the melting point. 

The methylated rotundine (0.1 Gm.) was con- 
verted to the picrate in the usual manner and re- 
crystallized several times from boiling water, in. p. 
241-242° (capillary). A mixed melting point in a 
capillary with an authentic sample of argemonine 
picrate (9) failed to depress the melting point. 

Methylated rotundine (0.1 Gm.) was also con- 
verted to the styphnate in the usual manner and 
recrystallized several times from boiling water, 
m. p. 247-248° (capillary). A mixed melting point 
with authentic argemonine styphnate failed to 
depress the melting point. 

Methylated rotundine (0.22 Gm.) was dissolved 
in 5 ml. of alcohol and treated with 2 ml. of metlnd 
iodide. A crystalline deposit of the methiodide 
formed within a few minutes. This was removed 
by filtration and recrystallized from alcohol several 
times, ra. p. 273-274° (dccompn.). A mixed melt- 


ing point rvith authentic argemonine mctliiodidc 
failed to depress the melting point. The iurnirid 
spectra of the two metliiodides was also coinp,v«i 
(see Fig. 2) and found to be identical in all respect!; 

Ultraviolet. — Highb' purified samples of rotundine, 
argemonine, and norargemonine (9) were dissolved 
in alcohol and suitable dilutions made in order that 
their characteristic absorption curves in llie ul- 
traviolet range could be ascertained. Both tlit 
conventional Beckman DU instrument and the auto- 
matically recording Carj^ instrument were utilized, 
both giving v'irtuallj' identical curves. All three ol 
the alkaloids showed a minimum at 250 nui 
and the maxima were found to be 288, 287, and 
287 mu, respectively, for rotundine, norargemonine, 
and argemonine (see Fig. 3). The curves were es- 
sentially identical although argemonine showed well- 
defined shoulders at 280.2 and 291.2 mju. 

Pharmacological Testing.® — The predominant ef- 
fect in mice is a slight to moderate decrease in motor 
activity with an oral dose of 500 mg./Kg. On 
the same mice, death occurred with an oral dose 
of 2,000 mg./Kg., but even at these large doses 
no significant biological activit 5 ^ was observed. 
No change in mean arterial blood pressure of the 
anesthetized cat was observed after acute intra- 
venous doses of 20 mg./Kg. or 39 mg./Kg. cinnulative 
doses. No changes in the autonomic nervous sys- 
tem were observed. In general, even with the weak 
central nervous system depressant effect observed 
in mice, the action of the alkaloid was considered to 
be so slight that its value as a possible therapeutic 
agent was considered very unlikely'. 
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Preparation and Properties of New Gastric Antacids I* 

Aluminum Hydroxide-Magnesium Carbonate Dried Gels 


By STEWART M. BEEKMAN 

The preparation and properties of two new, highly reactive aluminum hydroxide- 
magnesium carbonate dried gels (AHMC) are described. The rate of reaction with 
gastric acid is shown to be rapid as well as prolonged in the optimum pH range of 
3 to 5. Three methods were used to determine reaction rate including the Reheis and 
Mutch reaction velocity tests as well as a modified procedure of Holbert, Noble, and 
Grote. An automated apparatus for antacid evaluation is described. Data on thirteen 
antacid chemicals as well as thirty of the most widely used antacids in liquid and 
tablet form are presented. The in vitro antacid properties of AHMC dried gels 
compares favorably with reactive liquid aluminum hydroxide gel. The aging 
characteristics are shown to be excellent. 


'iNCE ITS INTRODUCTION into therapeutics in 
' 1934 by Einsel, Adams, and Myers (1), 
datinous liquid aluminum hydroxide gel, alone 
• in effective combination with other antacids 
ich as magnesium hydroxide or magnesium 
isilicate, has become the antacid of choice for 
le medical management of peptic ulcer and 
istric hyperacidity. The literature is replete 
■ith reports of its successful use in the clinical 
■eatment of these disorders (2-18). In vitro 
ntacid evaluation tests carried out by many in- 
estigators (19-20) have shown that liquid 
luminum hydroxide gel of proved clinical ef- 
ictiveness yields both prompt and prolonged 
ctivity in the optimum pH range of 3 to 5. 
t also maintains this activity during a long 
helflife. 

In contrast with the ideal behavior of the 
iquid product, dried aluminum hydroxide has 
leen shown (24, 27) to be slow in reacting with 
Rstric strength acid, markedly inhibited in that 
iction by pepsin, and to exhibit a diminution in 
eaction rate on aging. 

This paper and others to follow will present 
n vitro antacid evaluation data on several new 
iluminum hydroxide gels in dry form which 
mmpare favorably in their antacid action with 
iquid aluminum hydroxide gel. The new dried 
'els have been designed to exhibit (a) prompt- 
less of reaction with gastric strength acid, (b) 
prolonged reactivity in the pH range of 3 to 5 
n the presence of pepsin, (c) minimum loss of 
eactivity on aging, and (ri) to be made generally 
ivailable at moderate cost. The variety of 
iried gels to be made available will enable the 
pharmaceutical manufacturer to select a product 
which best meets his requirement. 


I September 2, IS.Sa, from the Research I.abora- 

[orv, Reheis Co , Inc., Berkeley Heights, N J 
1 resented to the Scientific Section , A Pn A. Cincinnati 
meeting, August 1959. 


This paper will describe two new aluminum 
hydroxide-magnesium carbonate dried gels 
(AHMC) which are designated as type F-MAll 
and type F-MA12. They differ only in the 
mole ratio of alumina to magnesia present which 
is 2:1 and 1.25: 1, respectively. When a highly 
reactive and stable aluminum hydroxide gel is 
intimately blended with a freshly prepared, low 
temperature, magnesium carbonate gel and the 
whole carefully reduced to dry form as by spray 
drying, the resulting white, free flowing, dense, 
tasteless powder is found to rehydrate readily 
and react rapidly with gastric strength add 
containing pepsin. 

EXPERIMENTAL 

The average composition and physical properties 
of the two new AHMC dried gels are shown in 
Table I. 


Table I. — Analyses of Typical Samples of 
AHMC Dried Gel 



F-MAll 

F-MA12 

Aluminum oxide (AFOs) 

42 0% 

37.1% 

Magnesium oxide (MgO) 

8 3% 

11.7% 

Carbonated (CO.) 

20 0% 

16.2% 

pH 4% aqueous suspension 

9 2 

9.1 

Acid consuming capacity, 
(ml. 0.1 AHClperGm.) 

287 

286 

A 1 . 03 :MgO Mole Ratio 

2:1 

1.25:1 

Apparent density (cc./Gm.) 

0.44 

0.2 or 0.4“ 


® Depending on method of drying. 


X-ray Diffraction Studies. — X-ray diffraction 
studies were made using the Debye-Scherrer powder 
technique with thin-wall glass capillaries 0.30 
mm. O. D. and 0.25 mm. 1. D. The exposures 
were made for two hours at 35 mv. and 20 ma. on 
the X-ray tube. Exposures were made of aluminum 
hydroxide dried gel, magnesium carbonate gel 
dried, the new AHMC dried gels, and a dry blend of 
aluminum hydroxide dried gel with magnesium car- 
bonate powder. Aluminum hydroxide dried gel and 
•AHMC dried gels gave no pattern, indicating that 
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they arc essentially, if not ivholly, amorphous. The 
dry blend gave a faint pattern with lines correspond- 
ing to magnesium carbonate. The dry magnesium 
carbonate gave a very distinct pattern. 

Infrared Spectra. — Rock salt infrared spectra 
(2 to 15 n) were made on samples of AHMC dried 
gel as well as each component dried separately. 
Xujol as well as he.xachlorobutadiene (HCBD) mulls 
were made. A careful examination of the absorp- 
tion bands of the two components showed that 
they were present in the absorption speetra of 
-AHMC with no new bands present in the latter. It 
was concluded that AHMC dried gels are simple mix- 
tures and not new compounds. The infrared spec- 
trum of magnesium carbonate showed that the ma- 
terial ehemically is intermediate between MgCOj 
and 3 MgC0.rMg(0H)y3H20. 

Antacid Activity. — Four principal in vitro meth- 
ods are used to evaluate antacids in our labora- 
tories as follows; (a) acid consuming capacity, 
(5) Reheis reaction velocity test, (c) Mutch reaction 
velocity’ test, and (_d) procedure of Holbert, Noble, 
and Grote modified. 

Acid Consuming Capacity. —This measures the 
volume of O.HV HCl with which 1 Gm. of sample 
may react at 37.5° for one hour with an e.xcess of acid 
present. The excess acid is back titrated to the 
Toepfers reagent end point (pH 3.5). Since this 
test does not show rate of change and since it em- 
ploys an excess of acid throughout, it has been classi- 
fied as generally unsatisfactory (21, 28-30). Values 
obtained for various antacid chemicals are shown in 
Table II. 


Table II. — Acid Consuming Capacity of Various 
Antacids 


ml. o.i .V 
HCI/Gm. 


Sample Sample 

AHMC type F-MAll 287 

AHMC t 3 -pe F-MA12 286 

Aluminum dihydrox^’ aminoacetate 175 

Aluminum dihydroxj' sodium carbonate 267 

Sodium poh'h}'drox}- aluminum monocar- 
bonate hexitol complex 27.5 

Aluminum hydroxide dried gel 267 

Sodium bicarbonate 120 

Magnesium carbonate 220 

Calcium carbonate 210 

Magnesium trisilicate 11.5 

Magnesium oxide 495 


Reheis Reaction Vclochy Test. — This test has been 
used b\' the author in our laboratories for eighteen 
years as a relative!}- quick method of assessing reac- 
tion rates of alumina gels. The weight of sample 
containing the equivalent of 0.5 Gm. .AbOj is added 
to 100 ml. O.liV HCl at 37.5° and the whole shaken 
until the pH rises to about 3.5 (Toepfers reagent). 
The time is noted and is that required for the sample 
to react with 34% of the theoretical amount of acid. 

A highly reactive alumina gel gives values of ten to 
twenty seconds. -A newly prepared sample of spray 
dried gel may react in one hundred and twenty sec- 
onds and two hundred and forty seconds after three 
months storage at room temperature. After four 
years of storage the time may increase to six hundred 
and sixty seconds. By contrast, samples of .AHMC 
yield values of twenty seconds when new and similar 


values after two years aging at room temperature. 
Typical values for various aluminum-containiiiganl- 

acids are shown in Table III. 


Table HI. — Reheis Reaction Velocity Vaives 
FOR A'^arious Aluminum Antacids 


Sample .Stconji 

Aluminum hydroxide gel U. S. P. 1,5 

Aluminum hydroxide dried gel U. S. P. 240 

AHMC tvpe F-MAll 22 

AHMC type F-MA12 20 

Sodium pol}-hydrox}' aluminum monocar- 
bonate hexitol complex 35 

Aluminum dihydroxy aminoacetate 29 

Aluminum dihydroxy sodium carbonate 15 

Aluminum hydroxide dried gel U. S. P.- 
magnesium carbonate U. S. P. dry blend 
(4:1) 247 


Mutch Reaction Velocty Test. — This test which 
was described by Mutch (31) in 1946 is similartothc 
Reheis reaction velocity test described above except 
that it uses 78% of the theoretical amount of acid 
per Weight of alumina. The time is that required fnr 
the sample containing the equivalent of 0.10 Gm. 
A1(0H)3 to react with 30 ml. O.IA^ HCl at 37.5° to 
the Toepfers reagent end point. Typical values for 
various aluminum-containing chemicals arc shown in 
Table IV. 


Table IV. — Mutch Reaction Velocity Values 
FOR Various Aluminum Antacids 


Sample 

Aluminum hydro.xide gel U. S. P. 
Aiuniinum hvdroxide dried gel U. S. P. 
AHMC type' F-MAll 
AHMC type F-MA12 
Sodium polyhydroxy aluminum monocar- 
bonate hexitol complex 
Aluminum dihydro.xy aminoacetate 
Aluminum dihydroxy sodium carbonate 
Aluminum hydroxide dried gel U. S. P.- 
magnesium carbonate U. S. P. dry blend 
(4:1) 


Seconds 

40 

l.OSf) 

. 5-1 

,50 

275 

10,3 

71 ) 


1,.57() 


Procedure of Holbert, Noble, and Grote Modified. 

In 1948 Holbert, Noble, and Grote (28) published an 
in vitro method which was adapted from the carefull.v 
xvorked-out procedure of Johnson and Duncan (21). 
This made use of the concept of representing the se- 
cretion of fresh gastric juice and also continuous Ids'- 
of gastric juice-antacid mixture through the pylon's 
Holbert, et al., added a 2-Gm. dose of antacid to liri 
ml. of artificial gastric juice at 37.5° with constant 
agitation, and after ten minutes withdrew 20 ml of 
mixture and replaced it with 20 ml. of fresh artifici.d 
gastric juice. This withdrawal and replaccnient 'xas. 
carried out periodically every ten minutes until the 
pH fell below 3..5. Murphey (27) also used this 
method ivith an artificial gastric juice consisting ot_ 
2.0 Gm. pepsin N. F. per liter of pH 1.5 hydrochloric 
acid. 

We have adapted this method with the following 
changes which we feel impart a higher degree of pri 
cision and insures a greater reproducibility of 

A dose of antacid is added to the eqiiix-alenl of ■ 
ml. artificial gastric juice at .37.5 ± I ° contained m -' 
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jacketed, bafRcd, glass vessel provided witli a glass 
and reference electrode, thermocompensator, agita- 
tor, and overflow device. The artificial gastric 
juice is pH 1.5 hydrochloric acid (0.0316 N) contain- 
ing 2.0 Gm. pepsin N. F. per liter. After ten min- 
utes, additional gastric juice at 37.5 ± 1° is added 
-- continuously at the equivalent of 120 ml. per hour by 
means of a Milton Roy controlled volume “mini 
pump.” A jacketed, 3-galIon glass reservoir of arti- 
ficial gastric juice is maintained at 37.5° by means of 
an .\minco constant temperature water circulating 
bath. Excess gastrie juice-antacid mixture is al- 
lowed to flow continuously from the glass reactor at 
the equivalent of 120 ml. per hour. 

The apparatus designed for this purpose is shown 
in Figs 1 and 2. The pH is measured by means of a 
Beckman model W pH meter which is connected to a 
Weston strip chart recorder operating with a chart 
speed of six inches per hour. The pH meter indi- 
cates and records values between 2 0 and 12.0. In 
practice, the actual amounts and sizes arc four times 
those stated above to avoid crowding into a small 
container. Thus, 600 ml. of artificial gastric juice 
are added to a jacketed, 1-liter, glass vessel provided 
with an overflow tube at the 650 ml. level The agi- 
tator is a two-inch, thrce-bladed, marine type pro- 
peller which operates at exactly 400 r. p. m. Glass 
baffles prevent swirling in the reaction vessel. The 
pumping rate for artificial gastric juice is 480 ml. 



Fig- 1. — Automated apparatus for in vitro evaluation 
of antacid activity. 
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Fig. 2. — Close-up of cubicle showing details of glass 
reaction cell. 


± 24 ml per hour. The overflow is also at 480 ml. 
per hour The sample size is four times the dose size 
After addition of the sample to the glass reaction 
cell, the interval timer is started and pH values man- 
ually recorded every minute up to ten minutes, after 
which the constant addition of gastric juice is 
started With the automation provided, the ap- 
paratus needs no further attention until the run is 
completed, which is usually when the pH has gone 
below 3 0 The average run is one hundred and 
twenty minutes The reproducibility of results is 
very high. 

When evaluating dry powders, 2, 4, or 8 Gm (cor- 
responding to doses of 0 5, 1, and 2 Gm , respectively) 
are dispersed in 35 ml. of water and poured in at time 
zero. Sucking tablets are ground to 100% through 
100 mesh before dispersing in 35 ml of water Dis- 
integrating types of tablets are dropped into 35 ml. 
of water and allowed to hydrate and disintegrate be- 
fore adding Liquid antacids are added directly to 
the glass reaction cell. 

More than 800 two-hour evaluations have been 
made since late 1955 including countless samples 
which have been submitted by various pharmaceuti- 
cal manufacturers Many samples were blind sam- 
ples to insure complere objectivity Results have 
been treated on a highly confidential basis Some 
results obtained on various antacid chemicals are 
shown in Table V and plotted in Figs 3-15 Results 
obtained on the most widely used liquid commercial 
antacids are shown in Table VI, and on tablet prep- 
arations in Table VII. 

Effect of Pepsin. — To demonstrate the effect of 
pepsin in artificial gastric juice on the antacid 
activity of dried aluminum hydroxide gel U. S. P. 
as measured by the modified procedure of Holbert, 
Noble, and Grote, runs were made on 1.0- and 
2 0-Gm samples with and without pepsin. The 
data are shown in Table VIII and Fig. 16. 

Liquid aluminum hydroxide gel is not inhibited in 
this manner by pepsin. The full significance of this 
fact is not yet understood . AHMC dried gels do not 
show such inhibition by gastric pepsin. 

Effect of Age. — The antacid activity of four-year 
old samples of AHMC dried gel, aluminum di- 
hydroxy aminoacetate, and aluminum dihydroxy 
sodium carbonate was determined by the Holbert, 
Noble, and Grote method on the basis of 1-Gm, doses. 
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Table — In Vitro Evaluation of Antacid Activity or A'arious Antacid Chemicals" 
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Juminum dib>drox> aminoacetale 
Juminum dib>drox> sodium carlronate 


^dmm“^l}h>'dr°^r monocarbonate heiitol complex 

Mag^nesmm tnsilicate U ^ P 

Magnesium carbonate U b f 

Magnesium h>droxide^ 1 

Calcium carbonate U S P 

Sodium bicarbonate U b r 
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Fig 3 —Aluminum hydroxide gel U. S P Pro- pjg 6.— AHMC type F-MA12, procedure of 
cedure of Holbert, Noble, and Grote modified. Holbert, Noble, and Grote modified. 



0 20 40 60 80 100 120 


TIME IN MINUTES 

Fig 4 — Aluminum hydroxide dried gel U S P , 
procedure of Holbert, Noble, and Grote modified 



0 20 40 60 80 100 120 
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Fig 7 —Aluminum dihydroxy aminoacetate, pro- 
cedure of Holbert, Noble, and Grote modified. 



TIME IN MINUTES TIME IN MINUTES 


Pig. 5. — AHhlC type F-MAll, procedure of 
Holbert, Noble, and Grote modified. 


Fig. S. Aluminum dibydro\y sodium carbonate, 
procedure of Holbert, Noble, and Grote modified 
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Fig. 9. — Aluminum proteinate, procedure of Hol- 
bert, Noble, and Grote modified. 


Fig 12 — Magnesium carbonate U. S. P., procedure 
of Holbert, Noble, and Grote modified. 




Fig. 10. — Sodium polyhydroxy aluminum mono- 
carbonate hexitol complex, procedure of Holbert, 
Noble, and Grote modified 


Fig 13 — Magnesium hydroxide N. F., procedure of 
Holbert, Noble, and Grote modified. 




Fig. 14 —Calcium carbonate, procedure of IloHerl, 
Noble, and Grote rnorlified. 
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Table \'I — In Vitro Evaluation of Various Cojimercial Liquid Antacids" ^ 
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3 3 

3 9 

2 0 
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a Time pH at \anous dose levels procedure of Holbert Noble, and Grote modified 

& Identification of samples 

14 Aluminum hjdroxide gel U S P , brand A 

15 Aluminum hjdroxide gel U S P brand B 

16 Aluminum-’^''"'*"- '*'* 

17 Aluminum trisilicate 

18 Aluminum 

19 Magnesium v.vjv.w *» «, ^ *** ^^^droxide (322 mg ) per 5 ml 

20 Aluminum hydroxide gel with magnesium hydroxide 

21 Aluminum hydroxide gel-magnesium hydroxide-sorbitoI 

22 Bismuth aluminate cream 

23 Aluminum phosphate gel U S P 


Table VII — In Vitro Evaluation of Various Commercial Antacid Tablets" '• 
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Table VII (continued) 
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« Time lerstis pH at \arious dose le\els, procedure of Holbcrt, Noble and Grote modified 
& Identification of samples 


24 Aluminum h 3 ’droxide dried gel (C60 mg ) 

25 Aluminum hj'droxide dried gel (6G0 mg ) 

26 AHMC ti’pe F MAll (660 mg ) 

27 Aluminum dihjdroxy aminoacetate (500 mg ) 

28 Magnesium tnsilicate (500 mg ) and aluminum h>droxide (250 mg ) 

29 Alurainura-magnesium hydroxide (400 mg ) 

30 Sodium polyhydroxy aluminum monocarbonate hexitol complex (320 mg ) calculated as aluminum hydroxide dried gel 
U S P 

31 Aluminum h>droxide (048 rag ) and magnesium tnsilicate (324 mg ) 

32 Aluminum hjdroxide and magnesium tnsilicate 

33 Aluminum hydroxide-glycine (450 mg ), magnesium oxide (CO mg ), and bellafolme (0 5 mg ) 

34 Aluminum hydroxide-glycine (450 mg ) and magnesium oxide (CO mg ) 

85 Aluminum dih>drox> sodium carbonate (330 mg ) 

3C Calcium carbonate (510 mg ), magnesium carbonate (30 mg ), and magnesium tnsilicate (40 mg ) 

37 Calcium carbonate, magnesium carbonate, and magnesium tnsilicate 

38 Calcium carbonate, magnesium tnsilicate and magnesium hydroxide 

39 Calcium carbonate, magnesium carbonate, and magnesium tnsilicate 

40 Hea^y magnesium carbonate (182 mg ) light magnesium carbonate (24 mg ), calcium carbonate (441 mg ), and alum 
Inum h>droxtde (223 rag ) 

41 Regenol (100 mg ) magnesium tnsilicate (100 rag ), aluminum hydroxide dried gel (90 mg ), calcium carbonate (100 mg ). 
magnesium carbonate (100 mg ). and egraine (45 mg ) 

42 AHMC tjpe F MAll (330 mg) and actuated attapulgite (130 mg) 

43 Sodium pol> h> droxj aluminum raonocarbonate hexitol complex (320 mg ), calculated as aluminum hydroxide dried gel 
U S P , and magnesium hjdroxide (75 mg ) 


Table VIII — Effect of Pepsin on Antacid 
Activity of Dried Aluminum Hydroxide Gel 
U S P , Time versus pH 
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GO 
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4 0 

4 2 

4 2 

70 

2 8 

4 0 

4 2 

4 2 

SO 

2 7 

3 9 

4 2 

4 2 

90 

2 6 

3 9 

4 2 

4 2 

100 

2 6 

3 8 

4 2 

4 2 

110 

2 5 

3 7 

4 2 

4 1 

120 

2 4 

3 5 

4 1 

4 1 


c Indicates less than 


The results, uhich are plotted in Fig D. show that 
AHMC is somewhat more reaetive after four \tars 
storage at ambient temperatures tliaii the otiicr two 

samples _ , ^ , . . 

Comparison with Drj- Blend.-To demonstrate 
the difference in antacid properties lietwccn the 



Fig 15 — Sodium bicarbonate U. S P., procedure of 
Holbert, Noble, and Grote modified. 


new AHMC dried gels and a simple dry blend of 
aluminum hydroxide dried gel U S P and ni igne- 
sium carbonate U S P ha\ mg an .\l'Oj: MgO nioh 
ratio of 2 1, the following experiment w.i-- per- 
formed Four p irts of dried aliimimirn h>droxide 
was thoroughh blended with one part of magnesium 
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Fig. 16 — Effect of pepsin on antacid activity of 
dried aluminum hydroxide gel U. S P , procedure 
of Holbert, Noble, and Grote modified. 


carbonate, and the antacid activity of the blend was 
determined on the basis of 1 Gm. and 2 Gm The 
data are shown in Table IX and plotted in Fig. 18. 


Table IX. — Antacid Activity Comparison of 
AHMC With Aluminum Hydroxide-Magnesium 
Carbonate Dry Blend (4;1)“ 


Time, 

. AHMC . 

Aluminum Hydroxide- 
Magnesium Carbonate 
Dry Blend 
(Mole ratio — 

AhOj McO— 2.1) 

mtn 

1 Gm 

2 Gm 

1 Gm 

2 Gm 

0 

1 5 

1 5 

1 5 

1 5 

1 

4 0 

4.1 

4 5 

5 8 

2 

4.1 

4 3 

4 5 

6 4 

3 

4 2 

4 3 

4 6 

6 6 

4 

4 2 

4.4 

4 7 

6 8 

5 

4 2 

4 4 

4.7 

6 9 

10 

4 3 

4 5 

4 8 

7 2 

20 

4 3 

4 4 

3 8 

6 9 

30 

4 3 

4 4 

3 1 

6 6 

40 

4 2 

4 3 

2 8 

e 2 

50 

4 2 

4 3 

2 7 

5 7 

00 

4.2 

4 3 

2 6 

4 6 

70 

4 2 

4 3 

2 5 

3 7 

80 

4.2 

4 3 

2 4 

3 1 

90 

4.1 

4 2 

2 4 

2 7 

100 

4 1 

4 2 

2 3 

2 5 

110 

4.1 

4 2 

2 3 

2 4 

120 

4 0 

4.2 

2 3 

2 3 


Q Time pH, procedure of Holbert, Noble, and Grote 


RESULTS 

The data in Tables III and IV show that bj’ both 
reaction velocitj’^ tests AHMC dried gels are rapidly 
reactive with 0.1 ATHCl at 37 5° and compare favor- 
ably with a highly reactive aluminum hydroxide gel 
H. S. P. (prepared from Reheis F-500 aluminum hy- 
droxide compressed gel). Aluminum dihydroxy so- 
dium carbonate, which is also shown to be rapidly re- 
active by the Reheis reaction velocity test, contains 
306 mg. of sodium oxide for each 500 mg. of alu- 
minum oxide. Aluminum dihydroxy aminoacetatc 
and sodium polyhydroxy aluminum monocarbonate 
hexitol complex are only slightly less reactive than 

AHMC. 


Fig 17. — Antacid activity of four-year old 
samples of three aluminum antacids: (A) AHMC; 
(B) aluminum dihydroxy sodium carbonate; (C) 
aluminum dihydroxy aminoacetatc; procedure of 
Holbert, Noble, and Grote modified. 


pH 



Fig. 18 — ^Comparison of antacid activity of 
AHMC with aluminum hydroxide-magnesium car- 
bonate dry blend (4:1), procedure of Holbert, 
Noble, and Grote modified. 


The data in Table V, which are plotted in Figs. 3- 
15, show that both types of AHMC dried gel are very 
rapid and prolonged in their antacid activity in the 
pH range of 3 to 5 with artificial gastric juice. In 
this respect, they compare favorably with the ideal, a 
reactive liquid aluminum hydroxide gel. 

The data plotted in Fig. 17 shows that AHMC re- 
tains this high degree of reactivity over a long period 
of time Not a single substance tested shows better 
results than the AHMC dried gels. Table YII shows 
that the superior antacid characteristics of AHMC is 
retained in tablets as well. Hinkel, Fisher, and 
Tainter (25, 26) described a new highly reactive 
aluminum hydroxide (sodium polyhydroxy alu- 
minum monoearbonate hexitol complex) which, when 
blended with magnesium hydroxide, forms the basis 
of an improved antacid tablet. The data for sample 
43, Table VII indicates that the antacid characteris- 
tics of this new improved tablet are excellent and 
compare favorably with AHMC powder and tablets. 
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DISCUSSION 

A neiv combination of two old antacids, aluminum 
hydroxide and magnesium carbonate, is shown to 
possess outstanding antacid properties. The princi- 
pal method employed in this in vitro study is a very 
stringent test. It was Johnson and Duncan who 
first introduced the periodic replacement of antacid- 
acid mixture with the fresh gastric acid. They used 
an equivalent dose, which varied for each product 
tested, depending upon the acid neutralizing power 
of the substance. Holbert, Noble, and Grote (28) 
used a 2-Gm, sample and employed an artificial gas- 
tric juice instead of 0.1 A'HCl Our modification con- 
sisted of (a) establishing an exact normality for the 
artificial gastric juice and (i) replacing it at a constant 
rate The rate of change of pH with time during the 
first ten minutes is a function of its reactivity and, 
hence, the test is unexcelled for measuring prompt- 
ness of buffering. Since, at the ten-minute interval 
an e.xcess of antacid is usually present, the pH at ten 
minutes is a measure of the maximum pH that might 
be expected. The concentration of acid (pH 1 5- 
0.0316 iV) in the artificial gastric juice also makes the 
test a very stringent one A substance which re- 
acts well with acid of this strength will react even 
more rapidly with a stronger acid. The constant 
replacement of reaction mixture with fresh gastric 
juice provides a system where the amount of ant- 
antacid is gradually diminishing while the supplj' of 
fresh acid is constant. A more stringent test for an 
antacid substance cannot be devised. One, of course, 
may vary the concentration and composition of the 
gastric juice and obtain a whole family of curves and 
data which is constant for the new gastric juice We 
have used simulated gastric fluid U S P , which be- 
came official after our investigation was started 
This is approx’imatcly 0 08 iV but may vary depend- 
ing on the concentration of hydrochloric acid used 
Our results with this more concentrated gastric juice 
show that the total time in the pH range ol 3 to5 is 
less, but that the promptness of reaction and dura- 
tion of action is similar for .AHMC dried gel and 
liquid aluminum hydroxide gel 

The in vitro procedure, as employed, bj' us is not 
represented as being a duplication of the behavior of 
an antacid in the human stomach It is perhaps 
the most severe method of comparing antacids that 
can be devised under conditions similar to those 
found in the stomach. It is doubtful whether any 
in vivo test so far described is full}- adequate to dif- 
ferentiate between a large number of antacids The 
final and true test must remain in the hands of com- 
petent clinicians. 

Nature of Aluminum Hydroxide Gel. — Reactive 
aluminum hydroxide gel is a very dynamic system 
whose properties are dependent on the presence of 
immobilized watershells and the nature and amount 
of absorbed foreign anions and cations. The loss of 
protons, which are expelled from the hydration 
shells as a result of electrostatic attraction between 
an aluminum ion and an hydroxyl group in a neigh- 
boring hydration shell, brings about a polymeriza- 
tion. This structure can be stabilized by sub- 
stances xvhich help to reLiin the remaining protons in 
the hydration shells. Submicroscopic particles of 
magnesium carbonate is an excellent stabilizer of this 
structure. 


SUMMARY 


1. The preparation and properties of two neu 
aluminum h3'droxide-magnesium carbonate dried 
gels have been described. 

2. In vitro evaluation of the antacid properties 
of AHMC dried gels by four methods demonstrate 
that its buffering action is very rapid and pro- 
longed in the optimum pH range of 3 to 5. It 
compares faxmrably in this respect with reactite 
liquid aluminum hy'dro.xide gels. 

3 The outstanding antacid properties of 
AHMC are retained ox^er a long period of time. 

4. Of all other antacid chemicals tested in 
powder form, only aluminum dihydro.xj’ amino- 
acetate, aluminum diltydroxj' sodium carbonate, 
and sodium polj’h 3 'dro.x_v aluminum mono- 
carbonate hexitol complex e,\hibited prompt and 
prolonged activit 3 ' in the pH range of 3 to 5. 

5. In vitro antacid ex'aluation data on 30 of the 
most widely used antacids in liquid and tablet 
form are included for purposes ot comparison. 
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Preparation and Properties of New 
Gastric Antacids U* 


Aluminum Hydroxide-Protein Dried Gels 


By STEWART M. BEEKMAN and CARL H. VOGEL 


Seven new antacids are described. Each is a combination of aluminum hydroxide 
and protein in dry form. The /« vitro technique (based on the procedure of Holbert, 
Noble, and Grote) described in the first paper of this series is used to evaluate 
the antacid properties of the new dried gels. They are shown to be prompt in raising 
the pH to about 4 and prolonged in maintaining the pH in the optimum range of 3 to 
5 . All are palatable and free from chalky taste. The compositions include combina- 
tions of aluminum hydroxide with nonfat milk, milk protein concentrate, whole milk, 
egg albumin, lactalbumin, gelatin, and a soya milk product. 


Tn the first paper (1) in this series of studies, 

two new aluminum hydroxide-magnesium 
carbonate dried gels (AHMC) were described 
and their e.xcellent antacid characteristics were 
determined by a modified in vitro procedure of 
Holbert, Noble, and Grote (2), A specially 
designed apparatus for evaluating antacid 
activity was also described. 

The purpose of this paper is to describe several 
new aluminum hydro.'tide-protein dried gels and 
to present in vitro antacid evaluation data 
using the same procedure and apparatus. 

Several investigators have endeavored to 
prepare effective antacids by combining proteins 
with aluminum. Lipschitz (3) proposed a blend 
of 29.2 parts of aluminum hydroxide dried gel 
with 400 parts of calcium caseinate and 100 
parts of calcium carbonate. Horlicks (4) mixed 
10 parts of aluminum hydroxide dried gel with 
38 parts of malted milk. Paterson (5) reacted 
a soluble protein with aluminum ions or gel 
particles under conditions to precipitate an 
aluminum proteinate. Our evaluation of these 
products shows that they do not meet the require- 
ments for a successful, modem antacid in dry 
form. 


EXPERIMENTAL 

The antacids which are the subject of this study 
were all prepared by intimately contacting an 
aqueous solution of soluble, edible protein with a 
highly reactive basic aluminum carbonate gel at a 
pH sufficiently high to prevent precipitation, fol- 
lowed by desiccation and reduction to finely divided 
form. The proteins used were nonfat milk, milk 
protein concentrates, soluble lactalbumin, whole 
milk, egg albumin, gelatin, and a milk substitute 
containing soya protein. The products were white, 
odorless dried gels having a pleasant, noiichalky, and 
bland taste. In Table I the composition of several 
aluminum hydroxide-protein dried gels are shown. 

♦ Received September 2, 1059. from the Research Labora- 
tory, Reheis Co., Inc.. Berkeley Heights, M. J. 

Presented to the Scientific Section, A. Pn. A., Cincinnati 
meeting, August 1950. 


In Table II the analyses of the various samples as 
well as their acid consuming capacities can be 
found. 


Table I. — Composition of Various Aluminum 
Hydroxide-Protein Dried Gels 


Designation 

ALUMIL- F-21 
AHEA F-41 
AHLA F-41 
AHGEL F-41 
AHMPC F-41 

AHS F-41 
AHWM F-11 


Composition 

AI(OH)/-Nonfat milk solids (2:1) 
Al(OH)r-Egg albumin (4:1) 
Al(OH) 3 -Lactalbumin (4:1) 
Al{OH)r-Ge]atin {4:1) 

A!(OH ij-Milk protein concen- 
trate (4:1) 

Al(OH)j-Soya milk (4:1) 
Al(OH) 3 -\Vhole milk solids (1:1) 


o Registered trademark, Reheis Co., Inc. 
0 AKOHli as AliOj. 


Antacid Activity. — The antacid activity of the 
various samples of aluminum hydroxide-protein 
dried gels was determined by the modified procedure 
of Holbert, Noble, and Grote (2) on the basis of 1- 
2-Gm. doses. In addition, the antacid activity of 
10-grain aluminum hydroxide-non-fat milk tablets 
(.4.LUMIL F-21) was determined on the basis of one 
and two tablets. The results of these determina- 
tions are shown in Table III and Figs. 1-8. 

Effect of Nonfat Milk Solids on Antacid Activity 
of Aluminum Hydroxide Dried Gel. — In order to 
determine the effect of nonfat milk solids on the 
antacid activity of aluminum hydroxide dried gel, 
two parts of the latter were blended thoroughly 
with one part of nonfat milk solids (Carnation 
Instant). The antacid activity of a 3-Gra. sample 
was determined by the modified procedure of Hol- 
bert, Noble, and Grote and compared with a 2-Gm. 
sample of dried aluminum hydroxide gel. The data 
which are plotted in Fig. 9 show that nonfat milk 
solids have an adverse effect on the antacid properties 
of aluminum hydroxide dried gel. Similar results were 
obtained with whole milk solids (Klim.). A 2-Gm. 
sample of nonfat milk solids (Carnation Instant), 
similarly tested, raised the pH slowly to 2.4 and grad- 
ually declined to less than 2.0. A 1-Gm. mixture of 
38 parts malted milk with 10 parts aluminum hy- 
droxide dried gel (4) failed to raise the pH of gastric 
juice above 2.0 during the entire two-hour testing 
period. 

One gram of a Lipschitz 13) mixture, previouslv 
described, raised the pH fairly rapidly to 3.6, and 


201 


'202 Journal of the AirERicAx Pharmaceutical Association A’'oI. -10. Xo. -i 


Table II. — Analyses of ^'ARI0us Aluminum Hydroxide-Protein Dried Gels 


Designation 

AliOi, 

% 

Protein, 

% 

Nonfat Milk 
Solids, 

% 

COi, 

% 

Water, 

Karl Fischer, 

% 

pH 

Acid 

Consurnioj 

Cop.a 

ALUMIL F-21 

38.0 

7.0 

19.0 

12.1 

18.8 

9.0 

220 

AHEA F-41 

46.1 

11.4 


9.5 

16.6 

9.1 

257 

AHLA F-41 

46.0 

9.2 


12.5 

22.1 

9.0 

256 

AHGEL F-41 

42.5 

10.5 


11.2 

17.0 

9.1 

234 

AHMPC F-41 

42.2 

6.8 


12.7 

18.6 

9.1 

231 

AHS F-41 

42.4 

2.9 


15.0 

22.4 

9.3 

232 

AHWM F-11 

31.7 

8.7 


8.9 

20.1 

9.1 

179 


a Ml. 0.1 -V HCI per Gm. 


Table III. — Antacid Characteristics of Various Aluminum Hydroxide-Protein Dried Gels" 



ALUMIL 

AHEA 

AHLA 

AHGEL 

AHMPC 

AHS 

AHWM 

ALUMir, 


F-21, 

F-41, 

F-41, 

F-41. 

F-41. 

F-41. 

F-ll, 

Tablets. 

Time, 

I 

2 

I 

2 

1 

2 

1 

2 

I 

2 

I 

2 

1 

2 

I 

■1 

min. 

Gm. 

Gm. 

Gm. 

Gm. 

Gra. 

Gm, 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Tab. 

Tab. 

0 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1 

3.7 

4.1 

2.5 

4.1 

2.5 

4 1 

2.8 

4.1 

3.6 

4.2 

2.5 

4.2 

3.3 

4.1 

2.2 

2.S 

2 

4.1 

4.2 

3.2 

4,2 

3.0 

4.2 

3.8 

4.2 

4.1 

4.3 

3.2 

4.3 

3.8 

4.2 

2^0 

3.5 

3 

4.2 

4.2 

3.9 

4.2 

3.5 

4.3 

4.0 

4.2 

4.2 

4.3 

3.8 

4.3 

4.0 

4.2 

3.1 

3.0 

4 

4.2 

4.2 

4.1 

4.2 

3.9 

4 3 

4.0 

4.2 

4.2 

4.3 

4.0 

4.3 

4.0 

4.2 

3.5 

4.0 

5 

4.2 

4.2 

4.1 

4.2 

4.0 

4.3 

4.0 

4.2 

4.2 

4.4 

4.1 

4.4 

4.1 

4.2 

3.7 

4.1 

10 

4.3 

4.3 

4.3 

4,3 

4.2 

4.4 

4.1 

4.2 

4.2 

4.4 

4.1 

4.4 

4.2 

4.2 

4.1 

4.2 

20 

4.3 

4.3 

4.2 

4.3 

4.2 

4.4 

4.1 

4.2 

4.2 

4.4 

4.1 

4.4 

4.1 

4.2 

4.1 

4.2 

30 

4.3 

4.2 

4.2 

4,3 

4.2 

4.4 

4.1 

4.2 

4.2 

4.4 

4.1 

4.3 

4.0 

4.1 

4.1 

4.2 

40 

4.3 

4.2 

4.2 

4.3 

4 2 

4.4 

4.1 

4.2 

4.2 

4.4 

4.1 

4.3 

4.0 

4.1 

4.1 

4.2 

50 

4.3 

4.2 

4.2 

4.2 

4.2 

4.4 

4.1 

4 1 

4.2 

4.4 

4.1 

4.3 

4.0 

4.1 

4,0 

4.1 

60 

4.3 

4.2 

4.2 

4.2 

4.2 

4,4 

4.1 

4.1 

4.2 

4.3 

4.1 

4.3 

3.9 

4.1 

4.0 

4.1 

70 

4.3 

4.2 

4.2 

4.2 

4 1 

4.3 

4.0 

4.1 

4.2 

4.3 

4.0 

4.3 

3.8 

4.0 

3.9 

4.1 

SO 

4.2 

4.2 

4.1 

4.2 

4.1 

4.3 

4.0 

4 1 

4.1 

4.3 

4.0 

4.3 

3.8 

4.0 

3.8 

4.0 

90 

4.2 

4.2 

4.1 

4.2 

4.1 

4 3 

4.0 

4.1 

4.1 

4,3 

3.9 

4.3 

3.0 

4.0 

3.0 

4.0 

100 

4.2 

4.2 

4.1 

4.2 

4.0 

4.2 

3.9 

4.1 

4.0 

4.3 

3.7 

4.3 

3.4 

3.9 

3.4 

3.9 

no 

4.1 

4.2 

4.1 

4.2 

4.0 

4.2 

3.8 

4.1 

4.0 

4.2 

3.3 

4,3 

3,2 

3.9 

3.2 

3.7 

120 

4.1 

4.2 

4.0 

4.2 

3.9 

4.2 

3.7 

4.1 

3.7 

4,2 

2.9 

4.2 

2.9 

3.8 

2.9 

3.6 

ISO 

4.0 

4.1 

4.0 

4.2 

3 8 

4.2 

3.3 

4.0 

3 3 

4.2 


4.2 


3.8 


3.3 

140 

3.8 

4.1 

3.8 

4.1 

3.5 

4.2 

3.0 

4.0 

3.0 

4,1 


4,2 


3.6 



150 

3.5 

4.0 

3.7 

4.1 


4,2 


4.0 

2.7 

4.0 


4.1 


3.4 



160 

3.2 

4.0 

3.3 

4,1 


4.1 


3.9 

2.6 

4.0 


4.1 


3.2 


. . 

170 

3.0 

3.7 

3.0 

4.1 


4.0 


3.9 

2.4 

3.9 


3,9 


2.9 



180 


3.5 


4.0 


3.8 


3.8 

2.3 

3.4 


3.0 


2.7 



190 


3.3 


3 9 


3.3 


3.6 


3.0 


3.1 





200 


2.9 


3,7 


3.0 


3.3 


2.8 


2.8 





210 




3.5 


2.8 


3.0 


2.6 


2.0 






a Time versus pH at various dose levels, procedure of Holbert, Noble, and Grote modified. 



TIME IN MINUTES 


1 —Aluminum hydroxide-nonfat milk dried 
gel ALUMIL F-21. procedure of Holbert, Noble, 
and Grote modified. 



TIME IN MIHUTES 


Fig. 2. — Aluminum hydroxide-egg albumin dried 
gel, AHEA F-41, procedure of Hollxirt, N'oblc, aiin 
Grote modified. 
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TIME IN MINUTES 


Fig. 3. — Aluminum hydroxide-gelatin dried gel, 
AHGBL F-41, procedure of Holbert, Noble, and 
Grote modified. 



Fig. 6 — Aluminum hydroxide-soya dried gel, 
AHS F-41, procedure of Holbert, Noble, and Grote 
modified. 




Fig. 4 — ^Aluminum hydroxide-lactalbumin dried 
gel, AH -LA F-41, procedure of Holbert. Noble, and 
iGrote modified. 


Fig 7. — Aluminum hydroxide-whole milk dried 
gel, AHWM F-11, procedure of Holbert, Noble, and 
Grote modified. 




Fig. 5 — Aluminum hydrovide-milk protein con- 
centrate dried gel, AHMPC F-41, procedure of 
Holbert, Noble, and Grote modified 


Fig. S— Alumil F-21 tablets, C60 mg active 
mgredient, procedure of Holbert, Noble, and Grote 
modified. 
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Fig. 9. — Effect of dry nonfat milk solids on ant- 
acid activity of aluminum hydroxide dried gel 
U. S. P. : (A) Aluminum hydroxide dried gel, 2 Gra., 
( B ) Aluminum hj'droxide dried gel, 2 Gm. plus 1 Gm. 
nonfat milk solids; procedure of Holbert, A^oble, 
and Grote modified. 

thereafter, slowly declined to 3.0 in twenty minutes 
and 2.0 after one hundred minutes. The antacid 
characteristics of aluminum proteinate (5) are shown 
in Fig. 9 and in Table V of a previous paper (1). 

RESULTS 

The data on the antacid activity of various alu- 
minum hydroxide-protein dried gels, which are shown 
in Table III and Figs. 1-8, indicate they are prompt 
in raising the pH to 3.5 and ver.v prolonged in main- 
taining the pH in the optimum range of 3 to 5. The 
maximum pH reached with a large excess of antacid 
was about 4.4. One-gram samples maintained the 
pH in the optimum range for well over two hours and 
2-Gm. samples for well over three hours. This is in 
sharp contrast with the data shown in Fig. 9, which 
show that nonfat milk solids have an adverse effect 
on the antacid activity of aluminum hydroxide dried 
gel. The data plotted in Fig. 8 show that the prompt 
and prolonged antacid activitj' of .ALUMIL F-2I is 
retained in tablets as well. 

DISCUSSION 

The antacid properties of aluminum hydro.xidc- 
protein dried gels, as determined by the modified in 


vitro technique of Holbert, Noble, and Grolc, h.uv 
been shown to compare favorably with reactive liquid 
aluminum hj-droxide gel. The results obtained with 
aluminum hydroxide-nonfat milk (ALUMIL), which 
is a most economical source of protein, were com- 
parable with others from the point of view of prompt- 
ness and long lasting buffering power in the optimum 
pH range. Tablets made from ALUMIL were char- 
acterized by a smooth, bland, nonchalky Uislc ami 
unexcelled sucking quality. A vanillin flavor gave a 
pleasant taste and aftertaste. Favorable comment'; 
were elicited from individuals who dislike "chalky" 
or highly flavored tablets. 

The prolonged buffering quality of ALUMIL sug- 
gests its use for night-time therapy of ulcer p.iticnts. 
Other antacid chemicals, such as magnesium hy- 
droxide, can be most effectively incorporated hr 
blending with the wet gel before drying. 

SUMMARY 

1. The preparation and propertie.s of seven 
new aluminum hydroxide-protein dried gels were 
described. 

2. Each was shown to exhibit promptness in 
buffering artificial gastric juice and prolonged 
antacid action in the optimum pH range of 3 to .a 
when evaluated by the modified in vitro procedure 
of Holbert, Noble, and Grote. 

3. The antacid properties were shown to 
compare favorably with reactive liquid alu- 
minum hydroxide gel. 

4. The antacid activity of ALUMIL F-21 
(aluminum hydroxide-nonfat milk dried gel) 
tablets was shown to be prompt and prolonged. 

5. The aesthetic c[uaHties of aluminum hy- 
dro.xide-nonfat milk dried gel (ALUMIL) .such as 
the bland, nonchalky, pleasant taste cliaractcri.s- 
tics as well as the smooth, nongritty, sucking 
qualities which it imparts to tablets have been 
stressed. 

REFERENCES 

(1) Beckman, S. M., This Journai., 49, 101 

(2) Holbert, J. M., Noble, N., and Grole, 1. W.. ibuf . JA 
292(1948). 

(3) U. S. pat. 2.392,380. 

(4) British pat. 715,871. 

(5) U. S. pat. 2,721,801. 




The Effects of Certain Psychopharmacologic Drugs 
on Conditioning in the Rat F 

Avoidance-Escape Conditioning 

By V. D. LYNCHf, M. D. ACETOJ, and R. K. THOMS 

This study compares the effects on conditioning of well-known classes of tranquil- 
izers both with themselves and with other centrally active drugs. On the basis of 
certain chemical structure relationships, 2-ethyl-2-(3-methyl)-butylmalondiamide, 
2-ethyl-2-(3-raethyl)-butylmalonic acid diethylester, and ethyl-2, 4-toluene dicarbam- 
ate were included for study. The results which were analyzed statistically by means 
of an analysis of variance technique and t tests demonstrated significant differences 
between drugs and between drugs and controls from both dosage and trial aspects. 

Because of the nature of the test, these differences cannot be ascribed only to an 
interference with normal motor activity. 


YVThile juny procedures have been used 
for the assessment of tranquilizers, the 
e.xperimental approach has logically focused on 
the effects of these drugs on animal behavior 
(1, 2) In an attempt to contribute somewhat 
to a further understanding of such phenomena, 
the following study was carried out, keeping in 
mind the threefold objectives (a) to determine 
whether quantitative relationships could be 
determined not only between drugs but also 
ietween different dosage levels of the same 
drugs; (6) to compare the effects of different 
chemical classes of drugs; and (c) to determine 
whether or not this procedure could be used to 
evaluate new or untested chemical compounds 
In the study of centrally active drugs on animal 
behavior. Cook and Weidley (3) utilized a pro- 
cedure in which a rat was conditioned to climb 
a pole to escape an electric shock which was 
delivered simultaneously with a warning tone 
After a number of such presentations of shock and 
tone together, the animal would develop a re- 
sponse termed avoidance-escape by the authors 
and it would respond to the sound alone 
In the present study, the same procedure was 
utilized but modified to the extent that a time 
interval was introduced between the warning 
tone and the electric shock In addition, other 
parameters were extended with regard to the 
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time of administration of drugs It was also 
felt that the administration of a drug to an 
unconditioned animal rather than to one already 
conditioned would more fully elucidate the e"~ects 
of the selected drugs 

EXPERIMENTAL PROCEDURES 

Materials. — The drugs and dosage levels are 
listed in Table I Except for the diamide' and di- 
carbamate (4) which were synthesized in our labora- 
tories, all the other drugs were obtained cora- 
merciaily or supplied by the manufacturers - Dis- 
tilled water was used as the solvent for the relatively 
water-soluble drugs Methocel (0 5%) was used as 
the suspending agent for the poorly water-soluble 
drugs In all cases, the drug was either dissolved or 
suspended so that the desired dose per Kg of body 
weight of the rat was contained in a final volume of 1 
cc of water When not in use, the solutions were 
stored in a refrigerator 

Animals.— -The animals used in this study were 
descendants of a Wistar strain originally obtained 
from the Charles River Breeding Laboratories 
Adult rats were kept in colonies of approximately 25 
to a standard size rat cage Separate cages were 
maintained for both sexes These animals were 
allowed Purina laboratory chow for food and water 
ad hbituin Once selected for use in the avoidance- 
escape procedure, the animals were individually 
housed in rectangular mouse boxes, and food and 
water allowed ad hhtuni. 

Conditioning Apparatus. — The apparatus con- 
sisted of a cage (both wooden and glass containers 
were used in these e.xperiments) fitted with a cover 
to which a wooden rod was attached by means of a 
fiat metal spring This rod protruded through the 
center of the cover and extended down almost to the 
floor of the cage. The weight of an animal on this 
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I The follmvmE drugs « ere supplied gratus from the firms 
listed. 2 ethyl-2-(3-meths!)-butylmalonic acid diethyl ester 
from Eh Lilly and Co , Equanil (meprobamate) from TWeth 
Laboratones. Thora«ae hydtocMondc from Smith Khne and 
French Lahoratwes. Atarax hydrochloride from J. B 
Roeng aod Co (Div of Charles Pfizer S. Co , Inc ) ■ Serpas^l 
Pr^ucU '' ^.ba Pharmaceutfea 
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Table I. — Drugs and Doses Used in Avoidance-Escape Conditioning Technique" 


Drug 

IaOI and Control 

No. 

I.OW, 

mg /Kg. 

Medium. 

lUg./Kg. 

High, 
mg /Ks 

Reserpine phosphate 

Ciba E 4961 

0.5 

1.0 

2.0 

Chlorpromazine hydrochloride 

SKF Cu 7664 

0.5 

2.0 

4.0 

Meprobamate 

Wyeth L 3286-1 

10.0 

50.0 

100.0 

Hvdroxyzine hydrochloride 

Pfizer 71407 

5.0 

25.0 

35.0 

d-.Vmphetamine sulfate 

Lack DA 675 

0.1 

1.0 

5.0 

.Vmobarbital 

Eli Lilly AX-9643-F 

5.0 

10.0 

20.0 

Ethvl-2,4-tohicne dicarbamate 


50.0 

75.0 

00.0 

2-Ethvl-2-(3-methyl)-butvlmalondiamide 


10.0 

50.0 

100.0 

2-EthvI-2-(3-methvl)-butvlmalonic acid diethyl ester 

Eli Lilly 11039 

50.0 

100.0 

200.0 

Control 



o AU drugs given by i. p. injection. 


pole would cause the pole to descend, thereby en- 
gaging electrical contacts at the top of the pole 
which immediately terminated the warning sound 
and/or electric shock. The cage floor was con- 
structed as a grid of copperrodsspaced approximately 
one-half inch apart. The grid floor could be elec- 
trically charged by means of a stimulator. The 
stimulator (Electronic Stimulator, Grass Instru- 
ment Co.) frequenc 3 ' was set and maintained at five 
per second, delay at five milliseconds, duration at 
thirtj' milliseconds, and voltage at 100 volts d. c. 
A resistor was so set that three milliampcrcs current 
was delivered to the grid. 

The apparatus was constructed so that approxi- 
mately every five minutes it would initiate a new 
cycle which began b\- the sounding of a low tone 
buzzer for approximatelj’ sixteen seconds followed 
b\’ the deliverj' of an electric shock and continued 
sounding of the buzzer (with concurrent shock) until 
either the animal jumped upon the pole or, as was 
found necessarj' for certain drugs during the first 
hourh' session, until the animal became cyanotic. 
If the animal became cj-anotic, the investigator 
manualh- depressed the protruding end of the pole. 
Either manual depression of the pole or the presence 
of the animal upon the pole served to terminate 
simultaneously the buzzer tone and electric shock. 
The apparatus would automatically reset itself and 
after approximateh- five minutes initiate a new cycle 
unless the rat was still on the pole, in which case 
another cj'cle would begin approxijnately five min- 
utes after the animal left the pole. A kymograph 
(Phipps and Bird, model V.U.) separately reeorded 
duration of the tone and shock b}’ means of ink-fed 
pens attached to signal magnets. 

The animal was introduced into the apparatus by 
raising the removable roof. Two of these devices 
were used and each apparatus was housed in a sep- 
arate room in an exhaust hood. 

Procedure. — In each of the apparatuses, five rats 
were used to form a group for each dose level investi- 
gated for each drag. Once a group was assigned to 
an apparatus, it was used only in the apparatus 
assigned. The similar results obtained for each dose 
level for each drug from each apparatus were then 
combined to permit the best possible statistical 
analysis. Experimentally naive animals of both 
sexes of a weight range from lot) to 2.5f) Gm. were 
used. Aside from the control groups which did not 
receive any injections, all other groups were injected 
intrapcritoneallj" one hour prior to each of the fi\e 
consecutive dail}' admissions into the apparatus. 
Reserpine was administered two hours prior and 


meprobamate one-half hour prior to adini.ssion of 
the animal into the apparatus. Due to thccuimil.i- 
tive effects of reserpine, it was found necessary to 
administer this drug and conduct the conditioning 
session every' other day' for a total of three session?. 

After injecting an animal with the selected drug it 
was replaced in its assigned cage and remained there 
until ready for introduction into the apparatus. 
The animal was removed from the cage and placed 
in tap water of sufficient depth to allow wetting of 
its limbs and then admitted into the apparatus. 
After the first few shocks the animal Ictirncd to find 
the pole and responded in time according to the 
effects of the drug. After a conditioning session, 
each rat was returned to its assigned cage. 

RESULTS 

In the evaluation of the data, the original measure- 
ments on the kymograph record were made in inilli- 
meters and then converted to response latency in 
seconds. Respon.se latency may be described as the 
time interval which elapses between the onset of the 
warning tone and re.sponse of the animal, in this 
case, climbing the pole to avoid an oncoming shock. 
Each animal received an average of ten trials in each 
daily session, and because the results of thc.se trials 
showed skewness, the measurement for each trial 
was converted to its reciprocal. 

The average of these reciprocals ( X 100) for each 
animal on each day was entered into a table and 
analyzed statistically by means of a split-plot analy- 
sis of variance technique {!>). The results of thb 
technique are based on the measurements of aiiprov- 
imatcly 15,000 individual trials and are given in 
Table 11. 

Using the I test’ as defined by Edwards (0), a 
further statistical evaluation of the various drug t" 
drug and drug to control comparisons was made. 
Those results are listed in Tables III, l\', and '• 
Figures 1 through 9 illustrate the trial-latency curves 
for the different drugs and doses investigated. 
Table VI provides a summary and tabulation of the 
drugs and dose levels at which significant results 
were obtainerl. 


Taiii.i; of t Vai.io.s (0) 

,lf o.n'i 0.01 
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Table II. — Split-Plot Analysis of Variance of the Effects of Nine Drugs on the Acquisition 
OF Conditioning of White Rats in an Avoidance-Escape Situation Using Response Latency as the 

Measure® 


Source of 

Variation 

Sum of 

Squares 

df 

Mean 

Square 

F 

F 1% 
(Fisher’s 
Tables) 

Main plot 

A-Drugs 

171,680 41 

8 

21,460.05 

15.39 

2.60 

B-Levcls 

56,580.05 

2 

28,290.02 

20.09 

4.71 

A X B Interaction 

118,500 07 

16 

7,406.25 

5.31 

2.09 

Main plot error 

338,667 23 

243 

1,393.69 



Subplot 

T-Trials 

86.537.71 

4 

21,634.42 

56.38 

3.32 

A X T Interaction 

27,030.02 

32 

844.69 

2.20 

1.69 

B X T Interaction 

5,023.20 

8 

627.90 

1.64 

2.51 

A X B X T Interaction 

52,481.45 

64 

820.02 

2.14 

1.54 

Subplot error 

337,003.60 

072 

383.75 



Total 

1,193,503.74 

1.349 





« Each drug tested at three different dosage levels. 



7fi(AlS 

Fig. 1, — ^The effect of reserpine PO 4 on avoidance- 
escape. 



TBIAIS 


Fig 3. — The effect of meprobamate on avoidance- 
escape. 



TBIAIS 

Fig. 2. — The effect of chlorpromazine HCl on avoid- 
ance-escape. 



TBIAlS 

Fig. 4. — The effect of hydroxyzine HCl on avoidance- 
escape. 


DISCUSSION AND SUMMARY 

The F values obtained by means of a split-plot 
analysis of variance of the data indicate that many 
significant drug to drug differences exist considered 
from both dosage and trial aspects. The t tests 
derived from these data lend further support and 
indicate the specific drug to drug significant dif- 
ferences and the drug to control significant differ- 
ences. 


On the assumption of the validity of the signifi- 
cance of the F ratios for both the trial and trial-drug 
interactions, an inspection of the different curves in 
Figs 1 through 9 shows that the differences gener- 
ally arise on the second trial, and that generally 
these differences arc maintained throughout the 
remaining tliree trials. 

Reserpine was effective in interfering with the 
avoidance-escape response significantly in a dose of 
one to two mg,/Kg, The data, as presented, does 
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Table III. — Table op t Values Derived from Various Drug to Drug and Drug to Control 

Co.MPARlSONS, Loiv Dosage Lei'El 
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TRIALS 

Fig. 5. — The effect of d-amphctaniine SOi on avoid- 
ance-escape. 



TRIALS 

Fig. 8.— The effect of 2-ethyl-2-(3-methyl)- 
buty! malonic acid diethyl ester on avoidance- 
escape. 



TRIALS 

Fig. 6. — ^The effect of amobarbital on avoidance- 
escape. 



TRIALS 

Fig. 9. — The effect of 2-ethyI-2-(3-methyl)- 
butylmalondiamide on avoidance-escape. 



TRIALS 

Fig. 7. — ^The effect of ethyl-2, 4-toluene dicarbaraate 
on avoidance-escape. 


not justify a conclusion as to whether this drug in- 
terfered with the acquisition of conditioning, or 
whether it prevented the animat from responding. 
Diarrhea, and ptosis of the eyelids, in addition to 
sedation, were obvious in alt animals receiving this 
drug by the third trial (in this case five days after 
the first trial). The highest dose of reserpine was 
the first to manifest these results. The activity of 
reserpine phosphate was found to be cumulative. 

Chlorpromazine hydrochloride was found to have 
a significant effect on conditioning in a four rag./Kg. 
dose. The curve for this drug indicates that at this 
dose chlorpromazine appears to interfere with the 


avoidance response to a greater extent than with 
the escape component. However, the response at 
this dose level is not significantly different from that 
for reserpine at the highest dose of the latter. 

According to the t tests, meprobamate does not 
interfere significantly with conditioning at any 
dose level. An examination of the response curves 
indicates an increase in response latency for the high- 
est dose, especially on trial days two and four. This 
might be consistent with the observation of pro- 
nounced flaccid paralysis in all the rats studied at 
this dose. 

The effects of hydroxyzine hydrochloride on 
avoidance-escape conditioning as reflected by the t 
tests indicate a decrease in response latency at a 
dose of 25 rag./Kg., whereas no significant effect 
occurred at a dose of 35 mg./Kg. It is proposed 
that the highest dose used was beginning to inter- 
fere with its own activity at this point, since doses 
higher than 35 mg./Kg. could not be investigated 
because such doses caused pronounced convulsiv'e 
seizures. 

It is possible that amphetamine sulfate followed 
the same pattern of activity since similar results 
were obtained with this drug, i. e., the median dose 
facilitating the response and the stimulatory effects 
of the highest dose interfering with this facilitation. 

On the other hand, amobarbital significantly de- 
creased response latency at the low and median dose 
levels when compared to the controls This would 
be consistent with the observation that barbiturates 


208 


Journal of the American Pharmaceutical Association 


Vol. -iO, xVo.J 


Table III. — Table op t Values Derived prom Various Drug to Drug and Drug to Control 

Comparisons, Low Dosage Level 




April 1900 


Scientific Edition 


209 



3 

KIMS 


Fig. 5. — The effect of rf-amphetamine SOi on avoid- 
ance-escape. 



■'Fig, 6, — The effect of araobarbital on avoidance- 
escape. 



Fig, 


7, — The effect of ethyl-2, 4-toluene dicarbamate 
on avoidance-escape. 


not justify a conclusion as to whether this drug in- 
terfered with the acquisition of conditioning, or 

f whether it prevented the animal from responding. 
Diarrhea, and ptosis of the eyelids, in addition to 
sedation, were obvious in all animals receiving this 
, drug by the third trial (in this case five days after 
the first trial). The highest dose of reserpine w'as 
the first to manifest these results. The activity of 
reserpine phosphate was found to be cumulative. 

Chlorpromazine hydrochloride was found to have 
a significant effect on conditioning in a four mg./Kg. 
dose. The curve for this drug indicates that at this 
dose chlorpromazine appears to interfere with the 



TSIAIS 

Fig, 8. — The effect of 2-ethyl-2-(3-methyl)- 
butyl malonic acid diethyl ester on avoidance- 
escape. 



TSIMS 

Fig. 9. — ^The effect of 2-ethyl-2-(3-methyl)- 

butylmalondiamide on avoidance-escape. 


avoidance response to a greater extent than with 
the escape component. However, the response at 
this dose level is not significantly different from that 
for reserpine at the highest dose of the latter. 

According to the t tests, meprobamate does not 
interfere significantly rvith conditioning at any 
dose level. An examination of the response curves 
indicates an increase in response latency for the high- 
est dose, especially on trial days two and four. This 
might be consistent with the observation of pro- 
nounced flaccid paralysis in all the rats studied at 
this dose. 

The effects of hydroxyzine hydrochloride on 
avoidance-escape conditioning as reflected by the t 
tests indicate a decrease in response latency at a 
dose of 25 rag./Kg., whereas no significant effect 
occurred at a dose of 35 mg./Kg. It is proposed 
that the highest dose used tvas beginning to inter- 
fere with its own activity at this point, since doses 
higher than 35 mg./Kg. could not be investigated 
because such doses caused pronounced convulsive 
seizures. 

It is possible that amphetamine sulfate followed 
the same pattern of activity since similar results 
were obtained u-ith this drug, i. e.. the median dose 
facilitating the response and the stimulatorj' effects 
of the highest dose interfering with this facilitation. 

On the other hand, amobarbital significantly de- 
creased response latency at the low and median dose 
levels when compared to the controls. This would 
be consistent with the observ-ation that barbiturates 
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frequently cause some stimulation prior to depres- 
sion This is further borne out by the fact 
that the animals receiving the highest dose of 
this drug showed signs of sedation and that depres- 
sion on the fifth trial day was markedly present 
when compared to the control group 

Ethyl-2, 4-toluene dicarbamate presents an anom- 
ab' of effects which are not explainable on the basis 
of present experimental evidence In preliminary 
tests, this compound demonstrated strongly seda- 
tive properties This does not agree with the facili- 
tation of the conditioning response as shown by the t 
tests Because of the apparently contradictory re- 
sults achieved with this compound, a more exhaus- 
tive pharmacological study of its properties is being 
undertaken 

The effect of 2-ethyl-2-(3-methyl)-butylmalondi- 
amide on avoidance-escape conditioning, as indi- 
cated by t tests and inspection of the curves in Fig 8, 
shows, that at the lowest dose a significant decrease 
in latency of response resulted It was also found 
that at this dose no significant difference between 
2-ethyl-2-(3-methyl)-butyl malonic acid diethj’lestcr 
and 2-ethyl-2-(3-methyl)-butylmalondiamide was 
apparent. Also, no significant difference between 


2-ethyl-2-(3-methyl)-but}'lmalondiamide and amo- 
barbital was evident at the three doses used Sig- 
nificant differences were obtained between meproba- 
mate and 2-ethyl-2-(3-methyl)-butyImalondiamide 
at the high and low dose levels However, other 
tests (to be published) indicated that the effects of 
the diamide were not unlike certain effects produced 
by meprobamate and amobarbital. 

In general, 2-ethyl-2-(3-methyI)-butylmaloiiic 
acid diethylester showed effects similar to those pro- 
duced by the corresponding diamide. In view of the 
fact that higher doses of the diethylester demon- 
strated less pronounced effects when compared to 
the diamide, it is felt that the former is less effective 
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The Antidotal Effectiveness of Sodium Cobaltinitrite 
in Antagonizing Cyanide Poisoning in Albino Mice* 

By MARVIN M. GOLDENBERGf and DAVID E. MANN, Jr. 

The prophylactic intraperitoneal administration of sodium nitrite (80 mg./Kg.) 
thirty minutes prior to the subcutaneous injection of one LD95 of sodium cyanide pro- 
tected 80 per cent of the mice. Under similar circumstances, sodium cobaltinitrite 
(60 mg./Kg.) afforded optimal protection to 97 per cent. Both sodium nitrite 
and sodium cobaltinitrite, administered thirty seconds after the injection of 1 LD#5 of 
sodium cyanide, required lower doses and were more effective than when given 
prophylactically. The most effective therapeutic dose of sodium nitrite was 50 mg./ 

Kg. which produced 90 per cent survival, while sodium cobaltinitrite was most 
effective at a dose of 30 mg./Kg., which produced a 96 per cent survival. Sodium 
cobaltinitrite-sodium thiosulfate combinations, when antidoting 4 LDss’s of 
sodium cyanide, achieved jiercentage results that were similar to those attained with 
sodium nitrite-sodium thiosulfate combinations in antidoting 3 LDss’s of the 

poison. 


D espite a decline in the incidence of acci- 
dental and suicidal cyanide deaths during 
the past twenty-five years (1) , the search for more 
effective cyanide antidotes continues. Hydro- 
gen peroxide (2), potassium permanganate (3), 
glutathione and cystine (4), cobalt nitrate (5), 
methylene blue (6), /j-aminopropiophenone (7), 
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and vitamin B 12 (8) are valid antagonists ex- 
perimentally, but these agents failed to protect 
against as many median lethal doses as either 
sodium nitrite or sodium thiosulfate, while the 
combination of sodium nitrite and sodium thio- 
sulfate, as demonstrated by Chen and Rose (9) 
in dogs, proved capable of antagonizing twenty 
median lethal doses of sodium cyanide, and ac- 
cordingly was modified for clinical use. 

The inception of cobalt salts as cyanide antag- 
onists occurred in 1894 (10) when Antal protected 
a person against hydrocyanic acid poisoning with 
the oral and subcutaneous administration of co- 
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bait nitrate. TIic subsequent decline in the use 
of cobalt salts was attributed to the introduction 
■ of other antidotes and a' report by Martin and 
( O’Brien in 1901 (11) that these agents offered no 
advantage over ferrous salts which, incidentally, 
^ were less toxic. In 1935, a Russian investigator 
(12) prophylactically protected mice against 
lethal doses of sodium cyanide with cobalt nitrate 
and cobalt sulfate. Since nitrites and cobalt 
salts have been demonstrated to be niethemoglo- 
bin formers and sustainers, respectively, it was 
presumed that sodium cobaltinitrite might be 
useful in cyanide poisoning. 

The primarj' purpose of this investigation was 
to compare sodium cobaltinitrite with sodium 
nitrite in terms of antidotal effectiveness when 
each agent was administered alone, prophylac- 
tically and therapeutically, and in conjunction 
with sodium thiosulfate. 

EXPERIMENTAL 

Adult albino mice (Huntingdon Farms HTF 
strain), of mixed sex, weighing between 19.0 and 
34.S Gm. were employed in this study. The fol- 
loiving concentrations of each agent were prepared 
in distilled water; sodium cyanide, 0.1 to 0.4%; 
\ sodium nitrite, 0.3 to 1.0%; sodium cobaltinitrite, 
to 1.0%: and sodium thiosulfate, 25%. 
Solutions of sodium cyanide were administered 
subcutaneously, while the antidotes were injected 
intraperitoneally. Cessation of respiration was 
the criterion of death. Observations were made 
over a twenty-four-hour period. 

Determination of the LD95 of Sodium Cyanide. — 
One hundred and forty-three mice were divided into 
five groups containing 12, 15, 6, 10, and 100 animals. 
Doses of sodium cyanide, ranging from 14 to 18 
mg./Kg. were administered to each group in increas- 
ing increments of 1 mg./Kg. to determine a dose that 
would cause 100% mortality. Since only 100 ani- 
mals were tested, it would be statistically incorrect 
to use the term minimal lethal doseitio (MLDioo). 

Establishment of the Minimal Prophylactic Dose 
of Sodium Cobaltinitrite Against I LD95 of Sodiiun 
Cyanide. — The evaluation of the effectiveness of so- 
dium cobaltinitrite as a potential cyanide antagonist 
entailed the establishment of an antidotal dose which 
possessed a wide margin of safety. Furthermore, the 
optimal time interval between the administration of 
the antidote and the poison had to be ascertained, for 
methemoglobinemia produced by nitrite ion and 
maintained by cobalt ion (13) may attain a maximal 
concentration within several minutes and then 

f drop sharply causing death from cytotoxic anoxia. 
Three hundred mice, half males and half females, 
were divided into three equal groups. Freshly 
/ prepared solutions of sodium cobaltinitrite, in 
concentrations of 0.1 and 1.0%, were administered 
to each group in successively increasing doses of 
40. 50, and 60 mg./Kg., followed in thirty minutes 
by the administration of 1 LDssof sodium cyanide. 

Establishment of the Minimal Prophylactic Dose 
of Sodium Nitrite Against 1 LDss of Sodium Cy- 
anide. — The experimental plan in this determination 


was identical to that of the previous procedure except 
that freshh' prepared solutions of 0.5% sodium ni- 
trite were administered to three groups of 100 mice 
each in doses of 60, 70, and 80 mg./Kg. 

Relative Therapeutic Effectiveness of Sodium 
Cobaltinitrite and Sodium Nitrite Against I LDss of 
Sodium Cyanide. — The purpose of this procedure 
was to determine the optimal therapeutic dose for 
each antidote against 1 LDss of sodium cyanide when 
the poison was administered initially, followed in 
thirty seconds by either agent. Varying concentra- 
tions of sodium cobaltinitrite and sodium nitrite 
were prepared as follows according to the dose: 
0.3% when the dose was 30 mg./Kg.; 0.4% for 
40 mg./Kg.; and 0.5% when the dose was either 
50, 60, or 90 mg./Kg. Sodium cyanide was admin- 
istered as a 0.1% solution. Groups of fifty mice, 
of equally divided sex, were employed. 

Relative Therapeutic Effectiveness of Sodium Ni- 
trite-Sodium Thiosulfate and Sodium Cobaltini- 
trite-Sodium Thiosulfate Against Increasing LDsb’s 
of Sodium Cyanide. — Cheii and Rose (9) established 
that sodium nitrite could antidote four median 
lethal dosesof sodiumeyanide in dogs. When sodium 
thiosulfate was administered in conjunction with 
sodium nitrite, marked potentiation occurred which 
increased the number of LDso’s of ej’anide to twenty. 
This study was undertaken to observe the effect of 
antidotal combinations against increasing LDss’s of 
sodium cyanide. Concentrations of sodium cyanide, 
from 0.1 to 0 4%, were prepared and administered 
when the LDss’s were increased from one to four. 
Sodium cobaltinitrite and sodium nitrite, as 0.5% 
solutions, were administered in doses of 60 mg./Kg. 
A 25% solution of sodium thiosulfate, 0.2 ml., 
was administered to each animal as a fixed dose. 
Each group consisted of fifty mice of equally divided 
sex. The sequence of injections was as follows: 
sodium cyanide was injected subcutaneously, 
sodium cobaltinitrite or sodium nitrite was given 
intraperitoneally immediately following the cyanide, 
sodium thiosulfate was then administered at once 
intraperitoneally in another portion of the abdomen. 

RESULTS 

LDss of Sodium Cyanide. — The administration of 
sodium cyanide to four groups of mice in doses of 14, 
15, 16, and 17 mg./Kg. produced survivals of 58% at 
the lower dosage level and 30% at the higher level. 
No survivals occurred at 18 mg./Kg. which was ac- 
cordingly designated the LDjs of sodium cyanide be- 
cause of the limited number of animals used. 

Minimal Prophylactic Dose of Sodium Cobaltini- 
trite Against 1 LDjs of Sodium Cyanide. — Thirty 
minutes was chosen as the optima! time interval be- 
tween the injection of sodium cobaltinitrite and so- 
dium cyanide, for this period appreciably increased 
per cent survdval as well as prolonged survival time. 
The administration of sodium cobaltinitrite thirty 
minutes prior to the cyanide at a dose of 40 mg./Kg. 
resulted in a 47% survival- with an average survival 
time of 50 minutes. At 50 mg./Kg., sodium cobal- 
tinitrite produced an 85% survival with an average 
survival time of 56 minutes. The minimal prophy- 
lactic dose of the antidote was established at 60 
mg./Kg., which produced a 97% survival with an 
average survival time of 58.3 minutes. 


212 


Journal or the American Pharmaceutical Association 


Vol 49, No, 4 


Minimal Prophylactic Dose of Sodium Nitrite 
Against 1 LDsb of Sodium Cyanide. — Sodium nitrite, 
administered prophylactically thirty minutes prior 
to sodium cyanide at a dose of 60 mg /Kg produced 
a 13% survival with an average survival time of 49 9 
minutes. At 70 mg./Kg sodium nitrite increased 
the per cent survival to 49 and the average survival 
time to 63.3 minutes The minimal prophylactic 
dose, established at 80 mg /Kg., caused an 85% sur- 
vival with an average survival time of 45 3 minutes 

Therapeutic Effect of Sodium Cobaltinitrite and 
Sodium Nitrite Against 1 LDjs of Sodium Cyanide. — 
The administration of 1 LDss of sodium cyanide fol- 
lowed in thirty seconds by either sodium cobaltini- 
trite or sodium nitrite at various dosage levels pro- 
duced the following results : at 60 mg /Kg , sodium 
cobaltinitrite protected 100% of the mice, while 
sodium nitrite protected 70% At 50 mg /Kg , 
sodium cobaltinitrite again afforded 100% protec- 
tion, while sodium nitrite increased the survival 
percentage to 90 At 40 and 30 mg /Kg , sodium 
cobaltinitrite produced survivals of 98 and 96%, 
while sodium nitrite decreased the survival per- 
centage to 74 and 42, respectively 

Sodium Nitrite-Sodium Thiosulfate and Sodium 
Cobaltinitrite-Sodium Thiosulfate Against In- 
creasing LDjt’sof Sodium Cyanide. — When each anti- 
dote was administered with a fixed dose of sodium 
thiosulfate immediately after 1 LDss of sodium cy- 
anide, sodium cobaltinitrite protected 100% of the 
mice, while sodium nitrite protected 92% Against 
2 LDas’s, sodium cobaltinitrite again showed 
complete protection, while only 68% of the animals 
were protected by sodium nitrite. Against 3 
LDgs’s, 80% of the mice survived with sodium 
cobaltinitrite protection, while only 14% were 
protected by sodium nitrite Finally, against 4 
LDss’s, no animals survived with sodium nitrite, 
while 18% were protected by sodium cobaltinitrite 

DISCUSSION 

Sodium cobaltinitrite, when administered alone 
prophylactically and therapeutically, and therapeu- 
tically ivith a fixed dose of sodium thiosulfate, 
proved to be a more effective antidote for cyanide 
poisoning in mice than sodium nitrite under similar 
conditions. Although sodium nitrite, when given 
thirty seconds after 1 LDss (18 mg /Kg ) of sodium 
cyanide was more effective at a lower dosage level 
than that required for prophylactic usage, sodium 
cobaltinitrite produced more survivals at all 
therapeutic dosage levels. Thus, one may assume 


that the antidotal ineptness of sodium nitrite is 
due to the production of methemoglobinemia of 
short duration, while podium cobaltinitrite ap- 
parently has a more sustained action in perpetuating 
this state. This assumption is based upon the 
rvork of Shen, et al ( 13), who elucidated the probable 
mechanism of action of cobalt on the reversible -• 
hemoglobin-methemoglobin system. They con- 
cluded that cobalt inhibited the enzymatic reduction 
system concerned with the conversion of raethemo- 
globin to hemoglobin and that the increased forma- 
tion of methemoglobin was not due to the accelera- 
tion of the oxidative process beyond the capacity 
of the normal reduction mechanism When they 
administered cobalt salts to experimental animals, 
increased levels of methemoglobin concurrent iiith 
a decrease in the oxygen-carrying capacity of the 
peripheral blood failed to appear Therefore, one 
may conclude that a probable mechanism of detoxi- 
fication for cobaltinitrite is the production and 
maintenance of methemoglobin due to the presence 
of the two different chemical ions 

In order for antidotes to work effectively, they 
should not only be capable of overcoming the toxic 
effects of the poison but also be relatively free of 
untoward effects when administered Therefore, 
acute toxicity studies with sodium cobaltinitrite 
were observed upon a limited number of mice It 
was found that the antidote produced an approx- 
imate LDso of 140 mg /Kg Ostreiko and Charaus- 
off (5) reported that the LDso of cobalt nitrate in 
rabbits xvas 60 mg /Kg , xvhile Murdock and Klotz j 
(14) found the LDso of cobalt chloride in rats to be 
approximately 8 mg /Kg 
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A Comprehensive Pharmaceutical Stability Testing 

Laboratory III* 

A Light Stability Cabinet for Evaluating the Photosensitivity 

of Pharmaceuticals 

By LEON LACHMAN, CHARLES J. SWARTZ, and JACK COOPER 


The design and utilization of a light stability cabinet for testing pharmaceuticals 
has been described. The lighting system developed for this cabinet is intended to 
simulate ordinary room illumination found in the pharmacy, home, doctor’s office, 
or in other storage areas for pharmaceuticals, but under accelerated light intensity. 
The use of this equipment eliminates the influence ot certain wavelengths in the 
ultraviolet spectrum of artificial sunlight testing equipment presently in use. Several 
representative pieces of artificial sunlight testing equipment used in the textile and 
dye industries are discussed. _ The photosensitivity of two tablet preparations 
were studied utilizing the specially designed light stability cabinet. Samples were 
stored in an open dish and in amber bottles. In one case the tablets contained a sul- 
fonamide which darkened, while the other tablets contained a benzothiadiazine 
derivative plus D&C Orange No. 3 which showed fading of the color with storage. 
It was demonstrated that the amber glass appears to inhibit the deleterious effects of 

light on the tablets. 


^ I 'he use of more complex active constituents 
-*■ and certified colorants in pharmaceutical 
dosage forms in recent years has focused in- 
creased attention on the influence of light on the 
stability of these products. As a result, manu- 
facturers of pharmaceuticals have attempted to 
utilize various exaggerated light testing tech- 
niques in an effort to predict the degree of photo- 
sensitivity for new formulations. However, 
although it is known that tests of this nature have 
become more prevalent, few reports exist in the 
literature concerning their use. This may be 
attributed to the fact that the methods employed 
were not completely satisfactory, were highly 
specific, and did not simulate the spectral energy 
distribution of ordinary room illumination. 

Because of the apparent lack of satisfactory' 
equipment for light study evaluations of phanna- 
ceuticals, an investigation was undertaken to 
develop a suitable apparatus. As a result, a 
cabinet was designed to permit the study of dos- 
age forms under illumination exhibiting a radiant 
energy distribution similar to that of ordinary 
room lighting, but under exaggerated light in- 
tensity. This paper reports on the photosensi- 
tivity of two tablet formulations, one containing 
a sulfonamide and the other a benzothiadiazine 
derivative plus D&C Orange No. 3. The samples 
were stored in the light stability cabinet so that 
the intensity of light falling on the products was 
approximately 550 foot candles. The protective 
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influence of amber glass containers on the tablets 
stored in the light cabinet was ascertained. 

PREVIOUS STUDIES 

Reports in the pharmaceutical literature concern- 
ing the influence of light on the stability of dosage 
forms are rare. Experiments performed by Amy, 
et al. (1, 2), disclosed the effects of sunlight and dif- 
fused light on various pharmaceutical ingredients 
when stored in several types of glass containers. Of 
all the commercially available glasses studied, they 
found that amber glass afforded the greatest protec- 
tion. The authors studied the deterioration of SO 
medicaments and summarized the causes as follows: 
(a) light, (6) simple volatilization, and (c) chemical 
changes produced by factors other than light. Gar- 
rett and Carper (3) reported on color stability of a 
liquid multisulfa preparation as affected by thermal 
degradation The influence of several pharmaceuti- 
cal materials on the fading of FD&C Blue No. 2 in 
solution was investigated by Kuramoto, el al. (4). 
As in the previous reference (3) however, no attempt 
was made to isolate the contribution of the light in- 
tensity factor to the overall reaction. 

Although there is a conspicuous lack of informa- 
tion concerning the light stability of pharmaceuti- 
cals, there appears to be an abundance of information 
available on the influence of light on textiles, dyes, 
and pigments (5-14). The necessity of having a 
standard light fastness test is well recognized in these 
fields. 

The most readily available source of radiant en- 
ergy is sunlight, but it is hardly necessary to point 
out the unsuitability of sunlight or daylight as a 
source of light in testing color stability. The radia- 
tion received from the sun is subject to wide varia- 
tions both in total intensity and in distribution of en- 
erg}'. Because of this, exposure tests to sunlight 
result in marked differences in relative effect for sam- 
ples exposed to this light source. It has been re- 
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ported by Appel and Smith ( 10) that by limiting the 
exposure of samples to between 9 a. m. and 3 p. m. on 
clear days, the low intensity radiation and high at- 
mospheric humidity occurring at intervals during 
continuous exposure is avoided. This, they indi- 
cate, yields data that have been shown to be gen- 
erally reproducible at different times of the year and 
in different parts of the United States. Despite the 
above effort at standardization of sunlight exposure, 
the findings of other investigators appear to be at 
variance with the findings of Appel and Smith since 
no compensation was made for the influence of 
clouds, mist, or time of year. 

Attempts to measure the energy of the sun’s rays 
(15) and to make exposures for a definite number of 
energy units were inadequate in that the following 
factors were not taken into consideration; (a) varia- 
tion of sun intensity from season to season and area 
to area, (6) daily cycles of change in temperature, (c) 
daily cycles of change in humidity, (d) variations in 
spectral character of radiation during time of expo- 
sure, (e) the influences of gases such as ozone, oxides 
of nitrogen, and sulfur, and (/) the presence of other 
atmospheric impurities. In an endeavor to concen- 
trate the sun’s rays and thereby decrease the time re- 
quired for fading exposure, lenses were utilized, 
though unsueeessfully because of the excessive heat 
developed (16). In order to eontrol, diminish, or 
eliminate the effect of these variables, various arti- 
ficial light sources have been developed with a spec- 
tral energy distribution intended to simulate that of 
direct sunlight. Sources such as carbon arcs (17, 18), 
mercury vapor lamps (19), fadeometers (6, 8, 11), 
daylight (10), and tungsten filament lamps (9, 12) 
have been used to determine the light stability of 
colored textiles, dyes, and chemicals susceptible to 
photochemical reaction. 

The most commonly used reproducible high inten- 
sity point light source is the carbon arc lamp. This 
lamp is made in three types: flame arcs, low-inten- 
sitj' arcs, and high-intensity arcs. Flame arcs may 
be open to the air or enclosed in a glass globe. They 
are arranged so that a large proportion of their radia- 
tion is derived from the flame and only a compara- 
tively small amount emitted from the tips of the 
electrodes. In all forms of carbon arc, the carbon 
electrodes burn away by oxidation and volatiliza- 
tion. In the enclosed arc, only a limited supply of 
oxygen reaches the carbons, with an ensuing burning 
rate which is very low. As a result, the enclosed 
carbon arc is the form most commonly employed in 
fading tests. This source resembles sunlight only to 
the extent that the proportion of radiant power 
emitted in the region 300-400 m/i is approximately 
the same as summer sunlight. The high intensity 
carbon arc is the nearest to noon sunlight in its spec- 
tral characteristics but this type of arc cannot be 
left to burn unattended for periods longer than a few 
hours. Since attempts are made to extrapolate one 
hundred to two hundred hours of this exposure data 
to several years, operation irregularities can cause 
large errors in extrapolated results. Further, as the 
high intensity arc lamp burns, the flame rotates 
slowly around the electrodes and, at any one time, 
the intensity of illumination on one side of the lamp 
may be three times as great as that on the opposite 
side. 

Another artificial source frequently employed 


would be mercury vapor discharge lamps, and a num- 
ber of types of electric discharge lamps have been 
used for photochemical work. In each of these units 
the discharge passes through mercury vapor and the 
spectrum of mercury, which differs according to the 
operating conditions of the lamp, is emitted. In 
addition to supplying high intensities of irradiation, 
the spectrum is relatively rich in radiation through- 
out the blue and ultraviolet region. The advantages 
of this equipment are compactness, cleanliness, uni- 
form intensity, and lower heat output for equal il- 
lumination. But the disproportionate amounts of 
ultraviolet light present in this source prevents the 
accumulation of useful information relevant to daj'- 
light fading. 

A third principle light source would be the familar 
tungsten filament lamp. It consists of a coil of tung- 
sten wire mounted in a glass bulb containing an inert 
gas. The wire is heated to incandescence by the 
passage of current and the spectrum is the usual 
continuous type characteristic of an incandescent 
body. The distribution of energy of a typical high- 
rvattage filament lamp usually commences slightly 
below 400 m/i and increases at a rapid rate from 
there. The candle power of the lamp falls slowly 
throughout its life, due to the volatilization of the 
tungsten and increased resistance of the filament. 

Cabinets for housing the light source, whatever its 
nature, are available in a multiplicity of designs. 
Numerous patents (20-24) have been issued for var- 
ious installations dependent upon the desired end 
use. The basic design consists of a housing to con- 
tain the sample at a fixed distance from a light source. 

A typical apparatus generally comprises a hollow 
cylindrical casing enclosing a source of light and hav- 
ing about its periphery a series of sample holders. 
The Fade-Ometer, a widely' employ'ed standardized 
unit, is based on this principle. In some instances, 
provisions are made for humidity and/or tempera- 
ture control, while in other cases only' the character 
of the radiation is regulated. The degree of control 
varies with the intended end use of the data ob- 
tained, but in almost all situations an attempt is 
made to extrapolate the information derived to some 
extended time interval. 

It is readily' evident from the previous sections of 
this report, that the artificial light sources described 
were intended to simulate sun illumination under 
controlled environmental conditions. Hitherto, 
consideration has not been given to the possibility of 
utilizing a high intensity light source which would 
simulate ordinary room illumination. This type of 
light source should more closely' approximate the 
spectral energy distribution falling on products kept 
in usual storage areas. Very seldom are products ex- 
posed to direct sunlight and when they' are, it is for a 
relatively short period of time. 

EXPERIMENTAL 

Description of Cabinet for Accelerated Light . 
Testing. — The magnitude of a photochemical reac- 
tion is dependent upon the amount of light energy 
absorbed by the material under study'. The energy 
E absorbed by each reacting mole of material can be 
expressed by the following equation : 

E = Nhc/\ 
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where iV is tlie Avogadro number, c the velocity of 
light, li Plunk’s constant, and X the wavelength of 
the absorbed radiation. Inserting the value N as 
6.023 X 10“, h as 6.624 X lO-^’ and c as 2.9977 X 
10"*, the energy is obtained in ergs; dividing by 4.184 
X 10'" gives the value in Kcal, 

E — 2.859 X lOyx Kcal. per mole 

It can be seen from the equation that the energy 
absorbed per mole becomes greater as the wavelength 
of the light is shortened. Therefore, the radiation 
in the ultraviolet and violet portions of the spectrum 
should be more chemically active than those of the 
longer wavelength (visible light). In general, pho- 
tochemieal activity drops off with increasing wave- 
length. 

Since most pharmaceutical preparations are usu- 
ally stored in retail pharmacies, storage areas of a 
warehouse, homes, hospitals, and doctor’s offices, the 
amount of light in the ultraviolet spectrum of sun- 
light that penetrates through the glass store front or 
window panes is substantially decreased because of 
absorption by the glass. Husa (25) indicated that 
ordinary glass absorbed the shorter ultraviolet light 
as well as the longer infrared found in sunlight. This 
would suggest that the decomposition caused by sun- 
light passing through glass would be due to visible 
light and/or the ultraviolet and infrared which are 
nearest in wavelength to visible light. 

In a report by Esselen and Barnby (26) light in- 
tensities outside and inside retail stores were meas- 
ured and compared . These readings were taken in a 
number of midwestern stores with unobstructed 
southern exposure at noon on clear days in the middle 
of June. The values obtained from such exposure 
should represent the most severe sunlight exposure 
conditions obtainable. Foot candle readings of in- 
tensity were made both inside and outside the store 
front TOth the meter pointing directly south. The 
data obtained from this study are reproduced in Ta- 
ble I. It is readily evident from the data that the 
outdoor readings were over 400 times the average 
reading taken on typical store shelves exposed to 
light of normal intensity. 

Table I. — ^Light Intensity of Typical Retail 
Store Locations® 


Average Outside 

Light Reading/ 

Intensity, Inside 

Meter Location Food candies Reading 

Outside store windows 6 , 500 
Shelves, front of store 15-30 216 to 433 

Shelves, middle of store 5-15 1 ,300 to 433 
Shelves, shaded parts of 
store 1—5 6 , 500 to 1 , 300 

o See reference 26. 

In view of the preceding discussion, it would seem 
that in order to measure the effect of light on the 
sensitivity of pharmaceuticals accurateljL a lighting 
system should be developed which simulates or- 
dinary room illumination but under accelerated light 
intensity. Through the use of such equipment the 
influence of certain wavelengths in the ultraviolet 
spectrum of artificial sunlight sources which are gen- 
erally not present in storage areas for pharmaceuti- 
cals would be eliminated. 


It is desirable to utilize high intensity light for 
studies of a photochemical nature, since the chemical 
change produced by light is generally small and de- 
velops at a slow rate. For example, it has been cal- 
culated that radiation of one candle power falling on 
1 sq. cm. corresponds to 2 X 10’'' quanta per second, 
so that this number of molecules should react per 
second. The number of moles reaeting per second per 
candle power is therefore 3.3 X lO”'" per sq. cm. of 
substance exposed to radiation (27). 

In consideration of the above, a light stability cab- 
inet was fabricated to reproduce ordinary room il- 
lumination, but under substantially intensified light. 
A brief preliminary discussion of this cabinet was 
presented in an earlier paper (28). Figure 1 gives a 
comprehensive description of this cabinet with the 
lighting system employed and its specifications. 



Fig. 1. — Comprehensive description of the lighting 
cabinet used for exaggerated light stabilitj' testing. 
A, Exhaust blower; B, slit front and rear (air sup- 
ply); C, ballast, (9) No. 89G604-G.E.-150 watts, 
each ballast is wired with (2) No. 48T12 fluorescent 
tubes; D, Alzac aluminum sheet reflector above 
lamp tubes; E, rapid start lamps, (18), No. 48T12 
CWRS, I'A inches in diameter X 48 inches long 
slant line cool white, G.E., rated for 3,250 lumens 
each 60 watt tubes. Ground tubes minimum of 
'/s to 1 inch from mounting surface. (9) G.E. No. 
605 X 91 socket, (9) G.E. No. 505 X 92 socket; 
F, (3) thermocouples on these center lines; G, Alzac 
aluminum shelf (adjustable); H, grill for air supply. 

The fluorescent tubes used are rated for 3250 
lumens each and are of the slant line cool white, rapid 
starter type. They are fabricated to give off the least 
amount of heat per foot candles of light intensity pro- 
duced. Any heat that emanates from the fluores- 
cent tubes is removed by means of a blower located 
above the ballasts containing the tubes. A curve 
representing the spectral distribution of energy in 
typical sunlight as it reaches the earth’s surface and 
in the emission of a “standard cool white’’ fluores- 
cent lamp is presented in Fig. 2. The curves have 
been adjusted so that each represents the same 
amount of light. It can be seen that the ratio of ul- 
traviolet radiation to visible light is greatest for sun- 
light and substantially less for the “standard cool 
white” lamp. Ne%'crthe!ess, it should be empha- 
sized that light intensity within buildings is many- 
fold less than in direct sunlight. 

Alzac aluminum has been used for the sample tray 
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Fig. 2. — Spectral energy distribution of sunlight 
and standard cool white fluorescent lamp ... 
Sun, standard cool white fluorescent. 


as well as behind the fluorescent tubes for reflectance 
purposes. 

The ballasts provide for proper starting voltage 
and also control the operating voltage and current in 
the tubes. 

The shelf in the cabinet is adjustable so that it can 
be moved to any desired height. This adjustment 
makes it possible to obtain variable light intensities, 
since the light intensity is apparently inversely pro- 
portional to the square of the distance. 

Through the use of this cabinet it is possible to ob- 
tain a reproducible light intensity over a definite 
spectral range at any time during the year under con- 
trolled conditions of temperature and humidity. 
This should permit the determination of the stability 
of pharmaceuticals with regard to light in a rela- 
tively short period of time. 

Description of Light Stability Cabinet for Ordinary 
Illumination. — ^This cabinet has been fabricated to 
simulate room illumination intensity and spectral en- 
ergy distribution. Samples are stored in this cabinet 
at the same time they are exposed to accelerated light 
intensity. The dimensions of this cabinet are 37 
inches high by 18 inches deep by 30 inches long. The 
light sources in this cabinet are two 8-watt and two 
15-watt fluorescent tubes which can be used inde- 
pendently or in combinations to attain the desired 
light intensity. The interior of the cabinet is painted 
a flat White for reflectance purposes. The cabinet 
permits the exposure of samples to room illumination 
under specified conditions and acts as a control for 
exaggerated intensity studies. 

The light meter employed for intensity measure- 
ments is a Gossen Tri Lux foot candle meter model C 
which has a range of measurement from 0-12,000 
foot candles. It is an incident meter measuring the 
light falling on an object. The accuracy of this 
meter is ±5% of the end scale value. 

Procedure for Testing Products. — Samples of two 
different tablet formulations, one containing a sul- 
fonamide and the other a benzothiadiazine plus D&C 
Orange No. 3 as colorant were exposed to 550 foot 
candles of light intensity. These tablets were held 
in an uncovered container and in an amber bottle. 
Refiectance measurements were performed on the 
tablets at designated time intervals utilizing a model 
DU Beckman spectrophotometer with a reflectance 
attachment. Special dies were prepared to hold the 
tablets in the reflectance attachment. Reflectance 


measurements for the sulfonamide tablet were per- 
formed at 450 m/i and for the tablet containing the 
benzothiadiazine at 500 mp. 

Results and Discussion. — The light intensity fall- 
ing on the materials being tested was maintained at a 
constant level by regular measurement with the Gos- 
sen foot candle meter followed by necessary adjust- 
ments in the shelf distance from the source of light. 
In an earlier report (28) it was shown that it is possi- 
ble to calculate the foot candles of light intensity fall- 
ing on a test material with the aid of a suitable equa- 
tion. 

A summary of the results obtained for the sul- 
fonamide tablets is presented in Table II. It is evi- 
dent from this data that the tablets darken with stor- 
age since the reflectance values decrease substan- 
tially. Visual observation of these tablets indicate 
that they have taken on a yellow-tan color. The 
darkening of the tablets can probably be ascribed to 
oxidation of the sulfonamide which is potentiated 
by the light. However, for samples stored in amber 
bottles no significant change in reflectance values 
from the original 52.6% was noted. The amber glass 
appears to protect the sulfonamide tablets from the 
harmful effects of the light in the cabinet. The data 
in this table were plotted on semilog paper and the 
curves are shown in Fig. 3. By plotting the log of the 
per cent reflectance vs. time, straight line curves are 
obtained. For the samples exposed directly to the 
intense light a curve results which has two slopes, the 
first being steeper than the second. 

The effect of light on the tablets containing the 
benzothiadiazine derivative colored with D&C 


Table II. — Influence of Accelerated Light 
Storage on the Photosensitivity of a 
Sulfonamide Tablet Formulation 


Time, Wks 

Reflectance at 450 ra/i, % 

Open Dish Amber Bottle 

0 

52.6 

62.6 

2 

41.3 

52.3 

4 

35.6 

53.6 

6 

31.7 

53.8 

8 

28.9 

52.9 

10 

25.4 


12 

23.8 

51.5 



TIME (weeks) 

Fig. 3 . — A plot showing the influence of light on 
the color stability of a sulfonamide tablet. • 
Tablets stored in amber bottle, O tablets stored in 
open dish. 




April I9f)0 


Scientific Edition 


217 


Tabde III. Influence of Accelerated Light 
Storage on the Photosensitivity op a Tablet 
Formulation Containing a Benzothiadiazine 
Derivative and D&C Orange No. 3 


Time, « — ■ — Absorbance at 500 m/c 


Wks. 

Open Dish 

Amber Bottle 

0 

0.302 

0 302 

2 

0.234 

0 302 

4 

0.212 ■ , 

0 315 

G 

0.203 

0 304 

8 

0 188 

0 312 

10 

0 19.8 

0 312 

12 

0 190 

0 309 


Orange No. 3 is shown in Table III. It can be read- 
ily seen from the data in this table that the color of 
the tablets exposed directly to the intense light fades 
significantly as indicated by an increase in reflect- 
ance values. Again, the samples stored in amber 
bottles show essentially no change with storage 
By plotting the logarithm of the absorbance vs. time, 
straight line curves are obtained as shown in Fig 4. 
The plot for the sample e.xposed directly to the in- 
tense source of light shows three different slopes. 
Since the plots are straight lines, it would seem that 
the fading follows an apparent first-order reaction. 
Between seven and eight weeks, the curve levels off 
and shows no further fading. Because of these in- 
teresting data, a more comprehensive study was in- 
itiated concerning the influence of ordinary room 
illumination and exaggerated lighting on the rate of 
fading of several commonly used certified colorants. 
The results obtained from this study will be pre- 
sented in a separate report. 

The protective characteristics of amber glass be- 
comes readily evident from the transmittance curves 
for flint and amber glass shown in Fig. 5. While 
flint glass transmits significantly from 300 ittfi, the 
amber glass does not begin to transmit to any ap- 
preciable extent until 470 m^. This would indicate 
that the energy emitted by cool white fluorescent 
lamps in the light cabinet beyond 470 m/i does not 
exert any appreciable effect on the samples tested. 
Since it is believed that reactions of particular chemi- 
cals are effected by a narrow band of wavelengths 
near the absorption maximum of the chemical (11), 
it may be anticipated that the influence of the light 
source would vary according to the effective range of 
wavelengths present. 

A more complete study on the influence of various 
colored glass and thickness on the light stability of a 
number of pharmaceutical components is under way 
and will be reported on in the near future. 

According to the data presented in this report as 
well as that obtained from additional studies per- 
formed in our laboratories, it would appear that al- 
though a relationship exists between the extent ol a 
reaction and light intensity of ordinary and exag- 
gerated illumination, this relationship is not inde- 
pendent of the materia! undergoing testing. In other 
words, the e.xaggeration produced by the high light 
intensity for one chemical could be tenfold while for 
another chemical only threefold. However, the ex- 
tent of the reaction for each chemical is generally as- 
sumed to be dependent on the product of time and 
light intensity (11). These differences in degree of 
exaggeration that are produced for different chemi- 
cals can be ascribed to several factors: (a) the wave- 



Fig. 4. — The effect of light on the fading of a tablet 
colored with D&C Orange No. 3. • Tablets stored 

in amber bottle, O tablets stored in open dish. 



Fig. 5. — Transmission curves for typical flint and 
amber glass. 


lengths of the spectrum which are absorbed, (6) the 
amount of electromagnetic radiation of a suitable 
wavelength required to cause the molecules of a 
chemical to reach its excited state, and (c) the 
amount of radiation absorbed. Therefore, it 
seems most appropriate to determine the extent of 
exaggeration of a reaction produced by the high light 
intensity employed in the light stability cabinet for 
each product studied and not attempt to apply data 
from previous tests on similar products until suffi- 
cient studies have been performed to indicate the 
feasibility of this approach. 

SUMMARY AND CONCLUSIONS 

The de.sign and application of a light stability 
cabinet for testing the photosensitivity of phar- 
maceutical products has been described. The 
lighting system employed for this cabinet is 
believed to simulate ordinary room illumination 
but under accelerated light intensity. 

Data are presented for the effect of light on the 
stability of a sulfonamide and a benzothiadiazine 
tablet formulation. The colorant used for the 
benzothiadiazine tablet was D&C Orange No. 3. 

The influence of amber glass on the light stabil- 
ity of the two tablet formulations was deter- 
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mined It was shown that although the lighting 
in the cabinet exerted significant deleterious 
effects on the color of the tablets stored in an 
open dish, these changes were virtually prevented 
when the tablets were stored in amber containers 


REFERENCES 

(1) Arny, H V , Taub, A , and Blythe, R H , Tins 
Journal, 23» 672(1934) 

(2) Arny, H V , Taub A , and Steinberg, A , tb$d , 20, 
1014(1931) 

(3) Garrett, E R, and Carper R F, ibid, 44, 515 
(1955) 

(4) Kuramoto, R , Lachnian, L , and Cooper, J , tbtd 
47, 175(1958) 

(5) Lips, H A . Paper Trade J , 120, 108(1954) 

(0) Nordhammer, G , and Gralen, N , J Soc Dyers 
Colounsls, 65, 741(1949) 

(7) Cady, W H , Am Dyestujf Rrpir , 20, 130(1931) 


(8) Cady, W H , and Appel, W D , ibid , 18, 407(1929) 

(9) Luchiesh, M , and Taylor, A H , \bid , 14, 013(1925) 

(10) Appel, W D , and Smith, W C , ibid , 17, 410(1928) 

(11) Morton, T H, J Soc Dyers Colourists, 65, 597 

(1949) 

(12) Cooper, B S , and Hawkins, F S , ifeid , 65, o 86 ( 1919 ) 

(13) VickcrstalT, T , and Tough, D , tbtd , 65, 006(19491 

(14) HadfieJd, J H , J Textile last , 18, 527(1927) 

(15) Appel, W D , Am Dyestuff Replr , 16, 715(1927) 

(16) Gordon, C , Textile Colorist, 43, 29(1921) 

(17) OJlinger, C O , Am Dyestuff Replr , 31, 23(\9A2) 

(18) Lead, W L , / Soc Dyers Colourists, 65, 723(1949) 

(19) Blajsdell, B E , ^ 65, 618(1949) 

(20) Buttolph, L J . U S pat 1,818,687, August 11, 1931 

(21) British pat 435,097, September 13, 1935 

(22) British pat 390,731, Apnl 13, 1933 

(23) British pat , 325,112, February 13, 1930 

(24) Stott, L , U S pat 1,001,332, March 27, 1928 

(26) Husa, W J , Glass Container, 7, 9(1928) 

(20) Esselen, W B , and Barnby, H A , Modern Packai 
tug, 1939, September 

(27) Glasstone, S , "Textbook of Physical Chemistry,” 
D Van Nostrand Co , Inc , New York, N Y , 1954, p 1159 

(28) Lachman, L , and Cooper, J , This Journal, 48, 
220(1959) 


A Preliminary Pharmacologic Investigation of the 
Roots of Bixa orellana^ 


By NORRIS W. DUNHAM and KENTON R. ALLARD 


Pharmacologic studies were made of a par- 
tially purified water extract of the roots of 
Bixa Orellana. Tests showed that the extract 
produces a marked depressant effect on 
voluntary activity without impairing in- 
voluntary activity. It also possesses anti- 
secretory, antispasmodic, and hypotensive 
activity. 

B ixa orellana is a plant indigenous to Central 
and South American countries This plant 
is also called Achiote and has been used as a source 
of annatto, a yellow-red pigment, which is ob- 
tained from the seeds The bush will grow to a 
height of 20 feet and is cultivated to yield the 
pigment and to serve as a wind-breaker at the 
edges of coffee and cocoa plantations So far as 
is known, there has been no previous attempt to 
extract chemical or pharmaceutical products from 
the roots. 

EXPERIMENTAL 

Extraction Procedure.— The uhole root was 
gathered, ground, and extracted in a large Soxhlet ap- 
paratus with various solvents After defatting with 
petroleum ether and ethyl ether, the sample was ex- 
tracted with 95% ethyl alcohol for twelve hours and 


the solvent evaporated spontaneously A 4% yield 
of a brown powder ivitli a melting point of 69-70 
was obtained The extraction process ii as repeated 
for twelve hours employing distilled water. The 
water was tlien evaporated with the aid of a flash 
evaporator and finally in a vacuum desiccator under 
partial vacuum A 7% j'ield of a brown ponder 
with a melting point of 180-190° was obtained 

Effects on Spontaneous Motor Activity— The 
Actophotometer (Metro Industries) iias employed 
in this study Six groups of 6 male, albino mice of 
the Rockland-Siviss strain iiere injected intraperi- 
toneally at each of 4-dose levels Thirty minutes af- 
ter injection of an aqueous solution of the water ex- 
tract, the group n as placed in the photocell activitj 
cage and their movements were recorded for the 
first five minutes only. The testing was repeated 
on different mice inj'ected mtraperitoneally with an 
aqueous solution of chlorpromazine HCl Control 
experiments were made at random times during the 
tests with intraperitoneal inj'ections of 0 2 ml of 
distilled water 

The percentage inhibitions iiere calculated and 
the EDso (effective doseso) were interpolated from a _ 
dose-response curve constructed on semilogarithmic 
paper relating log dose and percentage inhibition 
The results are shown in Table I. 

Table I — Central Nervous System Activity 
(Mice, i p.) 


♦Received Aueust 21, 1959, from the Division of Phar- 
aacy, Ferns Institute, Big Rapids, Mich 
Supported, in part, by a grant from the . 

Roots supplied by Harold Hartgerink, Holland, Mich 
Presented to the Scientific Section, A PH A , Cincinnati 
neeting, August 1959. 


Drug 

Bixa-water extract 
Chlorpromazine HCl 


Dose, 
mg '/Kg 

21 

2 


Photo 

cell 


EDso 

EDso 


Roller 

On 

Off 
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Effects on Rolling Roller Activity. — The rolling 
roller apparatus originally reported b\ Dunham and 
Miya ( 1 ) as a method for detecting nenrotoMcity has 
more rccciitlj been reported bv Kiiinard and Carr 
(2) as a method of distinguishing betneen various 
t} pes of tranquihziiig effects At a roller speed of 5 
r p in . a normal animal can maintain its equilibrium 
for an indefinite period Certain central nervous 
s\ stem depressants w ill result in the animal being un- 
able to remain on the roller for the two-imnute test 
period 

Tins testing \i as done immediatelj after removing 
the mice from the Actopliotonieter The results 
are also presented in Table I It is evident from 
the table that the dose of clilorpromazine required 
to inhibit the spontaneous motor activity by 50% 
also incapacitates the animal to the extent that it 
cannot ’■emain on the roller In contrast to this 
result, the EDso dose of the nater extract of Bixa 
does not exhibit the undesirable central nervous 
sxstem depression According to this method of 
testing, toxicity of the \i ater extract is not observed 
until the lethal dose range is reached 

Effects on Unstimulated Gastric Secretions. — A 
method similar to that reported by Risley, cl al (3), 
was followed emploj mg six albino rats per dose All 
drugs were injected mtraduodenally in a dose of 400 
mg /Kg at the time of pvloric ligations All drugs 
were administered suspended m 2% tragacanth and 
the controls received comparable amounts of the 
suspending agent onlj Five hours after the opera- 
tion, the animals were sacrificed and the gastric 
juice was collected The effects on volume, free 
acidity, and total acidity are show n m Table II 

It IS evident that the whole root and the fractions 
will inhibit the volume of gastric secretion How 
ever, only the whole root and the alcohol fraction 
ha\ e an effect on acidity 


Table II — Antisecretorv Effects 
(Rats, 400 mg /Kg , i d ) 


Drug 

Mean Vol 
Secreted 
ml 

Mean 
Free 
Acidity 
Meq /L 

Mean 
Total 
Acidity 
Meq /L 

Controls 

6 4 

41 

58 

Whole root 

3 1 

15 

32 

Water extract 

3 4 

35 

59 

Alcohol extract 

1 6 

10 

35 


Effects on Intestmal Motility, In Vitro.-— Seg 
ments of guinea pig ileum w ere suspended in a 50 ml 
aerated bath of Tyrode’s solution at 38° The spon 
taneous contractions were recorded kjmo 
graphically The addition of 50 mg of the water ex- 
tract resulted in a decrease in tonus and a cessation of 
contractions At the end of apptoximateh one 
minute, the rate and amplitude of contractions 
f returned to normal but the tonus was still decreased 
A similar pattern was noted when 100 mg doses 
I w ere added to the bath 

Effects on Blood Pressure.— Rats were anesthe- 
tized by the intraperitoneal administration of pen- 


tobarbital sodium (50 mg /Kg ) The carotid ar- 
tery was cannulatcd and connected to a mercury 
manometer with polyethylene tubing filled with a 
solution of heparin in normal saline The solutions 
of the water extract were injected into the femoral 
vein Doses of 10 mg /Kg and 25 mg /Kg re- 
sulted In transient drops in blood pressure How- 
ever. doses of 50 mg /Kg and 100 mg /Kg resulted 
m the pressure falling to 40% of normal and remain- 
ing there for an average of thirty minutes The 
pressure then gradually increased and was normal 
again after sixty to ninety minutes 

Miscellaneous CNS Testing. — Intraperitoneal 
doses of 20 mg /Kg of the water extract did not po- 
tentiate pentobarbital induced sleep time m mice 

Swmyard’s techniques (4) using maximal electro- 
shock and pentylenetetrazol were employed in 
testing the water extract for anticonvulsant prop- 
erties Intraperitoneal doses of 100 mg /Kg in 
mice did not alter the convulsions produced which 
indicates absence of anticonvulsant activity 

Acute Toxicity. — Albino male mice, 18-22 Gm of 
the Rockland Swiss strain were employed for this de- 
termination A!! animals were fasted but received 
water ad libitum for twelve hours prior to the test 
The water extract was injected intraperitoneally 
and the animals were kept under observation for 
five days since some delayed deaths were noted two 
and three days after injection At the end of this 
period, deaths were counted and the LDso was 
determined by Behrens’ method (5) The LDm 
was calculated to be 700 mg /Kg 

SUMMARY AND CONCLUSIONS 

These studies indicate the presence of phar- 
macologically active principles m the roots of 
Bt\a Orellana The water extract has a pro 
nounced depressant effect on voluntary activity 
(spontaneous motor activity) in the mouse with- 
out impairing the involuntary activity (rollmg 
roller performance) 

The intraperitoneal EDso on depressing spon- 
taneous motor activity is 21 mg /Kg as com- 
pared to the intraperitoneal LDjo of 700 mg /Kg 

This extract inhibits the volume of unstimu- 
lated gastric secretions without influencing the 
acidity It also possesses antispasmodic and 
hypotensive properties 

Anticonvulsant and potentiation of barbitu- 
rate induced sleep activities are absent 
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An Investigation of Some Pharmaceutical 
Applications of Certain Fatty Acid 
Esters of Sucrose* 

By HOWARD HOPKINSf and LA VERNE D. SMALL 

The usefulness of sucrose monomyristate and sucrose dipalmitate in formulating 
oral preparations has been studied. The monoester, being quite hydrophilic, is 
useful as an emulsifier. It is not, however, sufficiently hydrophilic to solubilize vola- 
tile oils. The diester, though water-insoluble, is dispersible in hot syrups yielding 
gel-like products suitable for use as vehicles. Although both the monoester and the 
diester are claimed to be nontoxic orally, the monoester exhibits toxic effects paren- 
terally. The intraperitoneal LDbo in the rat was determined. An improvement in the 
method of synthesis of the monoester is described. Formulations for preparation of 
the gel-like vehicles are suggested. 


T) ECENT DEVELOPMENTS in sucrochemistry 
(1-21) have made available a new group 
of compounds known as the sucrose esters of the 
higher fatty acids. More specifically, these 
substances are mono- and diacyl derivatives of 
sucrose where the acyl group contains from 12-18 
carbon atoms in the aliphatic chain (22-24). 
These new substances are nonionic, surface- 
active materials. The claim that these com- 
pounds were tasteless and nontoxic (1, 3, G-11, 
13, 14, 24-28), in contrast with hitherto available 
surfactants (26, 29-31), was suggestive that these 
new compounds might be especially useful in the 
food and pharmaceutical industries as emul- 
sifiers, solubilizers, and dispersing agents. In 
pharmaceutical practice, these esters might (a) 
aid in overcoming some of the problems 
in the solubilization of flavoring materials and 
other chemicals occurring in pharmaceutical 
products, (i) serve as emulsifying agents in 
preparing emulsions for oral and parenteral use, 
and (c) provide the basis for the development of a 
vehicle or carrier for therapeutic agents. 

This study was initiated to investigate the 
range of usefulness of certain of these compounds 
in the formulation of pharmaceutical products 
intended for oral administration. Two of these 
esters, sucrose monomyristate and sucrose dipal- 
mitate, have been studied. The latter material 
was procured from a commercial source* but the 
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former was synthesized in this laboratory using 
a modification of the procedure proposed by 
Osipow, el al. (15), Sucrose monomyristate, a 
water-soluble, nonionic surfactant, was studied 
for its ability to act as an emulsifying and 
solubilizing agent. The growth behavior of a 
number of microbial agents in solutions of sucrose 
monomyristate was examined for the purpose 
of determining whether this sugar ester would 
be readily attacked by some commonly en- 
countered types of contaminants. The intra- 
peritoneal LDso for the rat was determined for 
sucrose monomyristate. Sucrose dipalmitate, 
a water-insoluble compound, was found to be 
useful in formulating flavorable, gel-like composi- 
tions suitable as vehicles for a variety of medica- 
ments. 


FXPFRIMFNTAL 


Synthesis of Sucrose Monoester. — ^The Osipow 
procedure (15) for synthesizing the sucrose mono- 
esters involves reacting, under reduced pressure, the 
methyl ester of the appropriate fatty acid' with 
sucrose in a solvent of dimethylformamide in the 
presence of an alkaline catalyst. At completion of 
the reaction, the solvent is removed by distillation 
under reduced pressure, the residue is dissolved m 
water, and this solution is then extracted with 
1-butanol. Distillation of the 1-butanol from this 
extract leaves a residue which, on repeated reprecipi- 
tation from acetone, supposedly yields the desired 
sucrose monoester. In this laboratory, this proce- 
dure always gave final products which were bitter. 
By making the aqueous solution alkaline (pH ID 
prior to extraction with l-butanol and by extracting 
the l-butanol solution with acidulated water (pH 1)> 
a tasteless sucrose monomyristate was obtained 
in a 17% yield. It was found that the soap, present 
in the residue obtained after distillation of the 
l-butanol, could be removed from the reaction mix- 
ture residue if a sufficiently large (15 to 1) amount 
of acetone were used in the reprecipitation of sucrose 
monomyristate. At a 5-10% concentration of 
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sucrose inonomyristatc in hot acetone, the soap is 
not solubilized and may be filtered off 

Efforts to synthesize sucrose monopalmitate from 
sucrose and sucrose dipalmitate, in the manner 
suggested for an alternate procedure (15), were 
wholly unsuccessful. 

- Sucrose Monomyristate as a Solubilizer. — One- 
milHliter quantities of a number of volatile oils, such 
as orange oil, methyl salicjdate, and clove oil, were 
added to 100-ml volumes of various concentra- 
tions (1-8%) of sucrose monomyristate, agitating 
and mixing thoroughly, followed by measurement of 
the amounts of oil solubilized An aqueous 8% 
sucrose monomyristate solution was incapable of 
completely solubilizing any of the volatile oils which 
acre used. On the other hand. Tween 80’ in 8% 
concentration was capable of solubilizing these 
volatile oils in water The HLB (hj'drophihc- 
lipophilic balance) value of sucrose monomyristate, 
calculated according to the method of Griffin (32), 
is 11 7 while that of Tween 80 is 15 0 

Applewhite, ct al (33), reported that Tween 80 
would solubilize phenobarbital in water Sucrose 
monomyristate was tested for this capacity The 
test was made by adding phenobarbital in 0 1-Gm 
amounts to 5% aqueous solutions of Tween 80 and 
sucrose monomyristate to the point of saturation 
of each solution. For six hours after the addition 
of the last portions of phenobarbital to these solu- 
tions they were maintained at 25° and stirred 
mechanically The 100 ml of 5% Tween 80 solu- 
tion dissolved more than 0.5 Gm but less than 0 6 
Gm of phenobarbital The 100 ml of 5% sucrose 
'jnonomjTistate dissolved more than 0 3 Gm but less 
than 0 4 Gra. of phenobarbital Phenobarbital is 
soluble normally to the extent of 0 1 Gm in 100 ml 
of water. 

Emulsification Tests. — The “required HLB value” 
for mineral oil has been reported to be 10 5 (34), and 
12 (35) Sucrose monomyristate, with HLB value 
of 11 7, was tested for its capacity to emulsify liquid 
petrolatum. Excellent emulsions were obtained 
using as little as 0 4% of sucrose monomyristate A 
typical formulation was as follows: 


Sucrose monomyristate . 2 5 Gm 

Water. 80 0 ml 

Methyl salicylate 0 2 ml. 

Liquid petrolatum (heavy) 100 0 ml 

Sucrose. 20 0 Gm 

IVater 200 0 ml 

Liquid petrolatum (heavy) 200 0 ml 


A primary emulsion was prepared by dissolving 
the sucrose monomyristate in 80 ml of water, 
dispersing therein the methyl salicylate by mechan- 
ical stirring, adding 100 ml of liquid petrolatum 
while stirring vigorously, and finally dissolving 
the sugar in the mixture which was then forced 
J^hrough a hand homogenizer ’ The remaining 
quantities of water and liquid petrolatum were added 
alternately in small amounts to the primary emulsion 
while stirring vigorously. The resulting mixture 
was then forced through the hand homogenizer, 
obtaining thereby an excellent, very palatable, and 
quite fluid emulsion. 

The use of sucrose monomyristate as the sole 


emulsifying agent for vegetable oils, such as sesame, 
peanut, and cottonseed oil, produced less stable 
emulsions than those obtained when some sucrose 
dipalmitate was included in the formulation. Su- 
crose dipalmitate, being more lipophilic than the 
monoester, has an HLB value of 7.5 It is, therefore, 
a poor o/w emulsifier when used singly. It was 
found, for example, that an emulsion of cottonseed 
oil, capable of being autoclaved without destruction 
of the emulsion, could be prepared using a mixture 
of sucrose monomyristate and Sucrodet D-600* 
(sucrose dipalmitate) as the emulsifier. An emulsion 
for parenteral use ivould need to be sterilized. 
The following formulation yielded an emulsion, 
capable of being autoclaved, which might be useful 
in parenteral alimentation : 

Sucrose monomyristate 

Dextrose 

Water 

Sucrodet D-600 . 

Cottonseed oil 


0.-85 Gm. 
9.20 Gm. 
170 00 ml. 

0.15 Gm. 
30 00 ml. 


The sucrose monomyristate and dextrose were 
dissolved m the water, heating and stirring until 
solution was complete The Sucrodet D-600 
was similarly dissolved in the cottonseed oil. The 
hot (90°) oil solution was added slowly to the hot 
(90°) aqueous phase, stirring the mixture vigorouriy 
during the addition of the oil and for several minutes 
afterward When slightly cooled, the pH of the 
mixture was adjusted to 7 with sodium hydroxide 
solution and then forced through the hand homog- 
enizer, packaged, and autoclaved at 15-lb 
pressure for twenty minutes 
Gelled Vehicle Preparation. — ^The sucrose diesters 
are not water soluble It was found that an excellent 
dispersion of Sucrodet D-600 could be obtained in a 
syrup base This dispersion was obtained by incor- 
porating a hot (70°), alcoholic solution of the diester 
into hot (70°) syrup U S P , stirring until the mix- 
ture cooled to 40° or less When the diester content 
was about 5%, the product obtained had an oint- 
ment-like consistency It was gel-like since it had 
no noticeable tendency to flow. For purpose of 
identification in this section such "gelled” products 
are called syrup-diester dispersions 

By varying the concentration of the diester, the 
consistency of the syrup-diester dispersion may be 
controlled The composition and consistency of 
these syrup-dicster dispersions suggested their 
possible usefulness as pharmaceutical vehicles. 
These dispersions maj^ be colored and flavored to 
produce very pleasing vehicles. Such vehicles 
prepared with syrup U S. P , when exposed to the 
air, had a marked tendency to form a crystalline 
layer on the surface The replacement of a portion 
of the syrup U S P with Sorbo® (sorbitol solution, 
N F ) eliminated this problem. The basic, un- 
flavored formulation which was developed was as 
follows : 


Sucrodet D-600 

Alcohol 

Sorho 

Syrup U S P. . 


10 Gm. 
10 ml. 
.°0 mi. 
ISO ml. 


The Sucrodet D-000 and the alcohol were mixed 


’ Trademark of Atlas Powder Co , Wilmington. Del 
Arthur H. Thomas Co , Philadelphia, Pa , No 4308 S. 


* Trademark of Millmaster Chemical Corp , New York, 
N Y 


• Trademark of Atlas Powder Co , Wilmington, Del, 
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and heated to near boiling and added with vigorous 
stirring to a hot (70°) mixture of the Sorbo and 
syrup U. S. P., mixing until cool (below 40°). 

Volatile oil flavors may be incorporated into these 
gelled vehicles by adding them to the alcohol- 
Sucrodet D-600 solution If a flavored syrup is 
used, it may replace an equivalent volume of syrup 
U. S. P. For fruit-flavored products, the inclusion 
of some tartaric or citric acid is desirable. The 
gelled vehicle is adaptable to many flavor variations 

A variety of flavored gelled vehicles have been 
prepared. Some typical formulations appear in 
Table I. 


Table I. — Flavored Gelled Vehicle 
Formulations 


, 

Formulation — 


Ingredients 1 

2 

3 

4 

5 

Sucrodet D-600, Gm. 10 

10 

10 

10 

10 

Alcohol, ml. 10 

10 

10 

10 

10 

Cherry syrup, ml. 50 





Raspberry 'syrup, ml. 

50 




Chocolate syrup, ml. 


so 



Tartaric acid, Gra. 

1 




Citric acid, Gm. 




1 

Lemon oil 




q X. 

Vanillin 



q s 


Color 5. i 

q s 

q s 

q s. 

q s. 

Sorbo, ml. SO 

SO 

50 

50 

50 

Syrup U. S. P., ml. 100 

100 

100 

150 

150 


Microbiological Tests. — The fact that the sucrose 
esters contain a carbohydrate material suggested 
that preparations containing these esters might be 
prone to microbiological attack. The growth re- 
sponse of a number of frequently encountered micro- 
biological contaminants was determined in media 
containing 0.5% and 1% sucrose monomyristate. 
Both of these media were tested singly and with an 
added nitrogen source appropriate for the organism 
being tested. No attempt was made to assure 
sterility of these media, since autoclaving of the ester 
solutions might have hydrolyzed a portion of the 
material. Effort was made to minimize contamina- 
tion by sterilizing all equipment used, as well as the 
distilled water, and by carrying out all operations 
with the usual aseptic precautions observed in good 
bacteriological technique. The chemicals which 
were added to the sterile water in preparing the 
media were not sterilized. All media had pH values 
between 6 and 6. ' The inoculum in each instance, 
except for Proteus vulgaris, consisted of a suspension 
made by adding 8 ml. of sterile water to a thirty-six- ' 
hour agar-slant culture of the appropriate organism, 
and then mixing the surface growth into the water, 
as umformly as possible. The inoculum for Proteus 
vulgaris was a thirty-six-hour nutrient broth culture 
of the organism. Besides Proteus vulgaris, the other 
organisms tested for growth response were Saccharo- 
myces cerevisiae, Aspergillus niger , Bacillus suhtilis, 
Escherichia ccli, and Pseudomonas fluorescens. 
The volume of inoculum added to each 10-mI. 
sample of' medium was 0.5 ml. The inoculated 
samples were incubated for six days at a temperature 
appropriate for the organism being tested The 
results of these tests are summarized m Table II. 
The four yeast-inoculated cultures shown in Table II 
as having exhibited no growth at the end of six days 


Table II. — Six-Day Microbial Growth 
Response in Sucrose Monomyristate 
Solutions 


Sucrose Monomyristate 
Solution 

^0 S%^ ^-1.07r- 
Nitrogen Con- Coti 

Organism Source Test trol Test trol 

Saccharomyccs None — » _ _ _ 

cerevisiae HNiClO.1%, — — - - 

incubated KjHPOr 

at 27° 0.1% 

Proteus vulgaris None _ _ _ _ 

incubated Peptone 0.5% -p’' — - 

at 37° 

Aspergillus None _ _ _ _ 

niger HNrClO.1%, - - - - 

incubated KsHPOj 

at 27° 0.1% 

Bacillus subliUs None + — + ^ 

incubated Peptone 0. 5% 

at 37° 

Escherichia cell None _ _ _ ^ 

incubated (NHrizSOr 
at 37° 0. 1% 

Pseudomonas None -f- — -f ^ . 

fluorescens Peptone 0.6% + — + ^ 

incubated 
at 27° 


« No groolh ( — ). t. Growth (-|-) 


were separatelj’’ subcultured in malt extract brotli 
These subcultures were then incubated at 27° for sK 
days. At the end of this incubation period, there 
was substantial growth present in each subculture, 
indicating that the yeast organisms had survived 
in the presence of low surface tension during the 
initial six-day incubation period. 

Toxicity Tests. — Conflicting reports (1, 26, 2ri) 
without supporting experimental data, exist relative 
to the parenteral toxicity of the sucrose monoesters 
For sucrose monomyristate, the intraperitoneal 
acute toxicity determination was made using the rat 
as the test animal. The animals used were five- 
week-old. Holtzraan strain, first generation rats 
raised at the University of Nebraska. They had 
been numbered and sex separated at three weeks of 
age. Food was witheld for twenty-four hours prior 
to use; water was allowed ad libitum. A constant 
dose-volume of 10 ml. /Kg. was injected intraperi- 
toneally. Nine dosage levels were used, ranging 
from 100 mg. to 1,662 mg./Kg. All solutions in- 
jected were made isotonic by addition of sodium 
chloride as required. Five males and five females 
were injected at each dosage level, except No. 9 at 
which level five adult, unfasted, female Holtzman 
strain rats were used. After injection of the dose, 
measured to the nearest 0.01 ml., each rat was indi- 
vidually caged in a room maintained at 26-2 ( . 
deprived of water, and observed for twenty-four 
flours. The results from the injections are found m 
Table III. 

The animals in the first four groups, or dosage 
levels, shown in Table III, exhibited no apparent 
evidence of toxicity. At dosage level No. 5, the 
animals became somewhat sedated; at Nm 6 the) 
became lethargic. The animals in groups i, 8, am 
9, although lethargic, evidenced considerable dis- 
comfort. Shortly prior to death, pronounce! 
cyanosis of the feet, ears, and oral cavity developed. 
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Table III. — Summary op Mortality of Rats to 
Intraperitoneal Injection of Sucrose 
Monomyristate 


Group 

DosaRC 

level* 

No. 

of 

Elapsed Time 
Until death, hr. 

Mortality, 

No. 

ms./Kj;. 

Rats 

Min. 

Max. 

% 

1 

100.0 

10 



0 

2 

142.1 

10 



0 

3 

201.9 

10 



0 

4 

286.9 

10 



0 

6 

407.7 

10 



0 

6 

679.3 

10 

3.03 

21.07 

50 — 

7 

823. 1 

10 

1.87 

2,30 

100 

8 

1117.1 

9 

1.56 

1,93 

100 

9 

1662.0 

5 

2.13 

2.25 

100 



Death was attributed to anoxia with respiratory 
paralysis, as the heart continued to beat for a short 
time after respiration ceased. An autopsy of the 
expired animals revealed the presence of 2-5 ml. of 
pink-tinted to blood-tinted serous exudate in the 
abdominal cavity. The lungs were darker than 

• normal irith small hemorrhagic spots on the external 
surface. The blood vessels of the viscera were filled 
with dark, chocolate-colored blood. All other 
tissues and organs appeared to be essentially normal. 

" One rat in group No. 6 succumbing twenty-one 
hours after injection evidenced a sloughing of the 
peritoneum. One rat in group No, 8 survived the 
entire test period, appearing to be quite normal. 

■- After twenty-four hours, the animal w'as sacrificed 

1 and upon autopsy appeared normal in every way 

1. ^ except for some small hemorrhagic spots on the 

;; surface of the lungs. Injection into this rat must 

f have been made into the lumen of the intestine. 

This animal tvas, therefore, discarded from the 
data. 

; Sucrose monomyristate was tested in vitro for its 
ability to hemolyze rat red blood corpuscles. About 
5 ' 2 ml. of blood were drawn by intracardial puncture 

from an etherized female rat randomly selected from 
.y the unused supply of rats remaining after the intra- 
peritoneal toxicity study. One hundred units of 
. ; heparin sodium injection U, S. P, were added to this 
blood, A sample of this heparinized blood was 
placed on a microscope slide and observed through 
a microscope as a small amount of 1% solution of 
sucrose monomyristate, previously made isotonic by 
^ the addition of sodium chloride, was brought in 
contact with the blood. Hemolysis of erjrthrocytes 
occurred promptly. When a drop or two of the 1% 
solution of sucrose monomjTistate was added to 
,. about 1 ml. of the heparinized blood, the mixture 
was converted quickly into a clear, cherry-red solu- 
tion, indicating hemolysis, 

DISCUSSION 

1- r In the synthesis of sucrose monoesters by the 
/ procedure followed in this study, it has been postu- 
'■ ^ latcd (15) that the methyl ester of the fatty acid 

. / reacts quite rapidly with sucrose to form diesters. 
^ y These diesters, in the presence of a large excess of 

sucrose, react with the sucrose to yield essentially 
pure monoester material, with the 6-position of the 
® . glucose moiety of sucrose being esterified. This 

' t reaction mechanism was the basis of the unsuccessful 

• (. alternate synthesis. The reasons for this failure are 
fj not understood. The conversion of preformed 


diester and sucrose into monoester should be, 
presumably, little different from the conversion of 
dicster into monoester in the reaction sequence 
involving the methyl ester and sucrose. 

Although the sucrose monoesters have been 
reported (26, 27) as being useful as solubilizers of 
vitamins A and D, their general usefulness as 
solubilizers appears to be quite limited. Sucrose 
monomyristate was disappointing in its solubilizing 
ability. It behaved, however, in accordance with 
its calculated HLB value. 

In contradistinction to the success achieved in 
this laboratory with these sucrose esters as emulsify- 
ing agents, some workers have reported (36, 37) 
unsatisfactory results in attempts to use sucrose 
monoesters as emulsifying agents for lipid materials. 
In view of the results of the acute intraperitoneal 
toxicity test, the intravenous administration of 
emulsions containing sucrose monomyristate should 
be approached ivith caution. 

The gelled vehicles appear to be very suitable for 
the incorporation of powdered materials. These 
vehicles can be suitably flavored to meet a variety of 
demands. This dosage form may be packaged in 
collapsible tubes and could prove to be a convenience 
to parents in administering medication to children. 
In addition, the problem of spilled medicines on the 
bed linens, etc., should be minimized with such a 
gelled dosage form. These gelled vehicles developed 
from Sucrodet D-600 are seemingly quite versatile 
and could have a rather wide range of applications. 

The microbiological tests indicate that no unusual 
or extraordinary precautions against microbial 
contamination are necessary because of the inclusion 
of sucrose monomyristate in aqueous preparations 
or formulations. Spoilage, due to microbial groivth, 
of such preparations was not observed. No study 
was made relative to the problem of preserving any 
of these preparations. Although surfactants de- 
pending upon a poIyo,xyethylene grouping for ivater 
solubility have been reported (38-43) as inactivating 
phenolic types of preservatives, it has been asserted 
(28, 44) that the sucrose esters do not inactivate 
phenolic preservatives. One study (45), however, 
appears to contradict this conclusion. The matter 
of selecting suitable preservatives to use with the 
sucrose esters remains unsettled. 

The sucrose monomjTistate solutions which were 
injected intraperitoneally into rats contained, at the 
lowest toxic concentration, 10 to 20 times more 
monoester than did the emulsions prepared for 
parenteral use. The intravenous administration of 
a surfactant as a component of an emulsion system 
might be less toxic than when administered singly 
in identical concentration, due to the fact that in the 
emulsion the surfactant is part of a somewhat fixed 
system. Thus, the surfactant in an emulsion might 
not be instantly available to produce toxic effects. 
This question was not investigated. However, the 
intravenous toxicity of sucrose monomyristate 
should be determined by an animal study. 

SUMMARY 

1. An improved procedure for preparing the 
sucrose mono-fatty add esters has been de- 
veloped. This process eliminates bitter-tast- 
ing substances present in the final product pre- 
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pared by the previously recommended procedure 

2. Sucrose monomyristate has been found to 
be a poor solubilizer for essential oils, thereby 
reducing its potential usefulness in pharmaceu- 
tical formulation 

3 The sucrose esters used in this study are 
good emulsifying agents Mixtures of the mono- 
ester and diester were more suitable for emul- 
sifying vegetable oils than either of the esters 
when used singly. The mixtures may be more 
efective due to better approximation of the re- 
quired HLB of the oils Sucrose monomyristate 
produced excellent liquid petrolatum emulsions 

4 The calculated HLB values for the sucrose 
esters used in this study appear to be in agree- 
ment with experimental findings of this study 

5. Sucrose dipalmitate, Sucrodet D-600, in 
a syrup base produced an excellent semisolid, 
gelled vehicle This vehicle may be flavored 
as desired These flavored, gel-like vehicles are 


recommended as being well-suited to pediatric 
use 

6 The sucrose esters used in this study do 
not appear to favor microbial growth 

7 Intraperitoneal acute toxicity was de- 
termined for sucrose monomyristate using the 
rat The LDso was 579 mg./Kg Sucrose mono- 
myristate produced rapid hemolysis of rat blood 
lit vtlro at low concentrations. 

8 Although the sucrose fatty acid esters ma} 
have what appears to be a rather limited range 
of usefulness due to their inability to solubilize 
certain materials effectively, nevertheless, they 
do appear to be well-suited for use as emulsifying 
agents and for the preparation of inexpensive, 
flavorable, gel-like vehicles which are suitable 
for use with many therapeutic agents 

9 These new, surface-active materials ap- 
pear to possess sufficient pharmaceutical poten 
rial to warrant a complete toxicological study 
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The Effects of Tranquilizers on Bacterial 
Toxemias 1. Reserpine* 

By LEO GREENBERG, JAMES W. INGALLS, and ARTHUR G. ZUPKO 


Purified exotoxins of Clostridium tetani and Clostridium botulinum are highly lethal to 
mice. Pretreatment of experimental animals with a single, large dose of reserpine 
prior to toxin administration resulted in a highly significant prolongation of survival 
time. Similar prolongation was achieved in overwhelming infection induced with 
Dipiococa/s pneumoniae. This effect was not demonstrated with small doses of reser- 
pine administered in a divided series either prior to or concurrent with the infection. 


Tt IS a widely accepted concept today that bac- 

terial infection places a stress upon the dis- 
eased animal. In view of the potent pharma- 
cological activity of the tranquilizers in ameliorat- 
ing many of the stress factors of modern living, it 
seemed of interest to investigate what effects, if 
any, these drugs might have on disease processes 
of bacterial origin. Such studies have now been 
under way at our laboratories since 1957, and the 
present paper deals with the role of reserpine in 
some bacterial stress situations. 

Although studies of reserpine action have been 
largely confined to the area of emotional or psy- 
chological stress, several references to its role in 
physiological stress have appeared in the litera- 
ture. Thus, it is known that the drug is of value 
in protecting animals against hemorrhagic shock 

(1) , while in experimental Staphylococcus aureus 
infection it may exacerbate the infectious process 
through the depletion of 5-hydroxytryptamine 

(2) . It has also been reported that in a dose of 5 
meg., reserpine increased the toxicity of Neisseria 
gonorrhocae endotoxin for mice, while at a dose of 
2 meg., no significant effects were observed (3). 
On the other hand, a significant prolongation of 
survival time from Clostridium botulinum toxin 
ivith 10 meg. reserpine has been noted in mice (4). 

MATERIALS AND METHODS 

Male mice weighing approximately 25 Gra. wer? 
used throughout these experiments. Preliminary 
experiments with divided doses of reserpine and the 
pneumococcal studies were done with CFW and 
Rockefeller strain animals. All other data were 
derived from CFl (Carworth Farms) animals. 
Mice were caged in small groups and kept in the 
thermostatically-controlled animal house for several 
days prior to use. 

Reserpine solution' was diluted with distilled 
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water and all inoculations were made by intraperi- 
toneal injection. Except where otherwise indicated, 
the drug was injected approximately forty-five 
minutes prior to introduction of the to.xic agent. 

Tetanus toxin'* in 0.85 NaCl solution with 0.3 i/ 
glycine, an Lf. titer of 870/ml., and a mouse LDso of 
112 million was used throughout. Purified Clostri- 
dium botulimim type A Toxin’ diluted with two 
parts of glycerol and a mouse LDso of approximately 
5 X 10*/ml. was used. Toxins were stored in the 
refrigerator, the botulinus material at —20° to main- 
tain potency. All dilutions were made with sterile 
isotonic saline. Toxin injections were always in a 
volume of 0 1 ml. and were administered intraperi- 
toneally. 

Diplococcus pneumoniae strain SVI was obtained 
as a lyophilized culture from the Rockefeller Insti- 
tute and grown in brain-heart infusion broth (Difeo). 
Slants were maintained on brain heart infusion agar 
with added blood. Subculturing was done weekly 
and virulence maintained by monthly mouse jfas- 
sage. For inoculations, an eighteen-hour broth cul- 
ture containing approximately 2 X lO* organisms 
was used, injections being by the intraperitoneal 
route. 

In all experiments, paired groups of animals of the 
same weight, age, and source were used and all con- 
trol and experimental animals in axiy given run were 
inoculated within a few minutes of one another. 
None of the diluent substances used showed any 
toxicity to mice, and sterile brain heart infusion 
broth injections were shoivn to be without effect. 

RESULTS AND DISCUSSION 

Toxin Studies . — A highly significant prolongation 
of life in both tetanus and botulinus toxemia can be 
seen from the data in Table I. It will be noted, 
however, that the combination of agents used is a 
specific one — a large dose of the tranquilizer and an 
overwhelmingly lethal dose of the toxin. This 
combination was determined after preliminary 
experiments with tetanus toxin involving more than 
600 mice indicated that this approach was the most 
fruitful, yielding consistently reproducible results. 
Other approaches investigated included: 

Use of Highly Dilute Toxin . — In control animals 
it was determined that 50% of the animals in- 
jected with various dilutions of toxin died as follows: 
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Table I — Effect of Rbserpine on Survival Time from Tetanus and Botulinus Toxins 


-Treatment- 


Toxin 

Reserpine 

No of 

Mean Survival 

0 1 ml , 1 100 

mg /Kg 

Animals 

Time, mm 

Botulinus 

0 

10 

129 3 ± 6 1 

Botulinus 

2 0 

10 

163 4 ± 9 8 

Botulinus 

2 0 

10 

161 4 ± 8 6 

Tetanus 

0 

80 

151 0 ± 7 

Tetanus 

0 2 

10 

183 7 ± 39 

Tetanus 

2 0 

10 

275 3 ± 43 

Tetanus 

0 

20 

108 1 ± 5 5 

Tetanus 

2 0 

10 

226 3 ± 16 

Tetanus 

3 0 

10 

224 2 ± 17 


Significance 

Difference between control and both experimental 
groups is higlily significant, P <0.001 


Difference not significant, P >0 4 
Difference is significant, P <0.02 

Differences are both higlily significant, P <0 001 



MORTALITY, % 

Fig. 1. — Effect of reserpine on survival time from 
pneumococcal bacteremia. 


l;50,000/twenty-four hours; 1 100,000/thirty 
hours; 1: 150,000/thirty-six hours; 1 200,000/forty- 
four hours; 1 :250,000/seventy-two hours, 1-300,- 
000 /one hundred and twenty hours A single dose of 

0.1 mg./Kg. reserpine failed to show any significant 
departure from these survival figures. 

PreiTecUiiciit with Repeated Reserpine Injections . 

In 50 animals injected with 1:400,000 toxin, 54% 
■were dead within twelve hours. Daily injections of 
0 1 mg /Kg. reserpine for five days prior to toxin 
administration resulted in an apparent increased 
lethality of the toxin, 80% of the animals being dpd 
within twelve hours. Likewise, when thrw injec- 
tions of 0.1 mg./Kg. reserpine were given eight hours 
apart for twenty-four hours prior to toxin introduc- 
tion, no significant changes in survival time were 
found in groups of ten animals each at toxin dilu- 
ttons of 1 2,000; 1:5,000; 1:10,000; 1^000; 

1-50,000; 1:100,000; 1:150,000; 1:200,000, 1.- 
250,000; 1:300,000. 


Use of Repeated Post-toxin Reserpine Injections — 
Groups of ten animals were given toxin dilutions of 
1 200,000, 1 300,000; 1-400,000, and 1.500,000 
Reserpine at 0 1 mg /Kg. was given immediately 
thereafter and once daily until the death of the ani- 
mal At all levels, a trend toward increased survival 
was noted, but results were without statistical 
significance 

Pneumococcal Studies. — ^As in the case of the 
toxin studies previously outlined, the combination 
of a large dose of reserpine administered approxi- 
mately forty-five minutes prior to the introduction 
of a toxic agent of overwhelming lethality, in this 
case an undiluted broth culture of virulent pneumo- 
cocci, resulted in a iiighly significant prolongation of 
survival time A typical response is shown in Fig 1 

Use of undiluted broth culture was decided upon 
after ten weeks of preliminary testing It was 
found that the limits of survival time of mice could 
be more sharply defined when undiluted culture was 
used than when any dilution of the culture was 
employed Dilution of the culture in sterile broth 
or saline prolonged survival time compared to un- 
diluted culture, but did not prolong it reliably in 
proportion to the dilution. 

In 29 control groups of ten mice, each injected 
xvith 0 1 ml of undiluted broth culture of pneumo- 
cocci, 90 to 100% of the animals died between the 
sixteenth and forty-eighth hour. Pretreatment with 
0 2 mg /Kg. reserpine, either prior to or subsequent 
to infection, revealed no gross dexdation in survival 
patterns When the dose of reserpine was increased 
to 2 0 mg /Kg or more, significant prolongations of 
survival time could be demonstrated repeatedly, 
and apparently the extent of such prolongation is 
directly proportional to the dose employed, being 
limited at its upper limits by the toxicity of the 
reserpine itself. 

SUMMARY AND CONCLUSIONS 

1. Groups of mice were injected xvitli over- 
whelmingly lethal doses of three toxic agents, 
Clostridium tetani exotoxin, Clostridium hoiulinum 
exotoxin, and Diplococcus pneumoniae broth cul- 
ture. 

2. Pretreatment forty-five minutes prior to 
the introduction of the toxic agent xvitli a single 
dose of reserpine, 2 mg /Kg. or higher, resulted in 
highly significant prolongation of survival time 

3. Neither post-toxin treatment with reserpine 
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nor pretreatment with small dhTded doses evi- 
denced this effect in our experiments. 

4. In addition to its proved usefulness in 
emotional and psychological stress, reserpine is 
apparentl}' capable of favorabl)' influencing the 
course of bacterial stress in laboratoiy' animals. 
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Binding of Drugs by Plastics II* 

Interaction of Weak Organic Acids With Plastic Syringes 

By H. K. KIM and J. AUTIAN 

Three plastic syringes were evaluated as to their ability to bind a number of weak 
organic acids. Polyethylene and polystyrene syringes did not interact with any of 
the seven agents included in the binding study. Benzoic acid, /K-hydroxybenzoic 
acid, p-arainobenzoic acid, and salicylic acid were bound to various degrees by the 
nylon syringes. No interaction was noted with any of the syringes and acetylsalicyltc 
acid, phenoharbitai, or barbital. The degree of binding was influenced by concen- 
tration, temperature, and diffusion. 


RAPID INCREASE in the usc of plastics in 
place of glass, rubber, and metals is very evi- 
dent by observing the multitude of products now 
composed, in whole or part, of plastic. Today, in 
many instances, a plastic may be formulated to 
convey certain outstanding properties to a prod- 
uct while minimizing objectionable properties. 
The success of these plastic materials in prac- 
tically all fields has created in the minds of many 
a confidence in plastics which is a tribute to the 
scientific achievements of the plastic industry. 

It is rather unfortunate that this “confidence” 
is now engendered by certain groups in both the 
medical and pharmaceutical field. Since plas- 
tics is still relatively in its infancy in medical and 
pharmaceutical practice, it is not too surprising 
to see or hear of instances where plastic materials 
have been utilized without proper evaluation first 
taking place. Usually, there is no problem when 
an ethical pharmaceutical firm utilizes a plastic 
material for a container, syringe, or tubing, since 
extensive tests are conducted to insure that the 
plastic material has no unusual effect upon the 
specific drug system to be used in the plastic de- 
vice. Some concern, however, should be elicited 
by those clinicians or pharmacists who are, or will 
be utilizing plastic devices for various medicinal 
products, i. e., sj'ringes, tubings, etc. In this re- 
spect, Bryant and Brewer (1) have suggested 

* Rtceivcd September 10, 1959, from the College of 
Pharmacy, XJniversity of Michigan, Anti Arbor. 

. Presented to Scientific Section, A. Prr. A., Cincinnati meet- 
ing, August 1959. 

This research project tvas conducted under a grant from 
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that new to.xicity and safety tests should be initi- 
ated when disposable pharmaceutical materials 
are to be employed. 

Recently reports have appeared which point 
out some of the difficulties encountered in the 
use of plastic devices with certain medicinal prep- 
arations. 

Autian and Brewer (2) noted in their study of 
plastic-hubbed needles that a certain plastic 
formulation released a toxic constituent to saline 
solution. They further found that a solvent 
(diethyl carbonate) in a particular parenteral 
product dissolved the plastic hubs. 

In the evaluation of three types of plastic 
syringes (polyethylene, polystjTcne, and nylon) 
as to their physical compatibility with parenteral 
products, a number of incompatibilities were 
seen with the polj'Styrene but not with the 
other two plastic materials (3). 

Certain plastic tubings to be used as medical 
grade tubing were found to leach acidic constit- 
uents to drug solutions (4) . It was rather inter- 
esting to note that in certain solutions heavy 
leaching occurred; whereas in others only minor 
or no leaching occurred. 

Still another problem has been encountered 
with the use of plastics in syringes. In this case, 
Marcus, ct a!. (5), reported that nylon syringes 
bound to various degrees, a number of bacterio- 
static agents. They found that parahydro.xy- 
benzoic acid, methylparaben, propylparaben, 
sorbic acid, phenol, and 4-chloro-3-methylphcnol 
were bound by the nj'lon. 
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Even though the number of incompatibilities 
appear to be rather limited, the brief review above 
should indicate that incompatibilities may occur 
which cannot be easily detected by the clinician 
or nurse. This is especially true of those cases 
where plastic materials bind the drug and thus 
prevent the prescribed dose being administered 
to the patient. 

This paper continues the study previously re- 
ported (5) on the binding of drugs by plastics. 
In this particular study a number of weak organic 
acids was included to determine if one or more of 
the drugs would be bound by the three types of 
plastic syringes. 

EXPERIMENTAL 
Apparatus and Reagents 

Apparatus. — Beckman DU spectrophotometer; 
Beckman pH meter, model G; and constant tem- 
perature ovens. 

Plastic Syringes. — Polyethylene, Becton, Dickin- 
son and Co., Rutherford, N. J. ; polystyrene, Becton, 
Dickinson and Co.; nylon. Atlas Surgical Supplies, 
Ltd., Manchester, England, distributed in U. H by 
Child’s Surgical Supply, Inc., Pasadena, Calif. 

Reagents. — Benzoic acid, U. S. P., m-hydroxy- 
benzoic acid, p-aminobenzoic acid, N. F., salicylic 
acid, R. G., acetylsalicylic acid, U. S. P., pheno- 
barbital U. S. P., barbital N. F. 

Methods of Analysis 

Benzoic Acid, w-Hydroxybenzoic Acid and 
Salicylic Acid. — A titration procedure was employed 
to determine the quantity of these acids. A stand- 
ard barium hydroxide solution (0.05 N) was used 
as the titrant and phenolphthalein as the indicator. 

Acetylsalicylic Acid. — The quantitative analysis 
of aspirin was conducted by eraplojdng a titration 
procedure using a standard alcoholic potassium 
hydroxide solution (0.02 N) as the titrant and a- 
naphtholbenzein as the indicator. 

^-Aminobenzoic Acid. — A spectrophotometric 
method was used to determine the absorbance of p- 
aminobenzoic acid at a wave length of 270 m« and 
in a concentration of 1 mg./lOO ml. Distilled water 
was employed as a blank. 

Phenobarbital and Barbital. — Both drugs were 
assayed by a spectrophotometric method at a wave 
length of 240 m/i in a borate buffer system (pH 9.4). 
Borate buffer solution was used as the blank, and the 
concentrations employed for both barbiturates in the 
cell were adjusted to a strength of 1 rag./lOO ml. 

Binding as a Function of Concentration 

and Temperature 

Two-milliliter size syaringes were employed in this 
study with the needles removed and the tip at the 
junction of the canula and barrel fused by applica- 
tion of heat. 

The binding experiments were essentially those 
reported in a previous paper (5). Four concentra- 
tions* for each agent were prepared using double- 


1 0.001 Hf HiSOi was used to suppress hydrolysis in the 
aspirin solution. 


distilled water as the solvent. Eaeh solution \ras 
then added to each barrel, stoppered with a cork 
encased in parafilm, and stored for a period of forty- 
eight hours at a specified temperature (5, 30, and 
50° ± 1°). Three barrels were employed for each 
concentration and a control sample (in a Pyrex test 
tube). 

After the storage period, the barrels were removed - 
and the contents pooled for each ebneentration (and 
for each drug). The pooled samples were then as- 
sayed for their respective drugs and the results 
calculated as the average value for one barrel. 

Neither the polyethylene nor the polystyrene 
barrels bound, to any degree, the drugs included in 
this study. Four of the seven drugs were bound, 
to various degrees, by the nylon barrels. These were 
benzoic acid, «/-hydroxybenzoic acid, p-aminoben- 
zoic acid, and salicylic acid. Figures 1-4 relate 
the quantity of bound drug to the quantity un- 
bound. 

Acetylsalicylic acid and the two barbituric acids 
were not bound, to any extent, by the nydon barrels. 

Binding as a Function of Time 

Solutions were prepared of the eight drugs and 
placed into each type of plastic barrel, stoppered, 
and stored at 30°. Sufficient barrels were employed 
to insure that duplicate samples of each drug could 
be assayed over a period of one week. 

As before, benzoic acid, w-hydroxybenzbic acid, 
p-aminobenzoic acid, and salicylic acid were bound 
by' the nylon barrels. Figure 5 contains the results 
for the week period (in hours) e.xpressed as drug 
bound (in per cent). The nylon barrels did not 
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Fig. 1. — Binding of benzoic acid by nylon syringes. 
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UNBOUND 
(M/L X 10 <) 

Fig. 2. — Binding of >i!-hydroxybenzoic acid by nylon 
syringes. 


bind the other three drugs. None of the drugs were 
bound by either the polyethylene or polystyrene 
barrels. 

DISCUSSION 

Even though it was assumed that no binding 
would occur with either the polyethylene or poly- 
styrene barrels because of the lack of polar centers 
in the macromolecules, these two types of barrels 
were included in the study to detect if other physical 
or chemical reactions would occur. As reported, 
no such reaction was observed for any of the drugs 
included in the experiments within the one-week 
period. 

Previous investigation with nylon barrels (5) 
confirmed earlier thoughts that nylon syringes 
would bind or sorb certain drugs possessing acidic 
hydrogens. The carbonyl groups of the poly- 
amide structure would be expected to attract those 
molecules possessing proton-donating groups such 
as phenols and weak organic acids. The energy 
required for binding appears to be primarily due to 
dipole-dipole interaction between the reactants; 
however, secondary attraction forces (van der 
Walls) must contribute sufficient energy to achieve 
a stable interaction (binding). It has been pointed 
out that dipole-dipole interaction alone would not 
produce stable binding, since very polar water mol- 
ecules would also be competing ivith the acidic 
molecules for the binding sites in the polyamide (6). 
The relatively large concentration of water molecules 
to the acidic molecules would favor statistically 
the interaction of the water molecules to the negative 
sites in the polyamide. 

As may be seen from Figs. 1-5, binding occurred 
with four drugs (benzoic acid, m-hydroxybcnzoic 
acid, />-amihobenzoic acid, and salicylic acid) of 
the seven weak organic acids. In each instance. 



Fig. 3. — Binding of ^-aminobenzoic acid by nylon 
syringes. 
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Fig. d.—Binding of salicylic acid by nylon syringes. 
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Fig. 5. — Binding of drugs by nylon syringes as a 
function of time. 

concentration, temperature, and contact time were 
factors influencing the binding. 

The magnitude of binding (quantity of drug or 
agent bound) shown in this paper and a previous 
paper indicates that diffusion is taking place, since 
the quantity of drug uptake cannot be attributed 
to surface binding alone. The number of sites on 
the surface exposed to the solution is relatively 
small compared to the quantity of molecules bound. 
It may be reasonably assumed that after the surface 
sites are filled, the solution permeates into the nylon 
where new sites for binding become available. 
Since no experiments were conducted to determine 
diffusion rates, quantitative interpretation of the 
diffusion phenomena could not be given. Certain 
results, however, gave strong evidence that the 
diffusion rates could be altered by the drug or agent, 
thus increasing or decreasing the total amount of 
drug bound. 

In a previous report (5) the plot of bound agent 
vs. unbound agent resembled, to a first approx- 
imation, a Langmuir adsorption isotherm. Phenol 
and 4-chloro-3-methylphenol produced anomalous 
results which were explained on the basis that the 
two phenols were altering the structure of the 
macromolecule permitting a rapid surge of solution 
into the nylon when a certain critical concentration 
of the agent was reached. At the lower concentra- 
tion range the two phenols mentioned above were 
taken up slowly until a critical concentration was 
reached where a dramatic uptake was noted. 

In this study ni-hydrox 3 ^benzoic acid, p-amino- 
benzoic acid, and salicylic acid (at 5°) followed the 
Langmuir adsorption isotherm when plotted as 
mentioned previously (Figs. 2, 3, and 4). 

The plot for benzoic acid (Fig. 1) produced an 
S-shaped cmve for each of the three temperatures. 
No definite explanation could be given for this type 
of curve, since sufficient data were not available for 
exact interpretation. The curve shows that the 


uptake of the acid was not occurring in a smooth 
manner but rather in spurts as the concentration was 
increased. This type of curve suggests that in 
certain concentration ranges the benzoic acid had 
little difficulty reaching binding sites in the polymer. 
Once the polymer area in contact with the solution 
became saturated, no further binding could take 
place until the solution penetrated deeper into the 
plastic. When this diffusion took place a new series 
of sites became available for further binding. 

The effect of temperature on binding is readily 
seen in Figs. 1-4, an increase in temperature causing 
greater binding. It is interesting to observe that 
ivithin the forty-eight-hour period no binding oc- 
curred for m-hydroxybenzoic acid and very little 
binding for J>-aminobenzoic acid at 5°. The in- 
crease in binding at the higher temperatures for all 
the drugs was assumed to be due to an increase in 
the diffusion rate of the solution into the plastic. 

The one week’s study (Fig. 5) indicates that sig- 
nificant quantities of the agents are bound even after 
short periods of time. Salicylic acid demonstrated 
the greatest degree of binding (Figs. 4 and 5) of 
the seven acidic agents included in the stud}'. 
The esterification of the phenolic group in the sali- 
cylic acid (aspirin) obliterated this binding ability, 
probably because of the stereochemical effect. 

The lack of binding of phenobarbital and barbital 
again might best be explained on steric hindrance 
preventing proper orientation of the acidic molecule 
to the sites in the macromolecule. 

Results of the binding studies give further 
evidence that plastic materials should be thoroughly 
evaluated with the drug system to be employed or 
to be placed in contact with the plastic before routine 
use. The replacement of glass by a plastic material 
should necessitate careful considerations since 
glass has not shown the incompatibilities reported 
for plastic materials. 

SUMMARY 

1. A previous study was continued to deter- 
mine if three types of plastic syringes would bind 
seven weak organic acids. 

2. Polyethylene and polystyrene barrels did 
not bind any of the seven agents. 

3. The nylon barrel bound to various degrees, 
four of the seven agents (benzoic acid, -hydroxy- 
benzoic acid, ^-aminobenzoic acid, and salicylic 
acid). 

4. Acetylsalicylic acid, phenobarbital, and 
barbital were not bound by any of the plastic 
barrels. 

5. The degree of binding was influenced by 
concentration, temperature, and diffusion. 
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Studies on the Inhibitory Effect of Combined 
Chemical Preservatives on Saccharomyces cerevisiae* 

By H. G. OSMAN and AFAF EL-MARIAH 

The minimal concentrations (Gm./L.) of formic, salicylic, benzoic, o- and ^-chloro- 
benzoic acids, methyl-, ethyl-, propyl-, butyl esters of p-hydroxybenzoic acid, and 
sorbic acid required to inhibit the growth of Saccharomyces cerevkiae were deter- 
mined. Combinations of any two of these chemicals were also tested for the same 
action. Salicylic acid with any of the other chemicals proved to have a potentizing 
effect. Other combinations had either an additive effect or even a lesser effect than 
their components used singly. 


^T^he inhibitory effect of many chemicals on 
the growth of microorganisms has been 
studied by, many investigators. It was found 
that a chemical preservative may strongly inhibit 
the growth of certain microorganisms while 
having a lesser effect on others. Therefore, a 
mixture of two or more preservatives would have 
a wider scope of inhibition than their components 
when tested alone. This point was investigated 
by Sabalitschka (1), in 1932, who recommended 
the use of a mixture of 00 per cent ethyl ^-hy- 
droxybenzoate and 40 per cent propyl p-hydroxy- 
benzoate for the protection of foodstuffs against 
deterioration through bacterial or fungal action. 

'Schelhorn (2), in 1950, noticed that in the pres- 
ence of citric acid less benzoic acid was required 
to suppress the growth of microorganisms than 
when benzoic acid was used alone. 

Littlejohn and Husa (3), in 1935, and Schim- 
mel and Husa (4), in 195G, showed that there was 
either a definite potentizing action or an additive 
effect when mixtures of ^-hydroxybenzoates were 
used as preservatives for syrups. 

A further advantage of the combinations of p- 
hydroxybenzoic acid esters has been put forward 
by Boehm (5), in 1959, who found an increase in 
the solubilities of long-chain esters when they 
were combined together. 

In this paper, some chemical preservatives were 
studied for their inhibitory effect on the growth of 
Saccharomyces cerevisiae. All possible combina- 
tions from two preservatives were prepared and 
their inhibitory effects were studied. 

EXPERIMENTAL 

The test organism used throughout all these 
investigations was Saccharomyces cerevisiae which 
was landly offered by Dr. K. Raible of the Deutsche 
Forschungsanstalt fitr Lebensmittelchemie. All 
chemicals used were of the extra pure or A. R. 
Merck grade. 

Saccharomyces cerevisiae was cultured on a semi- 
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synthetic liquid medium containing, per L. (w/v); 
30 Gin. sucrose; 8 Gm. citric acid; 3 Gm. 
NH,H,PO,; 8.9 Gm. Na^HPO, • I 2 H 2 O; 0.1 Gm. 
CaCb; 0.5 Gm. MgSOi-TH^O; 0.1 Gm. KCl; 
1.5 Gm. Difeo peptone; and 1.5 Gm. Difeo yeast 
e.xtract. The pH of the culture medium was always 
adjusted to 4. 

The microorganism was subcultured on slopes of 
the same culture medium containing % (w/v) 2.6 
Gm. agar agar. Transference of the yeast cells was 
carried out every month. 

Sterilization of either the liquid culture medium 
or the slopes was ahvaj'S done at 6 Ib./sq. in. for 
thirty minutes. The culture tubes or flasks were 
inoculated with a forty-eight-hour old liquid in- 
oculum The volume of the inoculum was always 
2%. The cultures were incubated at 30° for one 
week. Unless otherwise specified, all experiments 
were carried out in 20-ml. test tubes containing 5 ml. 
culture medium. 

For the determination of the growth of the yeast 
cultures the method adopted by Goodwin and 
Osman (6), in 1953i was applied. The relation 
between the absorbance at 1,000 m/n and the dry 
weight of the yeast cells has been studied. It was 
found that there was a linear relationship between 
the dry weight contents of the yeast cells in the liquid 
culture media and their corresponding e.\'tinctions at 
1 M over a wide range of E values. Figure 1 illus- 
trates tills relationship. 

The E values were measured at 1 ji in order to 
exclude any absorption of light which might be due 
to any coloration of the liquid medium. Actively 
growing cultures were diluted beforehand with the 
liquid culture medium in order to obtain suitable 
readings on the Zeiss spectrophotometer model 
PMQ II. 

RESULTS AND DISCUSSION 

In order to determine the period of incubation for 
the yeast cultures, the rate of growth was measured 
daily over a period of one week. Flasks, containing 
equal amounts of tlic liquid culture medium, were 
inoculated with equal volumes (2% inoculum) of an 
actively growing forty-eight-hour old inoculum. 
The absorbance of the liquid cultures was deter- 
mined every twenty-four hour.s and the dry weight 
was calculated from the calibration curv-e. It was 
found that maximum groivth was attained at about 
the third day of incubation as can be noticed from 
Table I. 
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Fig. 1. — The calibration curve for converting 
£ (1 cm., 1 fi) of a suspension of Saccharomyces 
cerevisiae into dry weight values. 


Table I. — Rate of Growth of S cerevisiae 
Grown on a Liquid Culture Medium 


Age of 
Culture, 

Dry Wt , 

Age of 
Culture, 

Dry Wt . 

days 

mg./lOO ml. 

days 

mg /lOO ml 

1 

7 52 

5 

125 70 

2 

95.14 

6 


3 

133 70 

7 

130 18 

4 

129 70 

8 

126 02 


It was thought that a safe period of seven days 
was adequate for the yeast cultures to attain full 
growth. 

Inhibitory Effect of Preservatives When Tested 
Singly. — The following chemicals, namely formic 
(I), salicylic (II), benzoic (III), o-chlorobenzoic 
(IV), ^-chlorobenzoic (V) ^icids, methyl-(VI), 
ethyi-(VII), propyl-(VIII), and butyl-(IX) esters 
of p-hydroxybenzoic acid, sorbic acid (X), sodium 
sulfite (XI), and metabisulfite (XII) were studied 
singly for their inhibitory effect on the growth of 
Saccharomyces cerevisiae cultures. 

All the preservatives, except salicjdic acid, 
formic acid, sodium sulfite, and metabisulfite, were 
prepared as alcoholic solutions and the alcohol was 
removed by evaporation under reduced pressure. 
The others were added directly to the culture 
medium. Preliminary experiments were done by 
serial dilutions in order to determine, approximately, 
the minimal concentration at which complete 
suppression of growth takes place. Thereafter, 
narrower dilution ranges from each of the afore- 
mentioned preservatives were prepared and tested 
for their inhibitory effect. When the amount of 
growth was plotted against the concentration of 
the preservative, the exact concentration at which 
complete inhibition takes place, could be elucidated 
by extrapolating the line. 

Table II shows the minimal concentration from 
each preservative which is required to completely 
inhibit the growth of Saccharomyces cerevisiae. 

From Table II, it appears that the inhibitory 
effect increases from formic to /)-chlorobenzoic acid. 
Suppression of growth bj' />-chlorobenzoic acid was 
much greater than' o-chlorobenzoic acid. Further- 
more, the activity increases progressively from the 
methyl- to the butyl ester of ^-hydroxybenzoic acid 


Table II. — The Minimal Concentration of 
Certain Chemicals at Which Complete In- 
hibition OF Saccharomyces cerevisiae Takes Place 


Chemical Preservatives 

Minimal 
Concentration 
Required to 
Inhibit Growth 
Completely, 
Gm /L. 

Formic acid (I) 

3.389 

Salicylic acid (II) 

1.266 

Benzoic acid (III) 

0.358 

o-Chlorobenzoic acid (IV) 

1.550 

/>-Chlorobenzoic acid (V) 

0.069 

Methyl ester of p-hydroxybenzoic 
acid (VI) 

1.117 

Ethyl ester of F-hydroxybenzoic acid 
(VII) 

0.629 

Propy'I ester of ^-hydroxybenzoic 
acid (VIII) 

0.234 

Butyl ester of />-hy'droxy'benzoic acid 
(IX) 

0.101 

Sorbic acid (X) 

0.370 

Sodium sulfite (XI) 

1 250 

Sodium metabisulfite (XII) 

1 250 


and these results are in complete agreement ivitii 
those obtained by Sabalitschka in 1929 (7), Neidig 
and Burrell in 1944 (8), as well as by Barkle)' in 
1959 (9). In the case of sodium sulfite or meta- 
bisulfite, erratic results were obtained and an 
accurate determination of the minimal inhibitory 
concentration was not possible. Therefore, these 
two chemicals were e.xcluded from the e.xperiments 
carried out with combined preservatives. 

Inhibitory Effect of Combined Chemical Pie- - * 
servatives. — The previously mentioned chemicals 
were examined in combinations of two in order to 
study their inhibitory effects. In these experiments, 
half the required minimal concentration of one 
chemical plus varying concentrations of the other 
were prepared and tested for their suppressing 
effect on the growth of Saccharomyces cerevisiae. 
These varying concentrations ranged from 35, 50, 

75, and 100% of the minimal concentration. 

Out of the 10 chemicals which were tested, it was 
possible to prepare 90 binary combinations. The 
results obtained are tabulated in Table III. 

From Table III it appears that salicylic acid 
exerts a sparing effect on the amounts required 
from any of the other preservatives when combined 
with it. As an example, the combination of formic 
and salicylic acids is discussed in detail: when 50% 
of the required concentration from salicylic acid 
(0.633 Gm./L.) plus varydng concentrations from 
formic acid were used, only 0.848 Gra./L. formic 
(25% of the minimal concentration) was needed 
instead of 1.695 Gra./L. (50%) which should have 
been present if the effect of the combinations were 
only additive. Thus, a saving of at least 25 /c 
of formic acid (0.848 Gm./L.) was achieved and 
this combination proved to have a potentizmg 
action. If the case was reversed, i. e., 50% of the 
required formic acid (1.695 Gm./L.) plus varying / 
concentrations from salicylic acid were combined, 
0.633 Gm./L. salicj-lic 50% was required in order to 
inhibit the growth completely. In the latter case 
the effect of the combination was only' additive. 

The calculation of these effects can be done in 
another way similar to that employed by' Littlejohn 
and Husa (1955). 
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Table III. — The Inhibitory Action op Combined Binary Mixtures of Chemical Preservatives" 


Preservative 
With Fixed 


Conen. 

50% 

1 

11 

III 

—Preservative With Variable Conen 
IV V VI 

... % — 
vn 

Vlll 

IX 

X 

I 


<60 

<75 

<50 

<75 

<60 

<50 

<75 

<75 

<100 

II 

<25 


<25 

<25 

<25 

<25 

<25 

<25 

<25 

<87.5 

III 

<50 

<50 


<75 

<75 

<75 

<75 

<100 

<100 

<100 

IV 

<50 

<50 

<60 


<50 

<75 

<75 

<100 

<100 

<75 

V 

<50 

<50 

<75 

<50 


<75 

<75 

<75 

<75 

<75 

VI 

<50 

<50 

<75 

<50 

<’50 


<50 

<50 

<75 

<75 

VII 

<50 

<50 

<100 

<75 

<75 

<50 


<60 

<50 

<50 

VIII 

<50 

<50 

<100 

<75 

<75 

<50 

c’so 


<50 

<75 

IX 

<75 

<50 

<100 

<100 

<75 

<76 

<75 

<60 


<75 

X 

<100 

<50 

<100 

<75 

<75 

<75 

<75 

<75 

<75 



“ 100% from each preservative is the lowest concentration at which complete inhibition takes place. 


According to our results, 0.633 Gm. salicylic 
plus 0.848 Gm. formic acid should theoretically 
preserve 750 ml. of the culture medium. Experi- 
mentally, it was found that 0,633 Gm. salicylic plus 
0.848 Gm. formic acid actually preserves 1,000 ml. 
culture medium. So the potentizing effect is equal 
to [(1,000 X 100)/750] - 100 = 33.3%. In the 
case of sorbic acid, the potentizing effect would be 
[(1,000 X 100)/875] - 100 = 14.3%. 

In the same way the decrease in the effectiveness 
of some preservatives when combined can be cal- 
culated on the same lines. As an example. 1,695 
Gm. formic plus 0.2685 Gm. of benzoic acid should 
preserve 1,250 ml. culture but experimentally, it 
was found that this mixture preserved only 1,000 
ml. culture medium. Thus the decrease in the 
activity through combination = [(1,000 X 100)/ 
1,250] — 100 = —20%. In other examples where 
the combination was even less effective than the 
previous one, the combination of formic (50%) 
and sorbic acid is discussed. Formic, 1,695 Gm. 
plus 0.370 Gm. sorbic acid should preserve, 1,500 ml. 
culture medium' but, by experiment, it was found 
that it preserved only 1,000 ml. So the decrease 
in the activity through combination = [(1,000 X 
100)/1,500] — 100 = '—33.4%. It can be con- 
cluded that combination of salicylic (50%) with 
any of the following preservatives, formic, benzoic, 
3-chlorobenzoic, p-chlorobenzoic acid, methyl- 
ethyl, propyl-, and butyl esters of p-hydroxyben- 
zoic acid shows a potentizing effect of at least 
33.3%; with sorbic acid it was only 14.3%. 

Other combinations ( <50) showed an additive or, 
probably, a slight potentizing effect which has not 
been determined. Table III also contains other 
combinations ( <75, < 100) which had an inhibitory 
effect less than the additive one. Here the preserva- 
tive action was sometimes 80% and in some cases 
66.6% of the additive value. In other words, 
higher concentrations of these preservatives were 
required in order to attain complete inhibition. 


SUMMARY 


1. A method was devised for the spectro- 
photometric determination of the amount and 
rate of growth of Saccharomyces cerevisiae 
cultured in a semisynthetic liquid culture me- 
dium of pH 4. 

2. The concentrations (Gm./L.) of formic, 
salicylic, benzoic, o-chloro- and p-chlorobenzoic 
acids, methyl-, ethyl-, propyl-, butyl esters of p- 
hydroxybenzoic acid, and sorbic acid required to 
inhibit the growth of the yeast was determined. 

3. Combinations of half the required concen- 
tration of one preservative plus varying concen- 
trations of the other were also tested for their sup- 
pressive action on the growth. 

4. Combinations containing half the required 
concentration of salicylic acid plus any of the other 
preservatives proved to be more inhibitory than 
their components when tested singly. 

5. Other combinations had a merely additive 
or even a less inhibitory action than their com- 
ponents. 
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Influence of Hydrophil-Lipophil Balance on 
Ointment Bases* 

By JOHN W. RHYNE t, WILLIAM J. PAYNE, and CHARLES W. HARTMAN 


A study of the effect of the hydrophil-Hpophil balance (HLB) of ointment bases 
on tbe diffusion of water-soluble and water-insoluble drugs from the bases has been 
made. The diffusion of the drugs from bases having varying HLB values was deter- 
mined by measuring the degree of inhibition of Staphylococcus aureus on serum agar 
plates. The drug diffusion as measured by inhibition varied considerably with 
change in the HLB value of the base. Phenylethyl alcohol, tyrothricin, and grami- 
cidin gave no inhibition of Staphylococcus aureus in the concentrations used in the 
bases tested. The release of erythromycin, chlortetracycline HCl, neomycin sul- 
fate, bacitracin, and hexachlorophene from ointment bases varied considerably with 
a change in the HLB value of the base. 


^ I ’he HYDROPHIL-LIPOPHIL BALANCE System of 
classifying surface-active agents has found 
acceptance in pharmaceutical research relating 
to its applicability in the formulation of emul- 
sions. Here it is applied to ointments to de- 
termine its effect upon drug release. 

The purpose of this paper is to study the effect 
of the hydrophil-lipophil balance (HLB) of 
the base and the solubility of the medicament 
on drug release. 

Reddish and Wales (1) conducted extensive 
tests on supposedly reliable antiseptic ointments 
of the U. S. P. X and the N. F. V and were 
confronted with the fact that only six of twelve 
U. S. P. ointments and only four of fourteen 
N. F. ointments showed any antiseptic activity 
whatever against Staphylococcus aureus on 
serum agar plates. Even phenol ointment 
U. S. P., containing the antiseptic upon which 
was based the phenol coefficient system for 
evaluating the efficacy of antiseptics, was found 
to possess negligible activity. This indicated 
that the type of base employed had some definite 
influence over release of the medicament, and 
subsequent research such as that of Johnston 
and Lee (2) has usually substantiated this 
belief. 

Effects of Surface-Active Agents in Oint- 
ments. — The incorporation of emulsifying 
agents into ointment bases has been shown to 
have definite influence on their therapeutic 
performance (3, 4) and, generally speaking, 
this influence has been to improve the bases 
■with respect to release of the drug and to 
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improve the pharmaceutical elegance of the 
product. 

The HLB System. — According to Griffin 
(5) the HLB value is a numerical representa- 
tion of the size and strength of the hydrophilic 
and lipophilic groups which form the molecule 
of a substance. In general, the lower the 
HLB value of a substance, the more lipo- 
philic is that substance; whereas with 
increasing HLB values there exist increasing 
hydrophilic properties. 

The authors believe that there should be an 
optimum HLB at which the diffusion of the 
medicament from an ointment base is most 
efficacious since emulsifying agents may make the 
ointment bases more miscible with the body 
fluids, thereby exposing more surface area of the 
ointment and allowing for more effective dif- 
fusion. By a theoretical extension of the HLB. 
system, it should he possible to approximate' 
the HLB of all the components of a base, in- 
cluding the therapeutically-active ingredients 
themselves, according to their hydrophilic and 
lipophilic tendencies and their solubility in 
water or organic solvents. Then one would be 
able to formulate an ointment that has an HLB 
value nearer the ideal with regard to release of the 
drug. A variation of the HLB within an ointment 
should give a corresponding variation in the 
release of medicament from that ointment. 
Upon inunction, it is assumed that at least part 
of the ointment is emulsified with tissue fluids. 
For different HLB values the type of emulsion 
and the particle size should be different. 

To effect a practical application of this theory j 
of HLB influence on drug release from ointments, 
some simple procedure for determining the HLB 
value of the ingredients (and the effect of the 
value of the HLB of the ointment) is needed. 
Some work in this area has been done by Chun, 
el al. (G), to determine the approximate HLB 
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of various natural emulsifying agents when in 
the presence of surface-active agents of known 
HLB values Their method can be adapted to 
{ detennine the HLB of other substances as well 
By using the equation of Chun.e/ ol (6), in com- 
bination with the method of Griffin (5), the HLB 
value of an ointment formula, including all the 
constituents, might be determined and if the 
most effective HLB value for release of the par- 
ticular drug were known, the HLB could then 
be adjusted by addition of suitable surface- 
active agents of known HLB to give an ointment 
base with an HLB value suitable for optimum 
drug release. 

It is believed that drugs with different distri- 
bution coefficients in ointments with different 
HLB values would show a variation m drug re- 
lease from the bases 

An attempt will be made to ascertain how a 
variation in HLB of the base will affect the dif- 
fusion of a drug from the base In the future 
this may serve as a guide for the selection of a 
base with a definite HLB value which will give 
optimum drug release from an ointment 

EXPERIMENTAL 

Determination of Drug Release. — A modification 
of the agar plate method of the Food and Drug 
Administration (7) as described bj- Pla\co and Husa 

(8) lias employed 

Preparation of Ointments. — The primary base 
used m all ointments was white petrolatum U 
S P Using tills base, a series of HLB bases was 
prepared using emulsifying agents with HLB values 
varying from 1 8 to 17 9 Ten per cent, by weight, 
of surface-active agents of the polyoxyethylene, 
polyoxyethylene sorbitan, sorbitan senes, having 
established HLB values as shown in Table I, 
were incorporated The consistency of these bases 
shown in Table I, was checked by the U S P XV 

(9) method using a Precision Penetrometer (serial 
number 1-4, manufactured by Precision Saentific 
Co , Chicago, 111 ) It was desired to have the 
consistencies of the bases fall mthin or verv near 
the range of consistency allowed for petrolatum, 
U S P 

Inhibition studies were earned out to determine 
if the variation in consistency of the base would 
cause a difference in the degree of inhibition No 
significant difference in inhibition in the range of 
consistencies used was observed 
'' All of the drugs were incorporated into the bases 
by levigation No levigating or solubilizing agents 
Here used 

Drugs having different solubilities in water were 
chosen Thus ery thromymin, hexachlorophene, 
tSTothnein, and gramicidin are insoluble, whereas 
chlortetracvciine HCl, neomycin sulfate, and phen- 
ylcthyl alcohol are soluble m water The drugs were 
incorporated into the bases on a weight in weight 
per cent basis as foUow'S ery tbromycin 1 0, 
chlortetracy cline HCl 3 0, neomy cin sulfate 0 6, 


Table 1 — Ointment Bases, Composition 
Consistency at 26° C , and HLB Value 


Surface-Active Agents Used a ^ Lot No 

HLB' 

Consist- 
ency of 
Penetra- 
tion, 
tnm ^ 

Sorbitan trioleate 

6241A 

1 

8 

271 4 

Sorbitan sesquioleate 

6404C 

3 

7 

270 1 

Sorbitan monostearate 

6539C 

4 

7 

241 0 

Sorbitan monopalmitate 

32F 

6 

7 

265 6 

Sorbitan monolaurate 

109 

8 

6 

285 4 

Polymxyethylene sorbitan 
monostearate 

185 

9 

6 

279 6 

Polyoxyethylene sorbitan 
monooleate 

355 

10 

0 

271 0 

Poly-oxy'ethydene sorbitan 
trioleate 

297 

11 

0 

285 4 

Poiy’oxyethylene sorbitan 
monolaurate 

6508B 

13 

3 

272 7 

Poh'oxyethylene sorbitan 
monooleate 

451 

15 

0 

280 3 

Polyoxyethylene sorbitan 
monopalmitate 

185 

15 

6 

287 6 

Polyoxyethylene lauryl 
ether 

219 

16 

7 

278 0 

Polyoxyethylene stearate 5725B 

17 

9 

263 7 


<» AU ointment bases consisted of 90% petrolatum U S P 
and 10% surface active agents 

Products furnished by the Atlas Powder Co , Wilmington, 
Del 

« The HLB value is that assigned by Atlas Powder Co 
^ All consistencies represent the average value obtained by 
the U S P XV method 


hexachlorophene 0 45, tyrothricin 0 1, gramicidin 
0 05, and phenylethyl alcohol 5 0 
Controls. — Controls consisted of bases of identical 
HLB values with no medicament, petrolatum alone, 
and petrolatum with medicament All controls 
were treated m the same manner as the HLB 
ointments containing medicaments 

AH ointments were irradiated by ultraviolet 
light during the manufacturing process and then 
placed m ointment tubes which had also been 
irradiated to effect a state of near-sterihty 

RESULTS 

General. — Phenylethyd alcohol, tyrothricin, and 
gramicidin used m therapeutic concentrations 
equivalent to those commonly used in commercial 
ointments gave no significant inhibition of Staphy- 
lococcus aureus at the HLB values tested in these 
expenments 

Neomycin Sulfate. — As seen in Fig 1, neomycin 
sulfate in all three trials gave better inhibition in 
the ointments with HLB values between 8 and 16 
Therefore, neonij-cin sulfate must have diffused 
more readily between the HLB value of 8 and 16 
ChlortetracycHne Hydrochloride. — As shoivn in 
Fig 1, chlortetracycline hydrochloride gave greater 
inhibition in ointments with high HLB values 
Erythromycin. — ^As seen in Fig 2, the erythro- 
iny’cin ointments with low HLB values gai'e greater 
inhibition 

Hexachlorophene. — Figure 2 shows that for 
hexachlorophene the inhibition is almost constant 
except for two apparent peaks at HLB 8 6 and 
HLB 10 0, with the least inhibition found at HLB 
9 6 and 17 9 

AU drugs showed a decrease in inhibition at HLB 
17 9 
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Fig 1 —Inhibition of Staphylococcus aureus by Aur- 
eomycin hydrochloride and neomycin sulfate oint- 
ments with varying HLB values 



Fig 2 — Inhibition of Staphylococcus aureus by 
erythromycin and hexachlorophene ointments with 
varying HLB values 


Controls. — No inhibition was observed for the 
control ointments containing petrolatum, U S P 
and petrolatum vith the various surface-active 
agents 

It was thought that the differences in inhibition 
as shown in these experiments might be due to ex- 


perimental error, but it may be seen that in all three 
determinations for each drug the variations in 
inhibition are similar. Average curves ivere drarni 
using the three test results but variation did not 
differ significantly from the individual curves as 
shou-n by the upper and loner limits It ivas also 
considered possible that the variation in inhibition 
might be due to variation in consistency, but ex- 
periments xvith varying consistencies did not sene 
to substantiate this It is felt that factors other 
than HLB should be considered in further norl 
The distribution coefficient of the drug and the possi 
bility of iiitermolecular activity ma}' xvcll play an 
important part in the diffusion of drugs from oint- 
ment bases 


CONCLUSIONS 


The HLB of an ointment base has some 
influence on the diffusion of the medicament 
from that base Prom this work it may be 
surmised that the HLB value of an ointment 
base should be considered when attempting to 
adjust that base to increase or decrease the rate 
of drug release. Insufficient data does not 
warrant a conclusion concerning the effect of the 
solubility of the drug on release from bases 
having different HLB values. 
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The Interaction of Citrate With Aspirin 
and Benzoic Acid* 

By SANFORD BOLTON 


Solubility studies were used to determine the nature and extent of the interaction 
between sodium citrate and aspirin. Because of the complex nature of this system, 
parallel studies of the solubilizing action of sodium citrate and acetate on benzoic 
acid were made for purposes of comparison. The acetate-benzoic acid reaction 
closely followed results expected from mass law considerations over a wide con- 
centration range. However, the weak acid-citrate interactions could be described 
by the mass law only at low citrate concentrations, showing wide deviations at higher 
concentrations. It was apparent that the deviations were a function of many vari- 
ables which included changes of solubility and Ka with the nature and concentra- 
tion of the solution species. The fact that the interactions could not be rationalized 
by these changes alone at very high citrate concentrations suggested an association 
or associations among the dissolved species. 


r HAS TEEN long recognized that aspirin can be 
;oIubiHzed in aqueous solutions of citrate salts, 
ch combinations have been shown to produce 
)re stable solutions of aspirin than those ob- 
ined when solubilization is effected by other 
ses (1). Although the increase of aspirin sta- 
ity in these systems has been suggested for some 
ne, no specific investigation which could ex- 
lin this phenomenon has been reported. It 
IS the purpose of the present study to attempt 
ch an investigation. 

The experimental approach consisted of noting 
anges in the solubility and pH of saturated 
lutions of aspirin in the presence of varying 
aounts of citrate and strong base. The ob- 
rved results were to be compared with results 
pected theoretically. Possible association of 
ecies in this system, which could explain the in- 
eased stability, would be indicated by profound 
viations from expected results. Because this 
pe of interaction is very complex, parallel 
udies were made with benzoic acid. ' This acid 
IS chosen because of its structural similarity to 
pirin and because of the large quantity of data 
'ailable on the effect of environment on its ac- 
'rity in aqueous solutions. Certain concurrent 
udies were made in order to help elucidate the 
)ove reactions. These included (<i) the effect 
citric acid on the solubilities of undissociatcd 
pirin and benzoic acid, (b) salt eflects, and (c) 
le effect of concentration on the Ka values of 
trie acid. 
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/ Doosag and Bhagwat (2) had followed the interaction 
benzoic acid with citrate and acetate at low concentrations 
I order to determine dissociation constants. In the present 
,ndy, more complete data are presented at both low and 
igh salt concentrations. 


THEORY 

A paper by Higuchi, Gupta, and Busse (3) has 
described equations for the calculation of the solu- 
bility of difficultly soluble, weakly acidic drugs as a 
function of pH. Equation 1 was found to be ap- 
proximately valid for a variety of weak acids in 
solutions of constant ionic strength when 5 and 
were expressed as concentrations rather than ac- 
tivities. 

log (5 — Sc) ~ log Sc — pKa -f pH (Eq. 1) 

5 = Total solubility and Sc — solubility of un- 
dissociated acid. 

The interaction of a weak acid and weak base may 
be represented by the following equations; 

HA -h B- izjHB + A- (Eq. 2) 
K = Ka/Kb = (HB)(A-)/(HA)(B-) (Eq. 3) 
where 

Ka = (A-)(H+)/(HA) (Eq, 4) 

and 

Kb = (B~)(H+)/(HB) (Eq. 5) 

If HA represents a slightly soluble acid and if the 
system is saturated with this acid, Eq. 3 may be 
expressed as 

Ka(S.)/Kb = (HB)(A-)/(B-) (Eq. 6) 

As is the case in Eq. 1, this relationship is valid 
only when concentrations are replaced by activities. 
In dilute solutions, activity generally approximates 
concentration; but in concentrated solutions, de- 
viations from Eqs. 1 and 6 are to be expected. The 
magnitude and direction of such deviations are 
dependent, generally, on the nature of the solution 
species. 

EXPERIMENTAL 

Reagents, — Rccfystallized aspirin, m. p. 133'’; 
benzoic acid, m. p. 122'’; sodium acetate, anhvdrous; 
sodium chloride, anhydrous; sodium citrate, di- 
hydrate U. S. P.; citric acid, monohydrate U. S. P,- 
sodium hydroxide solution, carbonate free. 
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ProcediHe. — An excess of aspirin or benzoic acid 
was shaken with 10 ml of solution containing vary- 
ing amounts of the appropriate reagents in a con- 
stant temperature water bath at 30°. The aspirin 
solutions were shaken for three hours to keep hydrol- 
ysis to a minimum The benzoic acid solutions were 
shaken for twelve hours The pH of each solution, 
then, was determined by use of a Beckman model G 
pH meter, and clear aliquots were diluted with 
0.02 N hydrochloric acid for spectrophotometric 
analysis. In the salting out studies and in the 
studies concerned with the effect of citric acid on the 
solubilities of benzoic acid and aspirin, 0 02 A^ 
hydrochloric acid was added to keep dissociation of 
the acids to a minimum. 

Analysis. The peak at 273 m/i in the U V. spectra 
was used as a basis for the analysis of benzoic acid 
In the aspirin studies, the amount of salicylic acid 
formed was determined by its peak at 302 5 mp 
The minimum in the U. V. spectrum at 259 aift was 
then used to determine the amount of aspirin in 
solution. 

RESULTS AND DfSCUSSION 

Citric Acid-Aspirin and Citric Acid-Benzoic Acid 
Interactions. — The effect of citric acid on the solubil- 
ities of undissociated aspirin and benzoic acid is 
shown in Fig 1. The apparent interaction between 
these uncharged species is slight The results, how- 
ever, suggest the possibility of associations in solu- 
tions of higher pH where charged basic moieties may 
exist Kolthoff and Bosch (4) and Larsson (6) have 
noted the presence of this type of complex in the 
benzoic acid-benzoate system 



pjg 1 . — The effect of citric acid on the solubilities of 
undissociated benzoic acid and aspirin at 30°. 


Salt Effects. — The e.xtent of interaction in the 
weak base-insoluble weak acid reactions depends on 
the values of Ka, Kb, and So (Eq. 6). These values 
are greatly dependent on the nature of the ionic 
environment It is virtually impossible to de- 
termine these effects in the systems investigated in 
this report. It appears that the best approach in an 
analysis of these systems would be to use the results 
of salt effects in relatively simple systems as an 
approximation of such effects in the present investi- 
gation. 


The influence of sodium chloride on the solubil- 
ities of the weak acids is depicted in Table I and 
Fig. 2. In the case of benzoic acid, these rcsulis 
agree closely with those obtained by Kolthoff and 
Bosch (4) at 25°. 


Table I — The Effect of Sodium Chloride ox 
the Solubility or Benzoic Acid and Aspirix 
AT 30° 



Benzoic Acid 


Aspirin 

Ionic 

Solubility, 

Ionic 

Solubility^ 

Strength 

Moles/L 

Strength 

Moles/L 

0 

0 031 

0 

0 022 

0 276 

0 0271 

0 171 

0 0216 

0 650 

0 0239 

0 430 

0 0190 

0 824 

0 0211 

0 514 

0 0169 

1 12 

0 0189 

0 600 

0 0174 

1 39 

0 0171 

0 684 

• 0 0165 

1 66 

0 0159 

0 770 

0 0161 

1 93 

0 0141 

0 855 

0 0148 

2 21 

0 0125 

1 03 

0 0139 

2 49 

0 0112 

1 20 

0 0130 

2 76 

0 0102 

1 37 

0 0116 



1 54 

0 0106 



1 71 

0 0102 



1 90 

0 0086 



2 06 

0 0088 



2 40 

0 0072 



2 74 

0 0068 



3 08 

0 0051 



3 42 

0 0045 



Fig 2 — The effect of sodium chloride on the solu- 
bilities of undissociated benzoic acid and aspirin at 
30°. 


Although no studies of salt effects on Ka values 
were made in this study, a review of some pertinent 
data is included here. Riesch and Kilpatrick (G) 
and Guntelberg and Schrodt (7) have shown that 
the apparent Ka of benzoic acid increased with 
salt concentration to a maximum value of 11 9 X 
10"^ at 0.5 if sodium chloride. At higher ionic 
strengths, the Ka gradually decreased to 2 4G X 
10~^ nt 5 0 M sodium chloride 
Several investigators have published data on the 
effect of foreign neutral salts (8, 9), as well as the 
effect of acetate (10) on the Ka of acetic acid 
Again, a maximum in Ka was found to occur at 
approximately 0 5 M sodium chloride. In the pres- 
ence of sodium acetate, similar results w ere obtained, 
the maximum being dependent both on the amount 
of acetate present and on the ratio of acetate to 
acetic acid. The original publications should M 
consulted for more detail. 
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The Effect of Concentration on the Dissociation 
Constants of Citric Acid. — Adcil (11) lias demon- 
str.atcd that the app.arent values of the Ka’s for 
( citric acid increase in tlic presence of sodium chloride. 
I KolthofT and Bosch (12) sliowed tliat the Ka’s also 
I increase with the concentration of citric acid and its 
' ' corresponding potassium salts. Since their studies 
involved total citric acid concentrations which were 
comparatively small, an extension of these studies, 
with sodium citrate, to higher concentrations was 
made. The results are shown in Table 11. The 
present work was not intended to yield exact results. 
However, the values do give a good approximation 
of variation of the apparent values of the Ka’s 
with respect to concentration. The Ka’s were 
determined by potentiomctric titrations, utilizing 
the one-half neutralization point in the titration 
curv’es.- 


Table II. — Concentration Effects on the 
Dissociation Constants of Citric Acid 


Molar CoDcn. of 

Citric Acid and 

Apparent 

Dihydrogen Citrateo 

pKai 

0.0115 

3 03 

0 091 

2 97 

0.232 

2 86 

0.455 

2 79 

0.910 

2 55 

Molar Conen. of 

Dihydrogen Citrate and 

Apparent 

Monohydrogen Citrate 

pKai 

0 oil 

4 55 

0.083 

4 34 

0 221 

4 19 

0 415 

4 12 

0,835 

3 91 

Molar Conen. 

of Monohydrogen 

Apparent 

Citrate and Citrate 

pKai 

0.011 

5 89 

0.077 

5 62 

0 212 

5 36 

0.334 

5 26 

0.765 

5 13 



® a concentration of 0.0115 means that each species is 
present in approximately this concentration. 

Weak Acid-Base Interactions. — The solubility of 
aspirin and benzoic acid as a function of pH in the 
presence of various bases is shown in Figs. 3 and 4 
and Tables III and IV. (See also Tables V, VI, and 
VII.) The solid lines in Figs. 3 and 4 represent 
values calculated from Eq. 1 

The results of the solubilization of the acids by 
sodium hydroxide conform closely to the calculated 
values, showing some deviation at high concentra- 
tions 

The acetate-benzoic acid interaction also followed 
/ closely results expected from Eq 1. It may be 
( 1 noted that the position of the straight lines of slope 
; I I in Figs, 3 and 4 is determined by the "y” in- 
1 / lercept, log So - pKa. Increased ionic environment, 
I ni the acetate-benzoic acid system results in a 
simultaneous decrease in the values of log So and 
pKa for benzoic acid. This compensatory effect 
would tend to fix the position of the straight line. 

' Appropriate corrections for the effect of other ioniiation 
« "’ere made according to a method suggested by 
Rollhou and Bosch (12). 



Fig. 3. — Influence of pH on the solubility of aspirin 
in the presence of sodium hydroxide and sodium ci- 
trate at 30°. The solid line represents values calcu- 
lated from Eq. 1. 
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Table III Solubility of Aspirin as a Function Table V — Solubility of Aspirin as a Function 
OF pH AT 30° OF Sodium Citrate Concentration at 30° 


Final 

Solubility, 

pH 

Moles/ L. 

1 70“ 

0 022 

2 60“ 

0 024 

3 40 

0 036 

3 90 

0 076 

4 00 

0 079 

4 2C“ 

0 098 

4 24 

0 116 

4 30 

0 138 

4 38 

0 135 

4 47 

0 168 

4 47 

0 156 

4 5^“ 

0 180 

4 52 

0 175 

4 55 

0 212 

4 60 

0 222 

4 66 

0 261 

4 68 

0 275 

4 68 

0 244 

4 74 

0 295 

4 78 

0 372 

4 79 

0 316 

4 80 

0 352 

4 84 

0 403 

4 90 

0 458 

4 90 

0 504 

5 00 

0 554 

5 10“ 

0 610 

5 10“ 

0 610 


“ These points ^\erc omitted from Fig 3 due to spatial 
limitations 


Table IV — Solubility of Benzoic Acid as a 
Function of pH at 30° 


Final 

Solubility, 

pH 

Moles/L 

2 85“ 

0 032 

5 01 

0 239 

5 33 

0 445 

5 50 

0 630 

5 60 

0 817 

5 70 

1 027 

5 82 

1 249 

6 00 

1 600 

6 23“ 

2 no 

6 36“ 

2 470 


“ These points were omitted from Fig 4 due to spatial 
limitations 


Thus, the apparent agreement uith Eq 1 in this 
case maj^ be merely coincidental 

In the cases of the citrate-weak acid sj'stems. 
Eq 1 describes the interactions only at low citrate 
concentrations The decrease in solubihtj' at high 
citrate concentrations was not due to an insoluble 
complex as was shown hy analysis of the solid phase 
in appropriate containers 

Figures 5, 6, and 7 and Tables V, VI, and VII 
show the effect of citrate and acetate concentration 
on the solubilities of aspirin and benzoic acid The 
observed results are compared ith values calculated 
from Eq 6 

With the assumption that the ionic species in 
solution exert effects similar to sodium chloride, 
the value of Ka(5o)/Kb (Eq 6) can be approxi- 
mated and the extent of interaction calculated 
It is of interest to note that in the acetate-benzoic 


Sodium 

Citrate 

Moles/L 

Aspinn 

Solubility, 

Moles/L 

pH 

0 0034 

0 0306 

3 16 

0 0068 

0 0332 

3 39 

0 0085 

0 0407 

3 51 

0 0102 

0 0412 

3 57 

0 0136 

0 0453 

3 65 

0 0170 

0 0533 

3 83 

0 0255 

0 C646 

3 91 

0 0340 

0 0746 

4 08 

0 0425 

0 0830 

4 10 

0 0510 

0 0954 

4 18 

0 0595 

0 0993 

4 21 

0 0850 

0 135 

4 32 

0 102 

0 149 

4 40 

0 136 

0 178 

4 50 

0 1.53 

0 183 

4 53 

0 170 

0 203 

4 58 

0 204 

0 213 

4 60 

0 255 

0 243 

4 65 

0 332 

0 284 

4 79 

0 408 

0 306 

4 88 

0 510 

0 317 

4 90 

0 545 

0 343 

4 95 

0 680 

0 366 

5 06 

0 816 

0 386 

5 13 

1 090 

0 382 

5 30 

1 190 

0 379 

6 36 

1 224 

0 386 

5 38 

1 360 

0 389 

6 44 

1 530 

0 378 

6 53 

1 700 

0 354 

5 60 

1 900 

0 319 

6 72 


Table VI — Solubility of Benzoic Acid as a 
Function of Sodium Citrate Concentration 
AT 30° 

Sodium 

Benzoic Acid 


Citrate, 

Solubility, 

pH 

Moles/L 

Moles/L 

0 0136 

0 0572 

4 09 

0 0272 

0 0747 

4 30 

0 0408 

0 0917 

4 44 

0 0544 

0 105 

4 52 

0 068 

0 120 

4 60 

0 136 

0 171 

4 80 

0 204 

0 223 

4 94 

0 272 

0 246 

5 04 

0 340 

0 270 

5 11 

0 408 

0 288 

5 17 

0 476 

0 309 

5 21 

0 544 

0 316 

5 26 

0 680 

0 332 

5 33 

0 850 

0 351 

5 41 

1 190 

0 288 

5 49 

1 360 

0 231 

5 52 

1 700 

0 180 

5 61 


acid system such calculations^ yield a nearly con- ■ 
stant value for Ka(Ao)/Kb, ivhich might explain the 
near coincidence of the curves in Fig 7. 

Similar considerations may be used to appro' i- - 
mate the extent of interaction in the citrate-benzoic 
acid reaction. The value, Ka(Ao)/Kb, would be 
expected to decrease at high ionic strengths, since 
Ka and So for benzoic acid would decrease and Kb, 


’ The data used for these calculations were taken from 
references (9) and (11) as well as from the present study 
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Table VIL— Solubility or Benzoic Acid as a 
Function or Sodium Acetate Concentration 
AT 30° 


Sodium 

Benzoic Acid 


Acetate, 
Moles/ L 

Solubility, 

Molcs/L. 

pH 

0 0428 

0 0045 

4 22 

0 0713 

0 0792 

4 39 

0 143 

0 115 

4 59 

0 285 

0 106 

4 78 

0 429 

0 203 

4 88 

0 570 

0 240 

4 98 

0 713 

0 275 

5 05 

0 858 

0 295 

5 10 

1 140 

0 344 

5 21 

1 430 

0 383 

5 28 



MOLAR CONCN OF CITRATE 

Fig 5 — The effect of sodium citrate on the solu- 
bility of aspirin at 30° Observed values are com- 
pared with those calculated from Eq 6 


the third dissociation constant for citric acid,'' 
would increase The apparent decrease in the in- 
teraction at high citrate concentrations as observed 
in Figs 5 and 6 may be explained on this basis 

A further analysis of the experimental results m 
solutions of high citrate concentration can yield an 
approximate value for the third dissociation con- 
stant of citric acid In the absence of interfering 
reactions, the amount of benzoate formed would be 
equal to the amount of monohydrogen citrate in 
solution This fact, the knowledge of the amount 
of citrate added to the system, and the observed pH 
can be used to calculate the constant The X’alues 
so obtained revealed abnormally high dissociation 
consta nts at high citrate concentrations in the ben- 

1 At high concentrations of citrate, the pretiominant reac- 
tion IS benzoic acid 4- citrate* ^ benzoate ~ -h M citrate". 



Fig 6 — The effect of sodium citrate on the solu- 
bility of benzoic acid at 30° Observed values are 
compared with those calculated from Eq 6 


Q 

o 



Fig 7 —The effect of sodium acetate on the solu- 
bility of benzoic acid at 30° Observed values are 
compared with those calculated from Eq 6 


ZOIC acid interaction For example, at 1 70 il7 
citrate, the calculated value of Kaj was approxi- 
mately 2 X lO"^. If citrate ions were being used 
up in competing reactions, such as association with 
itself or other solvent species, the above observa- 
tions could be readily accounted for. 

It appears that similar considerations would 
Apply to the citrate-aspirin system due to the simi- 
larity- of the acids and the experimental results 
Since a citrate complex cannot be actually demon- 
strated, espcciallj at low concentrations, it is 
difficult to rationalize previous reports of increased 
stability of aspirin in citrate solutions 
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Table III — Solubility of Aspirin as a Function 
of pH AT 30° 


Final 

Solubility, 


pH 

Moles/L. 


1 

70“ 

0 

022 


2 

60“ 

0 

024 


3 

40 

0 

036 


3 

90 

0 

076 


4 

00 

0 

079 


4 

2C“ 

0 

098 


4 

24 

0 

116 


4 

30 

0 

138 


4 

38 

0 

135 


4 

47 

0 

168 


4 

47 

0 

156 


4 

50“ 

0 

180 


4 

52 

0 

175 


4 

55 

0 

212 


4 

60 

0 

222 


4 

66 

0 

261 


4 

68 

0 

275 


4 

68 

0 

244 


4 

74 

0 

295 


4 

78 

0 

372 


4 

79 

0 

316 


4 

80 

0 

352 


4 

84 

0 

403 


4 

90 

0 

458 


4 

90 

0 

504 


5 

00 

0 

554 


5 

10“ 

0 

610 


5 

10“ 

0 

610 


® These points were 

omitted from Fig 

3 due to spatial 


limitations 


Table IV — Solubility op Benzoic Acid as a 
Function of pH at 30° 

Final 

Solubility, 

pH 

Moles/L 

2 85“ 

0 032 

5 01 

0 239 

5 33 

0 445 

5 50 

0 630 

5 60 

0 817 

5 70 

1 027 

5 82 

1 249 

6 00 

1 600 

6 23“ 

2 110 

6 36“ 

2 470 


These points \\ere omitted from Fig 4 due to spatial 
limitation^* 


Thus, the apparent agreement with Eq 1 in this 
case may be merely coincidental 

In the cases of the citrate-weak acid systems, 
Eq 1 describes the interactions only at low citrate 
concentrations The decrease in solubility at high 
citrate concentrations was not due to an insoluble 
complex as was shown b 5 ' analysis of the solid phase 
in appropriate containers 

Figures 5. 6, and 7 and Tables V, VI, and VII 
show the effect of citrate and acetate concentration 
on the solubilities of aspirin and benzoic acid The 
observed results are compared with values calculated 
from Eq 6 

With the assumption that the ionic species in 
solution exert effects similar to sodium chloride, 
the value of Ka(5o)/Kb (Eq 6) can be approxi- 
mated and the extent of interaction calculated 
It is of interest to note that in the acetate-benzoic 


Table V — Solubility of Aspirin as a Functios 
OF Sodium Citrate Concentration at 30° 


Sodium 

Aspirin 

~ : 

Citrate. 

Solubility, 


Moles/L 

Moles/L 

pH 

0 0034 

0 0306 

3 16 

0 0068 

0 0332 

3 39 

0 0085 

0 0407 

3 51 

0 0102 

0 0412 

3 57 

0 0136 

0 0453 

3 65 

0 0170 

0 0533 

3 83 

0 0255 

0 0646 

3 91 

0 0340 

0 0746 

4 08 

0 0425 

0 0830 

4 10 

0 0510 

0 0954 

4 18 

0 0595 

0 0993 

4 21 

0 0859 

0 135 

4 32 

0 102 

0 149 

4 40 

0 136 

0 178 

4 50 

0 153 

0 183 

4 53 

0 170 

0 203 

4 58 

0 204 

0 213 

4 60 

0 255 

0 243 

4 65 

0 332 

0 284 

4 79 

0 408 

0 306 

4 88 

0 510 

0 317 

4 90 

0 .545 

0 343 

4 95 

0 680 

0 366 

5 05 

0 816 

0 386 

5 13 

1 090 

0 382 

5 30 

1 190 

0 379 

5 36 

1 224 

0 386 

5 38 

1 360 

0 389 

5 44 

1 530 

0 378 

5 53 

1 700 

0 354 

5 60 

1 900 

0 319 

5 72 

Table VI — 

-Solubility of Benzoic Acid as a 

Function of Sodium Citrate Concentration 


AT 30° 


Sodium 

Benzoic Acid 


Citrate, 

Solubility, 


Moles/L 

Moles/L 

pH 

0 0136 

0 0572 

4 09 

0 0272 

0 0747 

4 30 

0 0408 

0 0917 

4 44 

0 0544 

0 105 

4 52 

0 068 

0 120 

4 60 

0 136 

0 171 

4 80 

0 204 

0 223 

4 94 

0 272 

0 246 

5 04 

0 340 

0 270 

5 11 

0 408 

0 288 

5 17 

0 476 

0 309 

5 21 

0 544 

0 316 

5 20 

0 680 

0 332 

5 33 

0 850 

0 351 

5 41 

1 190 

0 288 

5 49 

1 360 

0 231 

5 52 

1 700 

0 180 

5 61 



- 


acid system such calculations’ 5 'ield a nearly con- 
stant value for Ka(5o)/Kb, which might explain tlic 
near coincidence of the curves in Fig 7. 

Similar considerations may be used to appro''" - 
mate the extent of interaction in the citrate-bcnzoic 
acid reaction. The value, Ka(5o)/Kb, would he 
expected to decrease at high ionic strengths, since 
Ka and So for benzoic acid would decrease and Kbi 


* The data used for these calculations vtcre taken froie 
references (9) and (11) as uell as from the present study 
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r Table VII.— Solubility of Benzoic Acid as a 
T Function of Sodium Acetate Concentration 
AT 30“ 


Sodium 

Acetate, 

^loies/L. 

Benzoic Acid 
Solubility, 
Moles/ L. 

pH 

0.0428 

0.0045 

4.22 

0.0713 

0.0792 

4.39 

0.143 

O.llS 

4.59 

0.285 

O.lOO 

4.78 

0 429 

0.203 

4.88 

0.570 

0.240 

4.98 

0.713 

0.275 

5.06 

0.S58 

0.295 

5.10 

1.140 

0.344 

5.21 

1.430 

0.383 

5.28 



Fig. 6. — The effect of sodium citrate on the solu- 
bility of aspirin at 30°. Observed values are com- 
pared with those calculated from Eq. 6. 


the third dissociation constant for citric acid,'' 
would increase. The apparent decrease in the in- 
teraction at high citrate concentrations as observed 
in Figs. 5 and 6 may be explained on this basis. 

A further analysis of the experimental results in 
solutions of high citrate concentration can yield an 
^approximate value for the third dissociation con- 
\ slant of citric acid. In the absence of interfering 
( reactions, the amount of benzoate formed would be 
^ equal to the amount of monohydrogen citrate in 
solution. This fact, the knowledge of the amount 
of citrate added to the system, and the observed pH 
can be used to calculate the constant. The values 
so obtained revealed abnormally high dissociation 
constants at high citrate concentrations in the beu- 

* li'Sh concentrations of citrate, the predominant reac- 
tion IS bcnroic acid -F citrate” h^bentoate"" -F H citrate”. 



MOLAR CONCN. OF CITRATE 

Fig. 6.— The effect of sodium citrate on the solu- 
bility of benzoic acid at 30°. Observed values are 
compared with those calculated from Bq 6 


9 

o 



Fig. 7. — The effect of sodium acetate on the solu- 
bility of benzoic acid at 30°. Observed values are 
compared with those calculated from Eq. 6. 


zoic acid interaction. For example, at 1.70 M 
citrate, the calculated value of Kas was approxi- 
mately 2 X 10~^, If citrate ions were being used 
up in competing reactions, such as association with 
itself or other solvent species, the above observa- 
tions could be readily accounted tor. 

It appears that similar considerations would 
apply to the citrate-aspirin system due to the simi- 
larity of the acids and the experimental results. 
Since a citrate complex cannot be actually demon- 
strated. especially at low concentrations, it is 
difficult to rationalize previous reports of increased 
stability of aspirin in citrate solutions 
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SUMMARY 

1 . The solubility of benzoic acid and aspirin as 
a function of pH, citrate concentration, and sod- 
ium chloride concentration has been determined 
In addition, the effect of sodium acetate on the 
solubility of benzoic acid and the effect of con- 
centration on the dissociation constants of citric 
acid were investigated. 

2. The interaction of sodium acetate and ben- 
zoic acid closely followed the law of mass action 
The citrate interactions deviated widely from 
such considerations; an actual decrease in solu- 
bility was observed at high citrate concentrations 
These results however, are to be expected if the 
effect of ionic environment is taken into con- 
sideration. 

3. Analysis of the acid-base interactions with 
the aid of other studies, pursued here and else- 


where, suggests that complexing occurs to onh 
a limited extent, if at all, except at very high 
citrate concentrations where such associations 
may play a predominant role in the interactions 


REFERENCES 


(1) Bowey, A E , Pharm J , New Zealand, 19^ 11(1957) 

(2) Doosag, S S , and Bhagwat, W V , J lnd\an Cfcfin 
Soc , 10. 225(1933) 

(3) Higuchi, T , Gupta, M , and Busse, L W , Tins 
Journal, 42, 157(1953) 

(4) Kolthoff, I M , and Bosch, W , J Phys Chem , 36, 
1685 (1932) 

(5) Lars'jon, E., phystk Chem , Aht A, 153, 4*16(1931) 

(6) Riesch, L., and Kilpatrick, M , J Phys Chem , 39, 
891(1935) 

(7) Guntelberg and Scbrodt, Z phystk Chem , 135, 393 
(1928) 

(8) Eillila, A , Acta Chem Scand , 6, 1562(1952) 

(9) Kiss, A V , and Urmancy, A , Z phystk Chem , Abt 
A, 171, 257(1935) 

(10) Cohn, E. J , Heyroth, F F , and Menkin, M F , 
J. Am Chem 5oi: , SO, 696(1928) 

(11) Aden, B . Z phystk Chem , Abt A, 187, 66(1940) 

(12) Kolthoff, I M , and Bosch, W Rec Irav chim 47, 
558(1928) 


Veratrum Alkaloids XLIII* 


The Structure of Cevadine 


By S. MORRIS KUPCHAN and ADRIANO AFONSO 


The structure of cevadine, the principal 
alkaloid of Schoenocaulon officinale A. Gray, 
has been elucidated as veracevine 3-angelate 
(III). Acylation of veracevine with a limited 
amount of 3-bromoangeloyl chloride afforded 
veracevine 3-(3’-bromoangelate) (II). The 
latter compound, on hydrogenolysis, af- 
forded veracevine 3-angelate which was 
found to be identical with cevadine. 


C evadine is the most abundant alkaloid of 
commercial veratrine, an insecticidal mix- 
ture of alkaloids obtained from the seeds of 
Schoenocaulon officinale A Gray (sabadilla seed) 
It was first isolated by G Merck (1) in 1855 
and further characterized by Schmidt and 
Eoppen (2) and by Wright and Luff (3) Wright 
and Luff hydrolyzed cevadine with dilute alco- 
holic alkali and isolated an amorphous alkamine 
and tiglic acid. Bosetti (4) and Ahrens (5) each 


* Received November 9, 1959, from the Department of 
Pharmaceutical Chemistry, University of Wisconsin, Mad- 

*^SuDOorted in part by grants from the National InsUtutes of 
Health [H-2275 (C4)J and the Wisconsin Alumni Research 

Foundation , T?',ir,rlinn C I A\res, and 

Part XLII m the senes S M Kupcnan, x. 

R H. Hensler, /. Am. Chem. Soc , in press 


reported the alkaline hydrolysis of cevadine to 
yield an amorphous alkamine and the geometnc 
isomer of tiglic acid, viz angelic acid Freund 
and Schwarz (6) hydrolyzed cevadine with hot 
concentrated alcoholic potassium hydroxide, 
obtained the crj’stalline alkamine cevine and a 
mixture of tiglic and angelic acids, and con- 
cluded that cevadine is an angelate ester of 
cevine Horst (7) disputed the latter conclusion 
on the basis of his finding that hydrolysis under 
acidic conditions gave only tiglic acid Stoll and 
Seebeck (8) hydrolyzed cevadine under somewhat 
milder alkaline conditions than those employed 
previously, obtained the crystalline alkamine 
cevagenine and angelic acid, and concluded that 
cevadine is an angelate ester of cevagenine 
Subsequent work b}' Pelletier and Jacobs ('•) 
and by our group (10) showed that saponification 
of cevadine under still milder conditions afforded 
the alkamine veracevine (I), and supported the 
view that the alkamine present in cevadine is 
veracevine. MTiile circumstantial evidence has 
made possible a tentative formulation for ce\a- 
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dine (11), tlie nature of the alkamine, the acid 
residue, and the point of attachment of the acid 
residue to the alkamine nucleus have not been 
settled unequivocally. In the present report 
evidence is presented for definite assignment of 
the veracevine 3-angelate structure (III) to 
cevadine. 

That veracevine and angelic acid are indeed 
the true components of the natural ester alka- 
loid was established by the synthesis from vera- 
cevine of an angelate ester identical with ceva- 
dine. Veracevine (I) was treated with a limited 
amount of 3-bromoangeloyI chloride (12, 13, 14) 
to 3deld veracevine 3-{3'-bromoangelate) (II), 
[a]”— 4° (ethanol). The latter compound, on 
hydrogenolysis, afforded veracevine 3-angelate 
(III), m, p. 208-209°, [a]” + 13° (ethanol). 
This product showed no depression in melting 
point on admixture with an authentic sample of 
cevadine. The infrared spectra and paper chro- 
matographic behavior of the respective samples 
were identical. 

Cevadine has been regarded as a 3-acyl deriva- 
tive of veracevine [see, e. g., (11) ] on the basis of 
our observation in October 1953 (heretofore 
unpublished) that periodic acid cleavage affords 
an amorphous product which shows no y-lactone 
absorption in the infrared. Our result indicated 
that the acyl residue blocked the Cs, Ci a-ketol 
hemiketal system toward periodic acid attack. 
However, the latter experiment did not dis- 
tinguish between a Ca and a C^ ester structure for 
cevadine. We deemed the presence of an acyl 


moiety at Ci as highly unlikely on biogenetic 
grounds, for no C.i ester has been found among 
the multitude of naturally occurring ester deriva- 
tives of the veratrum alkamines zygadenine, 
germine, or protoverine (13-19). Nevertheless, 
it was considered desirable to seek experimental 
evidence in favor of the Cs ester structure (III) 
by chromic acid titration experiments. Cevadine 
D-orthoacetate (VI) (20) demonstrated a chromic 
acid consumption which paralleled that of ceva- 
dine D-orthoacetate monoacetate (V) and indi- 
cated the presence of one secondary hydroxyl 
group. C4 was thereby excluded as a site for 
attachment of the angelate ester of cevadine, 
for a C4-attachment would leave two chromic 
acid-sensitive secondary hydroxyl groups in 
cevadine D-orthoacetate. The combination of 
the results reported herein strongly support the 
veracevine 3-angelate structure (III) for cevadine. 

EXPERIMENTAL 

Melting points are corrected for steam exposure. 
Infrared spectra were determined on a Baird model B 
double beam infrared recording spectrophotometer 
and chloroform was used as the solvent. Paper chro- 
matograms were run by the descending technique 
employing Whatman No. 1 paper. 

Veracevine 3-(3'-Bromoangelate) (II). — Verace- 
vine (1. 1.02 Gm., m. p. 220-225° (decompn.) after 
softening at 179-183°) was dissolved in pyridine (5 
cc.) and the stirred solution was treated at room tem- 
perature with 3-bromoangeloyl chloride (0.60 Gm.) 
(12). The mixture was stirred for sixteen hours, 
cooled with crushed ice, brought to pH 8 with 10% 
sodium carbonate solution, and extracted thoroughly 
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V. ith chloroform. The chloroform extract was dried 
over anhydrous sodium sulfate and evaporated under 
reduced pressure. The residue was dissolved in ben- 
zene and the solution was evaporated to dryness un- 
der reduced pressure; the procedure was repeated 
until the residue no longer smelled of pyridine. The 
brownish-yellow residue was triturated with ether 
(25 cc.) and the insoluble solid (0.36 Gm ,) identified 
as veracevine, removed by filtration. The filtrate 
was evaporated to dryness and the pale yellow residue 
(0.74 Gm ) chromatographed on Merck acid- washed 
alumina (14 Gm ) The progress of the column 
separation was followed bj' paper chromatography^ 
employing the procedure of Levine and Fischbach 
(21) [solvent system: n-butyl acetate, n-butanol, 
formic acid (25 5.1 by volume)]. Elution with 
50% benzene-chloroform (200 cc.) yielded an amor- 
phous residue (0.10 Gm.) which appeared to consist 
of a mixture of mono and diesters. Elution with 
chloroform (500 cc.) yielded veracevine (3-3'-bromo- 
angelate) (0.26 Gm ) as a pale yellow amorphous 
solid, [a]” “4° (c 1.36 ethanol) Further elution 
with 2% methanol-chloroform yielded veracevine. 

Hydrogenolysis of Veracevine 3-(3'-Bromoange- 
late) : Synthesis of Cevadine (HI). — To a suspension 
of 10% palladium on carbon (0 07 Gm ) in 95% 
ethanol (10 cc.) which had previously been saturated 
with hydrogen, was added a solution of veracevine 
3-(3'-bromoangelate) (II, 0 14 Gra.) in ethanol (4 
cc.) containing anhydrous sodium acetate (0.07 
Gm.). Hydrogenation was allowed to proceed at 
room temperature and atmospheric pressure until 
one mole equivalent of hydrogen had been consumed 
(ca. three minutes) The catalyst was removed by 
filtration, washed with ethanol (10 cc ), and the fil- 
trate evaporated to dryness under reduced pressure. 
The residue was suspended in ice water (2 cc.), made 
alkaline with 10% sodium carbonate solution, and 
extracted with chloroform. The chloroform extract 
was dried over anhydrous sodium sulfate and evapo- 
rated under reduced pressure to yield a resin (0 12 
Gm.) which was crystallized from acetone-water to 
yield cevadine (85 mg.), m p 208-209°, [a]” 
-)-13° (c 0.92, ethanol). The melting point w'as not 
depressed on admixture with an authentic sample of 
cevadine. The infrared spectra and paper chro- 
matographic behavior of the respective samples 
were identical. 

Periodic Acid Oxidation of Cevadine. — Cevadine 
(III, 2 Gm.), m. p. 208-210°, dissolved in methanol 
(25 cc.) and water (25 cc.), W'as treated with periodic 
acid (1 Gm.). After twenty hours at room tempera- 
ture, the solution was concentrated under reduced 
pressure to remove the methanol. Ammonium h 3 '- 
droxide was added to pH 9 and the solution extracted 
repeatedly with chloroform. Thechloroform solution 


Table I. — Chromic Acid Titrations 


Alkaloid 


Oxygen Equivalents 
Consumed, hr 
1 2 3 


Cevadine orthoacetate acetate 
(V) 0.83 0.93 0 93 

Cevadine orthoacetate (VI) 0.85 0.95 0.95 


was concentrated to about 50 cc., whereupon a color- 
less solid separated. The solid was filtered, iden- 
tified as ammonium periodate, and rejected. The 
chloroform filtrate was evaporated to dryness, where- 
upon a colorless amorphous alkaloidal residue was 
obtained. The residue resisted all attempts at crys- 
tallization. The infrared spectrum of the material 
showed a broad (carbonjd) band in the region of 
5.81-5.90 II, but no absorption in the 5.00 to 5 80 
region. 

Chromic Acid Titrations. — The method described 
in Part XXXVIII (22) was used. Cevadine 
D-orthoacetate 4-acetate (V) (“monoacetyd-anhj’dro- 
cevadin”), m. p. 280-281° (decompn.), [a]” + 72° 
(c 0 95, chf.), and cevadine D-orthoacetate (VI) 
(“anhydrocevadin”), m. p. 214-215° (decompn ), 
[“]” -f97° (c 0.98, ethanol), were prepared accord- 
ing to the procedures of Stoll and Seebeck (20). The 
results obtained on chromic acid titration of the lat- 
ter compounds are summarized in Table I. 
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Some Pharmaceutical Properties of Novobiocin* 


By JOHN D. MULLINS and THOMAS J. MACEK 

Novobiocin JCathomycin) is an antibiotic produced in nutrient media by Strepto- 
myces spheroides. Physical characteristics of the amorphous acid form of novo- 
biocin were studied. The amorphous acid is biologically active, but proved meta- 
stable in aqueous suspension, reverting on standing to a less soluble, inactive crystal- 
line form. Several distinct steps were identified during the process of reversion; 
the rate of reversion was found to he temperature dependent. Methods for sup- 
pressing crystallization of thy amorphous acid are discussed. The properties of 
amorphous calcium novobiocin in formulation of aqueous suspensions were studied. 


T^Tovobiocin is an antibiotic substance pro- 

^ duced in nutrient media by Slrcptomyccs 
spheroides. Several authors have described its 
chemical, microbiological, and pharmacologic 
properties (1-7). 

The antibiotic normally is produced as the 
crystalline monosodium salt. This form is 
absorbed following oral or parenteral administra- 
tion and is effective against strains of Streptococ- 
cus, Staphylococcus, Proteus, Diplococcus, and 
Pasturella. Staphylococci seem to be partic- 
ularly sensitive, as are several strains of penicil- 
lin-resistant Streptococci. 

Novobiocin usually occurs as a white to cream- 
colored amorphous solid or a pale yellow crys- 
talline solid, melting at 153 to 158°, with de- 
composition. The antibiotic is a weak dibasic 
acid having pK values of 3.8 and 9.4. It is 
soluble in methanol, ethanol, butanol, acetic 
acid, and dioxane; it is insoluble, or only slightly 
soluble, in ether, benzene, carbon tetrachloride, 
and chloroform. Although novobiocin acid is 
insoluble in water, both the mono and disodium 
salts are very soluble, but the rate of solution is 
quite slow. 

Solutions of monosodium novobiocin are 
slightly alkaline and are incompatible with acids 
and acid salts. The antibiotic forms essentially 
insoluble salts with heavy metal ions. Insoluble 
salts are also formed by reaction with several 
amines such as procaine, phenylethylamine, mor- 
pholine, and N,N'-dibenzylethylenediamine. 
Novobiocin also forms insoluble salts with basic 
antibiotics such as streptomycin, neomycin, 
and kanamycin. Several of these have been 
prepared and characterized (8). 

In 0.1 N sodium h)'droxide solution novo- 
biocin exhibits an absorbance ma.ximum at 307 

* Received August 21, 1959, from Merck Sharp and Dohme 
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m/i with £(1%, 1 cm.) = GOO. In phosphate 
buffer at pH 7.0 the absorbance maximum occurs 
at 305 mil with £(1%, 1 cm.) = 343. In acidic 
methanol (0.1 N hydrochloric acid in 90% meth- 
anol) the absorbance maximum occurs at 305 m/i 
with £(1%, 1cm.) = 384. 

Novobiocin is optically active showing the 
following rotational characteristics : 

(otJif = —44° (C = 1%, pyridine) 
la]°D = —29° (C = 1%, 1 JV sodium hydroxide) 

Titration curves for monosodium novobiocin 
with citric acid and with hydrochloric acid are 
shown in Fig. 1. 


NOVOBIOCIN CONCENTRATION 2 5 V. 



MILLILITERS OF ACID 
Fig. 1. — Novobiocin titration. 


EXPERIMENTAL 

Crystalline and Amorphous Novobiocin. — When 
an aqueous solution of the sodium salt is acidified 
novobiocin acid is usually obtained as an amorphous 
precipitate. However, the amorphous solid is meta- 
stable and is readily converted to a more stable 
crystalline form. The rate of conversion is tempera- 
ture dependent and proceeds quite rapidly at higher 
temperatures. 

Apart from the more obvious physical differences 
between crystalline and amorphous forms, an im- 
portant though unexpected difference has been ob- 
served in biological availability. The crystalline 
acid is poorly absorbed and does not produce ther- 
apeutically adequate systemic levels of novobiocin 
following oral administration. The amorphous acid, 
on the other hand, is readily absorbed and is thcr- 
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apeuticallj' active. This difference in availability 
was thought to be related to differences in solubility 
in water and aqueous systems. Experiments to 
test the h 3 ’pothesis were performed by shaking an 
excess of crj’stalline or amorphous novobiocin acid, 
both essentiall}' less than 10 m in particle size, with 
400 ml. of 0.1 N hydrochloric acid at 25°. At 
hourly intervals samples were taken; ultraviolet 
absorbance was measured after filtration. When it 
became available, the same experiment was per- 
formed with amorphous calcium novobiocin. This 
salt was later found to be biologically active although 
not particularly soluble. 

The data in Fig. 2, corrected for volume changes, 
indicate that both amorphous novobiocin acid and 
the amorphous calcium salt exhibited greater absorb- 
ance as a function of time than did the crystalline 
solid. This was interpreted to mean that the amor- 
phous solids were at least tenfold more soluble in 0.1 
JV hj'drochloric acid than was the crj'Stalline solid. 
This difference in solubility might be expected to 
favor the absorption of the amorphous solid from 
the gastrointestinal tract. 

Data shelving differences in novobiocin plasma 
levels in dogs following oral administration of 12.5 
mg./Kg. of each of amorphous novobiocin, amor- 
phous calcium novobiocin, and crj'Stalline novobio- 
cin are shown in Table I. 

Blood levels obtained with the sodium salt as a 
control, are also shown. Satisfactory absorption of 
the monosodium salt suggests that the free acid 
formed when this salt enters the stomach is either 
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CALCIUM NOVOBIOCIN MICRONIZED 


AMORPHOUS NOVOBIOCIN ACID 


CRrSTALLINE NOVOBIOCIN ACID 
MICRONIZED 


0 12 3 4 

HOURS 

Fig. 2. — Absorbance of novobiocin in 0.1 N HCl at 
305 m/i. 


Table I. — Novobiocin Plasma Levels in Dogs 
Following Oral Administration of Different 
Solid Forms" 


Hours 

Sodium 

Novobiocin, 

Amorphous 

Novobiocin 

(Acid) , 

Calcium 

Novobiocin, 

Crystalline 

after 

meg. /ml. 

meg. /ml. 

mcg./ml. 

Novobiocin 

Dose 

Plasma 

Plasma 

Plasma 

(Acid) 

V 2 

0.5 

5.0 

9.0 

b 

1 

0.5 

40.6 

16.4 

i 

2 

14.6 

29.5 

26.8 

6 

3 

22.2 

22.3 

19.0 

b 

4 

16.9 

23.7 

15.7 

b 

5 

10.4 

20.2 

13.8 

b 

6 

6.4 

17.5 

10.0 

b 


a Dose = 12.5 mg./Kg. 

6 Not detectable 


amorphous or of some other physical form'suitabic 
for absorption. 

Crystallization of Suspensions. — Instability ol 
amorphous novobiocin can be illustrated best by a 
description of the behavior of an aqueous suspen- 
sion. When freshly prepared by acidification of a 
solution of the sodium salt, a suspension of amor- 
phous novobiocin is white in color, the solid is gel- 
like and well suspended. The particles arc ap- 
proximately 1 to 5 /X in size. On standing, however, 
the suspension gradually’ becomes more dense, parti- 
cle size increases, and there is greater settling of tbe 
suspended phase. 

Microscopic examination of the suspension during 
the course of these changes reveals several other in- 
termediate steps in the transformation process. 
A change in the amorphous particles is first revealed 
by the appearance of spheroid particles. These ap- 
pear to be formed by the coalescence of a number of 
minute amorphous particles which become fixed to- 
gether. The clustered particles tend to become more 
dense and shoiv some increase in color; they assume 
a roughly spherical shape, and continue to increase 
in size in a roughly symmetrical manner. In larger 
spheroids concentric growth rings sometimes become 
visible. The spheroid particles attain a maximum 
diameter of approximately 30 a- At this point by 
gross examination, the suspension is definitely more 
yellow in color and sedimentation rate has increased. 

The second or crystallization step first becomes 
visible microscopically by the appearance of needle 
or rod-like crj’stals vertical to the periphery of the 
spheroids. Crystal growth then proceeds inward 
toward the center of the spheroid. Fragility of the 
spheroids increases with depth of crystallization 
until soon the novobiocin predominantly is present 
in suspension as intact or fragmented rosettes of 
needle-like crystals. The photomicrographs in Fig. 
3 illustrate the various steps in the crj’stallization 
process. 

The process of crj'stallization of noi'obiocin also 
has been examined bj' X-ray diffraction studies using 
a Norelco X-ray diffractometer. Figure 4 illustrates 
the intensity of X-ray diffraction from a crystalline 
sample as contrasted with little or no diffraction 
bj' a sample of amorphous novobiocin. It is inter- 
esting to note that spheroids are no longer amor- 
phous by X-ra>' diffraction nor are they fully 
crystalline. 

Examination of the infrared spectra of both the 
crystalline and amorphous forms of novobiocin 
revealed only minor differences and the spectra for 
the two forms ivere practically indistinguishable. 
The spectrum for the crj-stalline solid showed some 
evidence of increase in bond strength at several 
points. 

The process of crystallization in suspensions was 
observed to be irreversible, as expected. On the 
other hand, rate of crystallization appeared to vary 
considerably' with temperature. Indeed at room 
temperature crystallization could not be induced by 
vigorous shaking and scratching even with the addi- 
tion of crystalline seed. Experiments, therefore, 
were conducted to determine the length of time 
required for spontaneous crystallization to take 
place in aqueous suspensions containing a thcrapeu- 
tically-uscful concentration of amorphous novobio- 
cin. 
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,, Fig. 3B, — Beginning spheroid formation ( X344). 



Fig. 3C. — Spheroid formation (X344). 
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Fig. 4. — X-ray diffraction; amorphous and crystal- 
line novobiocin. 


A solution of sodium novobiocin, equivalent to 
2.5% novobiocin acid, was adjusted to pH 3.5 with 
hydrochloric acid. Samples of the suspension 
of amorphous novobiocin acid which was formed 
were subdivided into glass bottles for storage at 
several temperatures. The specimens of stored sus- 
pensions were examined microscopically for crystalli- 
zation at frequent intervals during storage. The 
end point was taken as the presence of both spheroids 
and crystals on the same microscopic field. Crystal- 
lization was observed to occur within a few hours 
at 60°, but only after six months at 25°. The 
data are shown in Table II, 


Table II. — .\ppkoximate Time Required for 
Crystallization of Novobiocin Suspension 


Storage 

Crystallization 

Temperature, ®C 

Time 

60 

4-6 hours 

50 

24 hours 

37 

22 days 

25 

6 months 



Pig- 3D. Spheroids with peripheral crystallization 
(X344). 


As a continuation of these studies it was observed 
that suspensions containing 1.25% amorphous novo- 
biocin required a longer time for crystallization. 
At a concentration of 0.625% amorphous novobiocin 
the time required for crystallization was approxi- 
mately twice that found for the 2.5% samples. 

Stabilization of Suspensions. — Even though aque- 
ous suspensions containing 2.5% or more of amor- 
phous novobiocin were found physically stable for 
six months at room temperature, these represented 
thermodynamically unstable systems. Crystalliza- 
tion of such suspensions in a shorter period of time 
or under more adverse conditions of storage and 
shipment could not be dismissed. On the other 
hand, crystalline acid was inactive and sodium 
novobiocin, although useful orally, could not be 
dispensed in ready-made liquid form because of 
chemical instability. 
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Inasmuch as the crj stalhzation of suspensions of 
amorphous novobiocin was observed to be a step- 
wise process, it seemed reasonable that crjstalliza- 
tion could be controlled further with additives 
Such procedures certainly are well-known in the 
control of many crystallization operations 

Accordingl}’, a search was conducted for additives 
that would significantly retard or even prevent 
cry'stalhzation of aqueous suspensions of amorphous 
novobiocin Suspensions of the amorphous acid 
at 2 5% concentration were prepared by adjusting 
aaueous solutions of sodium novobiocin to pH 3 5 
with hj drochloric acid Additives to retard crystal 
formation were generally present during acidification 
In a few instances they had to be added in aqueous 
solution immediately afterward The temperature 
and rate of addition of hydrochloric acid, rate of 
stirring, and volume of sample were kept uniform 
All samples, together with appropriate controls 
containing no additives, were stored m glass bottles 
at 50° These were examined microscopically at 
frequent intervals for signs of crystallization or 
spheroid formation A list of additives tested and 
their effect on crystallization time is given m Table 
III 


Table III — Effect op Additives on Rate of 
Crystallization of Amorphous Novobiocin 
Acid in Aqueous Suspension 


Additive 

Benzalkonium chloride 
Tween senes” 

Pluromc F-68'’ 

Polyethylene glycol esters 

Sucrose esters 

Polyethylene glycol series 

Lecithin 

Dextran 

Gelatin 

Carboxymethy Icellulose 
Starch 

Hydroxyethydcellulose' 

Cyanoethylated starch 

Acacia 

Tragacanth 

Casein 

Lactalbumen 
Bentonite 
Methylcellulose 
Poly'vmylpy'rrohdone 
Cellulose acetate hydrogen 
phthalate 
Sodium alginate 
Propylene glycol algin"* 


Rate of 
Crystallization 

Increased 
Increased 
Increased 
Increased 
Increased 
Increased 
Increased 
Decreased slightly 
Decreased slightly 
Decreased slightly 
Decreased slightly 
Decreased slightly 
Decreased slightly' 
Decreased slightly 
Decreased slightly' 
Decreased slightly 
Decreased slightly 
Decreased slightly 
Decreased markedly' 
Decreased markedly 

Decreased markedly 
Decreased markedly 
Decreased markedly' 


a Atlas Powder Co 
b Wyandotte Chemicals Corp 
e Cellosize Carbide and Carbon Chemical Co 
tl Kelcolloid Kelco Co 


The data show the surface activ e agents as a 
class, regardless of ionic character, generally' in- 
creased the rate at which crystallization took 
place 

A number of water-soluble or water-dispersible 
gums and substances generally regarded as protective 
colloids were found ineffective in retarding this 
cry'Stalhzation process Only few agents provided 
adequate protection against cr\ stallization for really 
significant periods of time Further, time of 


crystallization was found dependent upon coiiccn 
tration of the additive, as is shown in Table 11' nitli 


Table IV — Effect of Methylcellulose 
Concentration on Novobiocin 
Crystallization Rate 


Concentraton of 

Time Required for 

Methylcellulose 1 500 c p s 

Crystallization da\s 

As % of Total Volume 

50° 


0 

1 

22 

0 1 

2 

25 

0 25 

3 

35 

0 50 

5 

60 

0 75 

7 

About 90 

1 00 

25 

>365 


various concentrations of methylcellulose The best 
agents for stabilizing suspensions of amorphous 
novobiocin against cry’stalhzation were methil 
cellulose, several types of alginic acid den vatu es, 
such as sodium alginate or propylene glycol algin 
and polyvinylpyrrolidone 

Suspension of Calcium Novobiocin.- — The prep 
aration of the calcium salt of novobiocin solved 
numerous problems previously encountered with the 
acid 

Calcium novobiocin proved to be a tasteless 
salt that was fully biologically active and perfectlj 
stable in aqueous suspension though amorphous 
Data showing solubility' in dilute acid and avaih 
bility in dogs were given previously 

Even though cry'Stalhne calcium novobiocin has 
been obtained from organic solvents, the amorphous 
salt is obtained in water bv precipitation of sodium 
novobiocin with calcium chloride Aqueous suspen 
sions of the amorphous calcium salt have failed 
to crystallize m our laboratory studies even after 
twenty-four months of storage at room temperature 
and at 37° On this basis, the addition of substances 
to retard cry'Stalhzation has not been found ncces 
sary 


SUMMARY 

1 The pharmaceutical properties together 
with some of the physical and chemical properties 
of novobiocin have been desenbed 

2 The characteristics of the metastablc 
amorphous form of novobiocin hax'e been dis 
cussed Different additives for stabilizing this 
biologically-active, metastable form are de 
scribed 
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The Effect of Thixotropy on Suspension Stability* 


By ERNEST C. FOERNZLER, ALFRED N. MARTIN, and GILBERT S. BANKER 

This study was undertaken to investigate the effect of thixotropy on physical suspen- 
sion stability. Two thixotropic suspending agents, bentonite and attapulgite, were 
evaluated in systems of varying concentrations for thixotropy, plastic viscosity, and 
yield value by employing a modified Stormer viscometer. A technique involving 
centrifugation was developed for the evaluation of stability. In the case of both 
suspending agents employed, the correlation of physical suspension stability and the 
degree of thixotropy of the suspending agent indicated that sedimentation velocity 
was directly proportional to the reciprocal of thixotropic area. 


D ue to the nature of pharmaceutical sus- 
pensions and the fact that they are to be 
used as dosage forms, physical stability is of ut- 
most importance. In attempting to make cal- 
culations concerning the ph)’sical stability of a 
pharmaceutical suspension, hotvever, it is usually 
found that an extremely complex system must be 
dealt with, the parameters of which are in many 
cases quite difficult to measure and often im- 
possible to express mathematicalljc Further- 
more, the rates of involved physical processes are 
equally difficult to evaluate (1). Here it is 
earnestly felt that time and effort may be con- 
served if the experimentation is directed toward 
rheological methods. 

• •• The colloidal phenomenon of thixotropy is an 
important physical property of a variety of phar- 
maceutically acceptable suspending agents. 
Through utilization of thixotropy in the prepara- 
tion of liquid suspensions it is possible to minimize 
or eliminate sedimentation and coagulation of the 
insoluble constituents which the product contains. 
Thus, a knowledge of the flow properties of thix- 
otropic suspending agents should provide an 
insight into the formulation and development of 
suspended products of superior physical stability. 
Many pharmaceutical suspending agents are 
known to possess thixotropic flow properties. 
Among these are bentonite (2), hectorite (3), 
Veegum' (4), attapulgite (5), sodium carboxy- 
methylcellulose (0), and Carbopol 934^ (7). 
It is unfortunate that there exists at the present 
time no genera 1 l 3 ’' accepted method or specific 
conditions under whieh rheological analyses for 
thixotropic flow should be made. However, 
numerous publications have appeared in which 

( the investigators have taken advantage of rheo- 
logical evaluation procedures for analysis of 
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thixotropic pharmaceutical systems (2, C, 8-10). 
Although there will undoubtedly be some dis- 
agreement among workers representing methods 
of analysis which are not standardized, the in- 
formation obtained from proper rheological 
evaluation of sj’stems of this type is ver)-^ useful 
for providing data by which the systems may be 
analyzed and controlled. 

This study (a) evaluates the flow properties 
of two thixotropic suspending agents suitable for 
use in pharmaceutical systems, (b) evaluates the 
phj'sical stability of medicinal products prepared 
with these suspending agents, and (c) attempts to 
obtain a mathematical relationship which would 
correlate thixotropy and phj'sical suspension 
stability. 

The two suspending agents employed in this 
project were bentonite, U. S. P.,“ and Pharma- 
sorb Colloidal'* (activated attapulgite). 

EXPERIMENTAL 

Preparation of Suspension Bases. — Before prepar- 
ing the suspension bases, both suspending agents 
were analyzed for moisture content by a standard 
Karl Fischer titrimetric method with an electro- 
metric end point determination. Analysis of three 
samples for eacii suspending agent indicated mois- 
ture contents of 6.59 and 16.2%, respective!}', for 
bentonite and Pharmasorb. Following moisture cor- 
rection, bentonite suspension bases were prepared in 
concentrations of 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, and 
7-0% (w/v) by adding the appropriate quantity of 
clay slowly in divided portions to 800-900 ml. of hot 
distilled water without stirring (U. S. P. method). 
The product was then allowed to hj'drate at room 
temperature (23 to 27°) for twentj'-four hours. At 
the end of the twenty-four hour hydration period the 
product was mixed at 3,600 ± 400 r. p. m. with a 
■Wearing Blendor® of 1 L. capacity for ten minutes. 
The volume of the product was then increased to 
1,000 ml. and the contents mixed at the previous 
speed for an additional five minutes. 

In the case of Pliarmasorb Colloidal, the manu- 
facturer recommends that the most stable suspension 


* Fisher Scientific Co , Pittsburgh, Pa. 

* Minerals and Chemicals Coip. of Ameiica, Menlo Paik, 

N.J. 

* Waring Products Corp., New York, N. Y. 


249 


/ 



250 


Journal of the American Pharmaceutical Association 


Vol. 49, Ko. 4 


bases be prepared by presoaking and/or pregelling 
the clay in water at 25° for a period of twelve to 
eighteen hours followed by stirring the mixture and 
diluting the pregelled coneentrate (5). The Phar- 
masorb bases were therefore prepared at concentra- 
tions of 5.0, 6.0, 7.0, 8.0, and 9.0% (w/v) by adding 
to the appropriate quantity of clay a sufficient quan- 
tity of distilled water (25°) so that it just completely 
moistened the clay. The moistened clay was 
then allowed to soak for twenty-four hours at room 
temperature. Upon completion of the presoaking 
period, 800 ml. of distilled water was added, the 
product was mixed at 3,600 ± 400 r. p. m. for ten 
minutes with the Waring Blendor, the volume was in- 
creased to 1,000 ml., and the contents mixed for an 
additional five minutes as for the bentonite bases. 

After preparation, all suspension bases were stored 
at room temperature in tightly closed, amber glass 
containers and allowed to hydrate further and age for 
at least fourteen daj'S before rheological or stability 
measurements were begun. No preservative was 
employed in the bases since those acceptable for 
use were found to produce foaming during prepara- 
tion of the bases, thereby creating undesirable 
conditions for rheological evaluation. The absence 
of a preservative did not affect the results over the 
period of experimentation. Although the pH of the 
bases was determined after preparation and at 
thirty-day intervals during the time the bases were 
employed, pH itself was not considered a variable 
in this study. 

Rheological Evaluation. — A Stormer viscometer, 
properly modified for study of non-Newtonian flow, 
was employed for rheological evaluation in this proj- 
ect. Fischer has adequately described the modifi- 
cations necessary in this respect (11). All rheological 
measurements were made at 25.0 ±0 1° through 
application of a calibrated thermometer and a con- 
stant temperature bath. Before use, the viscometer 
was adequately calibrated with Newtonian stand- 
ardization oils for use in the range of viscosity below 
one poise. Calculations used to obtain the instru- 
mental constants K, Kv, Kf, and K, and the working 
equations necessary for computing plastic viscosity 
( U) and yield value (/) were identical to those of 
Fischer (11). The instrumental constant K„ 
was evaluated for each flow curve from the appropri- 
ate weight/r. p. m. ratio for correction of the end- 
effect and consideration of the effective bob length 
( 12 ). 

After preliminary investigation of several proce- 
dures for quantitative determination of thixotropy, 
it was decided that the procedure most applicable 
to the manually operated Stormer viscometer was 
the production of a single hysteresis loop n ith accu- 
rate control of (a) the maximum rate of shear and 
(6) the time intervals between successive changes of 
weights. The maximum rate of shear was chosen 
at 400 r. p. m. (381.2 sec.-‘). while the time intervals 
between points on the curves were constant sixty- 
second periods. Flow curves were accepted for 
comparison only if a top rate of shear of 400 ± 

5 r p. m. was obtained. Although the time for 
production of the upeurve was not held exactly 
constant for each flow cun'e, it was felt that since 
all curves were made in exactly the same manner, 
this factor was at least approximately constant. 

Historj' effects (i. e., past treatments of the 


samples) were satisfactorily eliminated by allowing 
each sample to remain undisturbed in the viscom- 
eter cup and bob for two hours prior to beginaing 
the flow curves. During this time it was necessary 
to prevent evaporation of moisture from the sample 
This was accomplished by construction of a plastic, 
rubber lined top for the cup and bob. Followinj 
the experimental procedure, a plot of rate of slicai 
versus shearing stress was made for each sample, 
and the parameters of plastic viscosity and yield 
value were calculated. The area of the hysteresii 
loop was then measured directly in square inches 
by application of a Dietzgen-Ott compensating 
planimeter,® and the resulting value was designated 
as the thixotropic area. Samples for each con- 
centration of the suspending agents were run from 
four to ten times at two-to three-day intervals over 
a period of fourteen to twenty-one days, and mode 
values were taken to obtain the average rheological 
parameters. 

Evaluation of Stability. — On standing, an initially 
uniform and relatively dense suspension of fine parti- 
cles begins to settle at a constant rate with a well de- 
fined interface between the supernatant clear liquid 
and the settling particles. The rate at which the 
height of the interface changes with respect to time is 
known as the sedimentation velocity of the system. 
Preliminary work indicated that stability studies on 
the shelf at normal gravitational force would require 
periods ranging from six months to one year and more 
for evaluation of sedimentation velocities. There- 
fore, it was decided that accelerated studies should 
be employed. Multiplication of gravitational force 
was accomplished through application of a size 1, 
type SB International centrifuge.’ The instru- 
ment was equipped with a hand brake, a rheostat 
speed control, a number 240 eight-place head, and .a 
\Valtham tachometer. Fifty-milliliter, Pyrex-glass 
graduated centrifuge tubes with short conical 
bottoms were used to contain the samples which 
were carried through radial distances of 10.0 and 
20.1 cm. as measured from the shaft to the free 
surface and the tip of the sample respectively. 
Samples were prepared for centrifugation by 
incorporating 10% (w/v) zinc oxide (powder), 
U. S. P., in the suspension bases of varying con- 
centrations of suspending agents. Incorporation 
was accomplished by sixty seconds of levigatiou 
with a small portion of the base and ten minutes of 
mixing with the remainder of the base by' a labor- 
atory power mixer. During centrifugation the 
centrifuge tubes were covered with polystyrene 
plastic sheeting to minimize evaporation and pre- 
vent aging effects. Each run in the centrifuge 
was made with four samples which were adequatcl.i 
balanced for minimum vibration, and care was 
taken when stopping the instrument to avoid 
convection currents. 

Samples prepared with the bentonite bases were, 
evaluated at 500, 750, 1,000 and 1,.500 r. p. 
while those prepared with Pharmasorb were studied 
at 250, 500, 750, and 1,000 r. p. m. Following . 
centrifugal sedimentation of the samples, graphs 
were constructed for evaluation of the iiiiti.al frW' 
fall sedimentation velocities by' plotting the sci i- 
ment volume versus time. In some cases it "as 


* E, Dietzgen Co., New York, N. Y. 
^International Equipment Co., Boston, Mass, 
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necessary to employ the method of least squares for 
evaluation of the slopes of the sedimentation 
curves. 

RESULTS AND DISCUSSION 

Figures 1 and 2 show typical e.\ainples of the 
flow curves obtained in this study Table I lists 
the average rheological values obtained for eaeh 
suspension base and also indicates tiie sedimenta- 
tion velocities obtained at 600 r p m (a centrifugal 
force of approximately 1 85 X 10® dynes) after 
incorporation of 10% zinc oxide The sedimenta- 
tion rates obtained at 500 r. p. in were used for 
correlation of stability and thixotropy since these 
values appeared to be the most consistent and since 
they were obtained for all but two (bentonite 6 
and 7%) of the suspension bases evaluated An 
attempt was made to extrapolate the sedimenta- 
tion velocities to normal gravitational force by the 
use of semilog plots, but it was found that a suf- 
ficient number of points could not be obtained for 
valid extrapolation with the equipment employed 

By plotting the sedimentation velocities against 
the respective thixotropic areas it was found that 
hyperbolic functions appeared to exist for both 
suspending agents. Further investigation through 
plotting the sedimentation velocities versus the 
reciprocal of thixotropic area, Figs 3 and 4, ap- 
peared to verify the hyperbolic relationships. 
These functions may be expressed in tlie form 

F-r = iC (Eq. 1' 

•where V is the sedimentation velocity, T is the 
thixotropic area, and AT is a material constant 
Evaluation of the constant K resulted in values of 
0.027 and 0.048 for bentonite and Pharmasorb, re- 



Fig. 1. — Typical bentonite flow curves (Down 
curves on the left.) 



WEIGHT-GRAMS 

Fig. 2 — Typical Pharmasorb Colloidal flow curves. 
(Downcurves on the left ) 


Table I — Average Rheological Parameters 
andSedimentation Velocities AT 500 R p u m 
ML /min. 



Thixo- 

tropic 

U 

/ 

Sedimen- 

ConcQ , 

Area, 

Centi- 

Dynes/ 

tation 

% w/V 

Sn lo. 

poise 

cm * 

Velocity 



Bentonite 


2 5 

0 84 

6 47 

1 61 

0 061 

3 0 

1 09 

7 59 

3 24 

0 025 

3 5 

2 02 

11 71 

7 60 

0 018 

4 0 

2 49 

13 60 

10 40 

0 010 

4 5 

3 67 

18 80 

28.70 

0 007 

5 0 

4.51 

24 55 

33 39 

0 003 

6 0 

8 26 

37 79 

80 12 


7 0 

13 18 

59 64 

174 67 



Pharmasorb Colloidal 


5 0 

0 06 

4 23 

32 15 

0 800 

6 0 

0 14 

6 37 

59 79 

0 400 

7 0 

0 24 

10 76 

101 79 

0 200 

8 0 

0 49 

16 92 

175 64 

0 100 

9 0 

0 84 

22 67 

245 25 

0 050 

spectively. 

Thus 

it can be 

said that 

as a first 


approximation the sedimentation velocity is directly 
proportional to the reciprocal of the thixotropic 
area. It is felt that the source of variation from 


true linearity in the case of both bentonite and 
Pharmasorb was due large!}’ to inaccurate deter- 
mination of the sedimentation velocities 

The relationship obtained from Figs 3 and 4 is of 
both theoretical and practical interest. Assuming 
that the sedimentation velocity of a particular 
suspension base containing some therapeutic ingre- 
dient could be evaluated under accelerated condi- 
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C REUIPROCAL OF THIXOTROPIC AREA— 
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Fig 3 — ^The stability-thiNOtropy relationship for 
bentonite 
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yield value on sedimentation velocity and of con- 
centration on rheological properties is in progress, 
and an attempt to relate physical suspension sta- 
bility mathematically to all three rheological prop- 
erties has been planned for future discussion 

SUMMARY AND CONCLUSIONS 

An attempt has been made to correlate thixo- 
tropy and physical suspension stability for tno 
thixotropic pharmaceutical suspending agents, 
bentonite and Pharmasorb Colloidal. 

A properly modified Stormer xdscometer iias 
used for rheological evaluation, and a technique 
involving centrifugation was employed for evalu- 
ation of stability under accelerated conditions 
An attempt to extrapolate sedimentation 
velocities obtained at accelerated rates to normal 
gravitational force did not appear to provide 
consistent results. 

In the case of both suspending agents employed 
the correlation of physical suspension stability 
and the degree of thixotropy of the suspending 
agent indicated that the sedimentation velocity 
was directly proportional to the reciprocal of the 
thixotropic area, or that physical stability 'S 
directly proportional to thixotropy 

As a result of this work it may be concluded 
that both suspension evaluation and suspension 
formulation may be benefited by the application 
of proper rheological procedures 

Further investigation of physical suspension 
stability as a function of thixotropy, plastic 
viscosity, yield xmlue, and concentration is 
currently in progress. 
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Fig. 4. — ^The stability-thixotropy relationship for 
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Notes 


f A Note on the Photolytic Degradation of Anti-Inflammatory Steroids* 

By W. E. HAMLIN, T. CHULSKI, R. H. JOHNSON, and J. G. WAGNER 


P REVIOUSLY DESCRIBED (1-3) photolytic degrada- 
tions of the A-ring of A^-3-keto steroids and 
A‘'*-3-keto steroids are of interest pharmaceutically 
since: (a) alcoholic solutions of such steroids are 
used in assay procedures and the steroid might de- 
grade therein, and (b) ultraviolet light might del- 
eteriously affect steroid-containing dosage forms. 

Savard, el al (1) showed that exposure of A^- 
3-kelo steroids to ultraviolet light caused satura- 
tion of the 4,5-double bond, or migration of the 
double bond, or both. Barton and Taylor (2) 
demonstrated that exposure of the A''''-3-fceto 
steroid, prednisone acetate, caused a complicated 
rearrangement in the A-ring of the steroid 
We have studied the effects of exposure of al- 
coholic solutions of hydrocortisone, prednisolone, 
and methylprednisolone to ordinary fluorescent 
laboratory lighting and of certain ophthalmic prep- 
arations, which contain steroid alcohols solubilized 
in aqueous solutions of Triton WR 1339,' to various 
sources of ultraviolet light The commercial oph- 
thalmic preparations studied were eye drops Optef 
V p.2%* which contains 0.2% hydrocortisone (Cor- 
tef') and eye drops Neo-Deltef, 0 2%' which con- 
tains 0 2% prednisolone (Delta-Cortef-) and 0 5% 
neomycin sulfate. These sterile solutions are 
desaibed in the patent of Johnson (4). The effects 
of exposure of these solutions, stored in different 
tJTies of containers, to various sources of ultra- 
violet light were studied. 

EXPERIMEIVTAL 

Assay Methods. — ^The ultraviolet spectrophoto- 
metric method (5) and the isonicotinic acid hydra- 
zide method (6) are specific for the A'-3-keto and 
A''‘-3-keto groupings in the A-ring of the steroids 
A significant decrease in potency as determined by 
these assay methods indicates degradation has oc- 
curred in the A-ring of the steroid. The 2,3,5- 
triphenyl tetrazolium chloride (tetrazolium) assay 
(7) involves reaction of the ketol side chain of the 
steroids. A significant decrease in potency as de- 
termined by this assay method indicates that deg- 
radation of the side chain at the 17-position has 
occurred. The paper chromatographic method (8) 
IS specific for the intact steroid molecule being de- 
termined but has less precision than the other three 
methods. 

y Fade-Ometer Tests. — ^The solubilized steroid in 
\ aqueous solution was filled into vials and closed with 
( the usual dropper fitments. Unexposed samples 
P served as controls and provided the initial assay 
values. Some vials were wrapped in black paper and 
exposed to the ultraviolet light. These served as 

* Received October 23, 1959. from the Research Labora- 
tipjohn Co , Kalamaeoo, Mich 
. „ vgtstered trademark ol Rohm and Haas Co 
‘ Rcitistercd trademarks of The Upjohn Co 


controls for the effect of heat Unlabeled flint 
amber, or polyethylene vials were used as test 
specimens. A "wrap-around" commercial label was 
placed on other flint and polyethylene vials to test 
the protection afforded by this type of label. The 
various samples were exposed for six hours in a Type 
FDA-R Fade-Ometer manufactured by the Atlas 
Electric Devices Co., Inc , Chicago, III. Exposed 
and unexposed samples were assayed by the ul- 
traviolet, tetrazolium, and paper chromatographic 
(papergrara) methods. 

Mercury Vapor Lamp Irradiation. — Samples of 
hydrocortisone in an aqueous solution of Triton 
WR1339 (eye drops Optef, 0.2%^) were packaged 
in flint and amber vials. A 100 watt. Type H4 
G E mercury vapor lamp was mounted two inches 
from the samples to serve as a light source. After 
irradiation for specified tiroes the samples were 
removed and assayed by the ultraviolet, tetra- 
zolium, and papergram methods. 

Miscelianeous Tests. — Samples of hydrocortisone 
in an aqueous solution of Triton WR1339 were ex- 
posed in unlabeled flint and amber vials to diffuse 


Table I. — The Effect of Ultraviolet Light on 
Solubilized Hydrocortisone in Eye Drops 
Optef, 0 2%, Contained in Unlabeled Flint 
Vials 


Light 

Duration 

of 

Concentration of Steroid, 
mg /cc 

Ultra- Tetra Paper- 

Source 

Exposure 

violet 

zolmm 

gram 

Fade- 

0 hr. 

2 07 

1.98 

2.18 

Ometer 

6 hr. 

1 78 

1.78, 

1 54 

Mercury 

0 hr 

2 06 

1 93 

2 IS 

2 23 

vapor 

6 hr. 

1 91 

1 88 

2.04 

lamp 

22 hr. 

1 54 

1.87 

1.75 

Diffuse 

3 days 

2 23 

2 12 

2.10 

light 

7 days 

2 18 

1 98 

2 03 


14 days 

2 01 

2.00 

2 00 

Sunlight 

1 day 

2.12 

2.02 

1.89 


Table II. — The Effect of Ultraviolet Light on 
Solubilized Prednisolone in Eye Drops Neo- 
Deltef, 0 2%, Contained in Unlabeled 
Polyethylene Vials 


Duration Concentration of Steroid, mg /cc 


LiKht 

of Expo- 

Ultra- 

Tetra- 

Paper- 

Source 

sure, hr. 

Violet 

zolium 

gram 

Fade- 

Ometer 

0 

2.17 

2.14 

1.67M.8-, 

2.01'' 


6 

0.586 

2,25 

0.20“. 0.20“, 
0.24‘ 


a Samples -vs-ere stored for four months at room temperature 
before assay at two dilutions 

6 Samples were stored for three months at 5°, then one 
month at room temperature before being assayed 
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Table III. — Retardation of Photolytic Degradative Reactions by Use of Black- Wrapping, Flin 
OR Polyethylene Vials with Wrap-Around Labels, and Amber Vials 



Light 

Duration 


Concentration of Steroid, mr /rr 

Steroid 

of 

Type of 

Ultra- 



Source 

Exposure 

Packaging 

violet 

zolium 

Papergram 

Hydrocortisone 

Fade-Ometer 

6 hr. 

Black-wrapped flint 

2.07 

1.98 

2.25 

Hydrocortisone 

Fade-Ometer 

6 hr. 

Unlabeled amber 

2.06 

1.97, 

1.98 

2.07 

2.25 

Hydrocortisone 

Fade-Ometer 

6 hr. 

Labeled flint 

2.10 


Hydrocortisone 

Fade-Ometer 

6 hr. 

Unlabeled amber 

2.13 

2.21 

2.25 

Hydrocortisone 

Fade-Ometer 

22 hr. 

Unlabeled amber 

2.29 

2. 13 

2.27 

Hydrocortisone 

Diffuse light 

3 days 

Unlabeled amber 

2.16 

2.24 

2.15 

Hvdrocortisone 

Diffuse light 

7 days 

Unlabeled amber 

2.13 

2.16 

2.14 

Hydrocortisone 

Diffuse light 

14 days 

Unlabeled amber 

2.07 

2.14 

2.02 

Hj'drocortisone 

Sunlight 

1 day 

Unlabeled amber 

2.18 

2.20 

2.08 

Prednisolone 

Fade-Ometer 

6 hr. 

Black-wrapped polyethylene 

2.17 

2.14 

1 73“, 1.72, 
1.48‘ 

Prednisolone 

Fade-Ometer 

6 hr. 

Labeled polyethylene 

1.73 

2.14 

0.91,“ 0.98, 
1.13‘ 


o, See footnotes to Table 11. 


light from a window (northern exposure) for three, 
seven, and fourteen days, and to sunlight for one 
day. In the latter case the exposure was approxi- 
mately equivalent to six hours in direct sunlight. 
Inclement weather prevented controlled exposure 
for longer time intervals. 

Solutions containing 40 mg./ml. of hydrocortisone, 
prednisolone, or methylprednisolone (MedroP) in 
95% ethanol were stored in 25-ml. volumetric 
flasks at room temperature (approximately 25°) 
under irradiation from ordinary fluorescent light- 
ing’ in the laboratory. Aliquots of the solutions 
were withdrawn after storage for specified times 
and assayed by the isonicotinic acid hj'drazide and/ 
or ultraviolet spectrophotometric methods. 

RESULTS 

Results of the e.xposure of solutions of hydro- 
cortisone and prednisolone in aqueous solutions of 
Triton WR1339 to the various sources of ultra- 
violet light are given in Tables I, II, and III. 

Results of the exposure of alcoholic solutions of 
hydrocortisone, prednisolone, and methylpredniso- 
lone to ordinary fluorescent laboratory lighting are 
given in Fig. 1. The slopes of the first order plots 
and the half-lives of the steroids under the con- 
ditions of the tests are given in Table IV. 


DISCUSSION 


Hydrocortisone in an aqueous solution of Triton 
4^41339 was found to undergo degradation when 
exposed to ultraviolet light in the Fade-Ometer 
only when the solution was packaged in unlabeled 
flint vials. A suitable "wrap-around” commercial 
label on the flint vial or an amber vial prevented 
degradation under the severe conditions of the test. 
The degradation which occurred in the unlabeled 
flint vial involved the A-ring as evidenced by the 
decrease in the U. V. assay. The results of ex- 
posing the aqueous hydrocortisone solution to the 
mercury vapor lamp confirmed this observation. 
Condition of exposure of the aqueous solutions of 


> A laboratory approximately 10 X 22 feet was lighted by 
four fluorescent lights, each of which contained three -lO-inch. 
tn-watt fluorescent tubes and which were mounted about 9 
feet above the floor. Almost the entire northeast wall was 
class The samples were stored on a shelf two feet below and 
about two and one-half feet from one end of one of the fluores- 
cent lights. 



Fig. 1. — First order plots of the photolytic deg 
radation of steroids when exposed to laborator; 
fluorescent lighting. Hydrocortisone: X, INf 
assay; O, U. V. assay. Prednisolone: A, INr 
assay; □, U, V. assay. Methylprednisolone: • 
INH assay. 


Table IV. — Slopes and Their Standari 

Deviations (5*,) of First Order Plots, Shown w 
Fig. 1, FOR Photolytic Degradation of Steroid: 
in 95% Alcohol^ 


Steroid 


10< Ski 

days 

Hydrocortisone 

0.188 

0.944 

100 

Prednisolone 

l.SSO-' 

8.304 

22.0' 

Methylprednisolone 

1.386'' 

12.78 

21.7' 


a The slope or rate constant, In, is in unit.sof (2.,303 day.s) * 
b Solutions stored in 25-ml. volumetric flasks at room 
temperature (25®) under irradiation from the ordinary fluores 
cent laboratory lighting. 

« The half-life of the steroid calculated by means of the 
pression /Vs = logic 2/ki. 

d The slopes do not differ significantly. 

« The half-lives do not differ significantly. 


hydrocortisone to ultraviolet light in the Fadc- 
Ometer and to the mercury vapor lamp were much 
more drastic than may be expected from exposure 
to diffuse light or even direct sunlight. 

Prednisolone in aqueous solution of Triton 
WR1339 was photolytically degraded to a ^catcr 
extent than hydrocortisone when exposed in the 
Fade-Ometer. The degradation of prednisolone, 
caused by the ultraviolet light, appeared to involve 
only the A-ring since the ketol side chain remained 
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intact as indicated by the tetrazolium assays for 
the exposed samples compared rvith the controls. 

The results obtained with the labeled polyethyl- 
ene and flint vials in this study are valid only for 
the type of "wrap-around” commercial label uti- 
lized. If the label were smaller and did not cover 
as much of the surface area of the vial, equivalent 
results would not be expected. It is interesting 
from a pharmaceutical viewpoint that protection 
against photolytic degradation can be obtained by 
the use of a suitable label as well as by the use of 
amber glass. Additional protection against ul- 
traviolet light is afforded by the cardboard carton 
which covers the vial except when the product is 
actually in use. 

Ordinary fluorescent laboratory lighting causes 
photolytic degradation of hydrocortisone, pred- 
nisolone, and methylprednisolone as indicated 
by the results in Fig. 1. The slopes of the first 
order plots for the degradation of prednisolone and 
methylprednisolone were not significantly different 
but the slope for each of these steroids was 7 to 


7.5 times the slope for hydrocortisone under the 
same test conditions. Hence, the two double 
bonds present in prednisolone and methylpredniso- 
lone make these steroids much more susceptible 
to ultraviolet light than the one double bond in the 
A-ring of hydrocortisone. Standard alcoholic solu- 
tions of these steroids should be stored in amber 
bottles or black-wrapped flint bottles at refrigerator 
temperature to ensure maintenance of the potenc 3 ' 
of the solutions. 
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A Note on an Infrared Assay of Chloroform in 
Pharmaceutical Products* 

By JOHN C. SOUDER and PATRICK DELUCAt 


A quantitative infrared spectrophotometric 
assay for chloroform in pharmaceutical prep- 
arations has been developed. The procedure, 
which is sufiiciently accurate for the control 
of filling operations, consists of extraction 
with carbon disulfide followed by estimation 
of chloroform by its characteristic infrared 
absorbance at 13,17 microns. Reproduci- 
bility of the method falls within ±2.9 per 
cent of the average. 

T he usual procedures for determining chloro- 
form are based upon hydrolysis and titration 
(2, 4, 6, 8) or the colorimetric reaction of Fujiwara 
(1, 3, 5, 7). These procedures are somewhat time 
consuming when used to control the filling of phar- 
maceutical products containing chloroform. 

Chloroform is an ideal material for infrared spec- 
trophotometric estimation. Chloroform is easily 
extracted from aqueous solutions into water- 
immiscible solvents such as carbon disulfide or 
cyclohexane which are suitable for use in infrared 
spectrophotometry'. Carol (9) reported infrared 
I 4eterraination of chloroform in drugs based on the 
j 8.29 absorption maximum as the wavelength of 
.choice using carbon disulfide as a solvent. In the 
present study the carbon-chlorine stretching band 
nt 13.17 ij was used. The absorption peak at 13.17 
was selected for quantitative estimation because it 

* Received AuEust 21. I95fl, from Smith Kline and French 
»-al)oratories, Philadelphia 1, Pa. 

nt address. Temple University, School of Phar- 
“Wy. Philadelphia, Pa. 

resented to the Scientific Section, A. Pit. A. Cincinnati 
meeting, August 1959. 


is unusually strong and it occurs in a relatively 
sparse region of the spectrum. Chloroform con- 
centrations of 4 to 12 mg. per ml. of carbon disulfide 
were found to be useful in 0.1-mm. absorption cells. 
Carbon disulfide is quite transparent at 12 to 14 /t 
and thicker absorption cells could readily be used 
for lower chloroform concentrations. 

EXPERIMENTAL 

Preparation of Standards.— Standards were pre- 
pared by weighing known quantities of chloroform 
into SO-ml. volumetric flasks containing 40 to 45 ml. 
of ethjd alcohol. The flasks were then diluted to 
volume with ethyl alcohol. Volumetric aliquots of 
the alcohol-chloroform solution containing 100 to 
300 mg. of chloroform were added to 76 ml. of dis- 
tilled water in separatory funnels. The water- 
alcohol-chloroform standards were then extracted 
with 2-10 ml. and 1-5 ml. volumes of carbon disul- 
fide, collecting the extracts in 25-mI. volumetric 
flasks. These carbon disulfide extracts are dry 
enough to use directly' in infrared absorption cells 
without additional drying. A Perkin-Elmcr model 
21 infrared spectrophotometer equipped with sodium 
chloride optics was used for all the work reported 
here. 

The absorption difference between 13.17 n and 
12.6 /i was used as an indication of cliloroform 
content (Fig. 1). 

Pharmaceutical samples were extracted and de- 
termined in the same way. Five different chloro- 
form-containing liquid preparations were selected 
at random and extracted as described above for 
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WAVELENGTH IN MICRONS 
Fig. 1. — Infrared absorption of chloroform in carbon 
disulfide between 12 and 14 /i. 


preparation of standards. In working with both 
standards and pharmaceutical preparations, it 
was necessary to force liquid into pipets with pres- 
sure rather than vacuum to avoid the loss of chloro- 
form. Aliquots representing 100 to 260 mg. of 
chloroform were diluted 1:1 ivith water to make 
them more fluid and extracted with carbon disulfide. 
Only one of the five products had to be distilled 
before extraction to prevent emulsification. This 
one sample was diluted 1 ; 1 with water and distilled 
through a water-cooled condenser into 25 ml. of 
alcohol cooled in an ice bath. 

The same products were also assayed by alkaline 
hydrolysis and titration. Chloroform was hydro- 
lyzed for titration by heating with 5 N alcoholic 
potassium hydroxide in pressure bottles for one 
hour in a boiling water bath. After hydrolysis, 
the solution was acidified with nitric acid and ti- 
trated potentiometrically with O.IA^ silver nitrate 
solution. A comparison of results obtained by the 
two methods is shown in Table I. Three of the 


Table I. — Chloroform Assay Results by 1 
frared and Hydrolysis-Titration Proceduri 


Product 

Chloroform 
Found By In- 
frared Assay, 
mg./oO ml. 

Chloroform Found 
By Alkaline Hydro!; 
sis and Titration. 
mg./50 ml. 

A 

233.6 

239.2 

B 

251.0 

242.0 

C 

86.3 

87.7 

D 

143.4 

134.6 

E 

78.6 

74.6 


Table II. — Reproducibility of Infrared 
Chloroform Assay 


Chloroform Assays in 

mg./50 ml. 

Run 1 

Run 2 

137.1 

137.2 

136.2 

136.3 

136.2 

135.5 

134.5 

133.2 


Average = 13S.S mg. /SO ml. 

Standard Deviation (tr) = 1.3 mg./50 mi. 

3 X Standard deviation = 3.9 mg. /50 ml. or ±2.9%. 


five samples required distillation to prevent in- 
terference when assayed by hydrolysis and titration. 

Reproducibility of the infrared method was tested 
by running two groups of four aliquots from a single 
sample. The results obtained are shown in Table 
II. Standard deviation was found to be 1.3 nig./50 
ml. or about 1%. For this same run of eight 
samples, the reproducibility (3 X S. D.) "'3* 
±2.9%. 
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A Note on the Occurrence of 2,6-Dimethoxyben2oquinone 
in Rajiwolfia vomitoria* 

By S. MORRIS KUPCHAN and MANG E. OBASI 


R auwolfia VOMITORIA Afz. Originates in Africa 
in the region from upper Guinea and Uganda 
to Angola and Nyasaland (1). Roots of R. voiii- 
itoria have been shown to contain the important 
hypotensive and sedative alkaloids reserpine and 
rescinnamine, as well as several other indole al- 
- haloids, and the roots of this Apocynaceous plant 
represent an important commercial source of re- 
serpine (1). 

The work reported herein concerns a nonalka- 
loidal constituent of an alkaloid-rich extract of 
R. vomitoria. The extraction procedure consisted of 
extracting, with chloroform the powdered R. vomi- 
ioria root, previpusly wetted with water. The 
. chloroform extracts were evaporated to dryness and 
the residue was dissolved in methanol-acetic acid 
: On standing, a brown solid separated in crystalline 
form (ca 0.002% based on root).' 

Recrystallization of the crude brown crystalline 
solid from dioxane afforded light yellow needles, 
' m. p. 254-265°. Analysis of the compound af- 
■ forded results whicli supported a CsHfOj formula. 

Reduction with sodium bisulfite gave a dihydro 
' derivative. CjHioOo which reverted to the original 
•\ compound upon exposure at room temperature to 
: “^air oxidation, Bromination in carbon disulfide 
' afforded a dibromo derivative, CjHsBrnOu and re- 
ductive acetylation gave a diacetate, CijHHOe. 
The foregoing characteristics led to identification 
of the compound as 2,6-dimethoxybenzoquinone, 
and the identification was confirmed by direct 
■ comparison rvith an authentic synthetic sample 
prepared by oxidation of pyrogallol trimethyl 
■' ether (2, 3). 

^ The isolation of 2,6-dimethoxybenzoquinone from 
Adonis vernalis of the family Raimncuiaceae was 
reported some years ago (4), 2,6-Dimethoxy- 
benzoquinone has been shown to exert strong 
bacteriostatic activity against a variety of micro- 
organisms (5-8). One might speculate that the 
teleological significance of the occurrence of 2,6- 
dimethoxybenzoquinone in the plant kingdom may 
be associated with the bacteriostatic activity; per- 
haps this compound plays a role in the defense of 
plants against pathogens. 

EXPERIMENTAL 

Melting points are corrected for stem exposure. 
Infrared spectra were determined on a Baird model 
B double beam infrared recording spectrophotom- 
eter. Ultraviolet absorption spectra were de- 
termined on a model 11 MS Cary recording spec- 
trophotometer and chloroform was used as solvent. 


•Received December 11, 1959, from the Department of 
Pharmaceutical Chemistry, University of Wisconsin Mad- 
tson. 

r Stunt from the National Institutes 

of Health lH-2952 (C2) !. 

' The isolation and preliminary purification was done by 
Riker Laboratories, Inc., Northridge, Calif, We gratefully 
acknowledge the generosity of Mr, Murle W. Klohs in for- 
warding to us the crude crystalline material and information 
concerning its physical constants. 


Microanalyses were carried out by Drs. Weiler 
and Strauss, Oxford, England. 

Purification of 2,6-Dimethoxybenzoquinone De- 
rived from Rauwolfia vomitoria. — The brown crystal- 
line solid obtained from methanol-acetic acid in the 
extraction procedure was recrystallized twice from 
dioxane with Norite treatment. Light yellow needles 
were obtained, m. p. 254-255°. The analytical 
sample was further purified by sublimation. 

Aho/.— C alcd. for CgHgO,; C. 57.15; H, 4,80; 
OMc, 36.92. Found; C, 56.93; H, 4.70; OMe, 
37.38, 

Reduction of the Naturally-Derived 2,6-Duneth- 
oxybenzoquinone. — A suspension of 2,6-dimethoxy- 
benzoquinone (400 mg.) in water (5 cc.) was heated 
on the steam bath and treated dropwise with 20% 
sodium bisulfite solution (3.5 cc.). The yellow solid 
dissolved to form a colorless solution. Upon 
cooling, a colorless crystalline solid separated (250 
mg.). Recrystallization from water afforded 2,6- 
dimethoxyhydroquinone in the form of colorless 
needles (200 mg.), m. p. 163-164°. [Reported 
m.p, 160° (4)]. 

Anfl/.— Calcd. for CgH.oO^: C, 56,45; H, 6.92; 
OMe, 36.47. Found: C, 56.20; H, 5.95; OMe, 
38.45. 

A solution of the hydroquinone in 95% alcohol 
was allowed to stand at room temperature over- 
night. A brown crystalline solid separated which 
afforded pure 2,6-dimethoxybenzoquinone, m. p. 
254-255°, after recrystallization from dioxane. 

Reductive Acetylation of the Naturally-Derived 

2.6- Diinethoxybenzoquinone. — To a suspension of 

2.6- dimethoxybenzoquinone (500 mg.) in acetic 
anhydride (2.5 cc.) was added zinc powder (1,0 Gm ) 
and powdered anhydrous sodium acetate (100 mg.) 
The mixture was heated gently until the yellow 
color disappeared, and then boiled for two minutes. 
The hot supernatant solution was decanted from 
the inorganic residue; the residue was washed with 
hot, glacial acetic acid (4 cc.) and the washings were 
added to the supernatant. The combined solution 
was heated, treated carefully rvith water to decom- 
pose excess acetic anhydride, and then further to 
turbidity. Upon cooling, 2,6-dimethoxyhydro- 
quinone diacetate separated in the form of color- 
less crystals (525 mg.), m. p, 125-127°. Recrys- 
talHzation from dilute alcohol gave colorless 
needles, m. p. 127-128°. [Reported m. p, 129- 
129.5° (9)]. 

Ana/.— Calcd. for C.-HnOe: C, 56.70; H, 5.55. 
Found: C, 55.87; H, 5,24. 

Bromination of the Naturally-Derived 2,6-Di- 
methoxybenzoquinoae, — ^To a suspension of 2,6- 
dimethoxybenzoquinone (350 mg.) in carbon disul- 
fide (5 cc.) was added excess bromine in carbon di- 
sulfide, and the solution was allowed to stand at 
room temperature overnight. Evaporation to drj’- 
ness with a gentle current of air left a red crystal- 
line residue. Recrystallization from absolute al- 
cohol with Norite treatment gave 2,6-dimethoxy 
3,5-dibromobenzoquinone in the form of red 
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The Synthesis and Antifungal Studies of Some 
Benzofuran Compounds* 



By POO PANt and GAIL A. WIESE 

An improved synthesis of ben 2 ofuran- 2 -carboxaldehyde and 2-methylben2ofuran-3- 
carboxaldehyde and the preparation of twenty-three new derivatives are reported. 
They were evaluated against three pathogenic fungi, together with some other 
derivatives which have been described in the literature. Some of these compounds 
showed significant in vitro antifungal activity. Of all the compounds tested, in- 
cluding the standard, undecylenic acid, ben 2 ofuran- 2 -carboxaIdehyde exhibited 
high activity in every case against all three organisms. A discussion of the_ ac- 
tivity and structure relationship is based on the data resulting from this investiga- 
tion. Further studies seem to be warranted. 


Come aldehydes and their derivatives have 
^ been found to be effective antifungal and/or 
antibacterial agents. Powerful antifungal as 
well as antibacterial activity of decanoylacetal- 
dehyde and related compounds was reported by 
Noguchi and Okeda (1). Halo-2, 3-butanedione- 
3-oximes have been patented as antifungal agents 
(2) and some monosubstituted salicylaldehyde 
alkoximes (3) were found to be effective as 
fungicides in dilutions as low as one p. p. m. 
Ward and co-workers (4) reported the outstand- 
ing fungistatic activity of 5-nitro-2-furfural 
oxime and a few other nitrofuran compounds. 
5-Nitro-2-furfural semicarbazone (5) has been 
successfully used for the treatment of various 
dermatological conditions and N-(5-nitro-2-fur- 
furylidene)-l-aminohydantoin (C) has also been 
established as an antibacterial agent. 

Benzofuran compounds remain uninvestigated 
^,as antifungal agents, probably due to the fact 
< that so far no benzofuran compound has found 


/ * Received August 13, 1959, from the State University of 

Iowa, CollcKe of Pharmacy, Iowa City 

Abstracted from a thesis submitted by Foo Pan to the 
Graduate Coltege of the State University of Iowa in partial 
uilfvUment of the requirements for the degree of Master of 
Science, August 1959 

t Fellow of the China Medical Board of New Vork, loc., 
195S-1959. Present address* Department of Biochem- 
National Defense Medical Center, Taipei, Taiwan, 

China. 


application in pharmaceutical chemistry (7). 
It is interesting to note, however, that griseo- 
fulvin, an orally effective (8) antifungal anti- 
biotic. is a carbonyl derivative of 2,3-dihydro- 
benzofuran (9) and that some derivatives of 
thianaphthene (10), a sulfur analog of benzo- 
furan, have been found to possess considerable 
antifungal activity. 

In view of the facts outlined above, two 
benzofurancarboxaldehydes and a number of 
their derivatives have been synthesized and 
screened in vitro for their antifungal activity 
against Microspornm andomni, Microsponim 
qypseum, and Trichophyton ruhrnm, by agar- 
plate, paper-disk technique. Some of the more 
active and the less soluble compounds were tested 
in the form of ointment. Undec}'lenic acid 
was used in both instances as a standard. 

The compounds prepared and tested are shown 
in Table I. The results of the antifungal studies 
are listed in Tables II and III. 

All 28 derivatives, including 23 new compounds, 
were prepared by condensation reactions in- 
volving the aldehyde group. The condensing 
agents included various aromatic and hetero- 
cyclic amines, isoniazid, aminoguanidinc, and 
acetone, as 5Yell as tlie usual characteristic 
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Table I.— Benzofuran Compounds Synthesized and Tested 



No. 

I 

II 


Structure 



R= 0 -NaHS 03 


Yield, Nitrogen, <> % Reter- 
Appearance M, p., ° C. o % Calcd. Found eoce' 

12, E 


13, E 



14 

14 

13 


Brownish red 
needles 

213-214 

73 

14.94 

14. SS 

E 

White needles 

131-132 

80 

8.69 

8.64 

E, 

Colorless prisms 

200-202 

71 

15.85 

15.71 

E 

IVhite crystals 

176-178 

15 

23.48 

23.73 

E 

Pale yellow 
crystals 
powdered 

56-56 . 5' 

46 

6.33 

6.17 

E 

Bright yellow 
needles 

230-231 

(Decompn.) 

42 

5.91 

5.70 

E 

Yellow crystals 
powdered 

89-90 

65 

5.58 

5.49 

E 

Bright yellow fine 
crystals 

95-96.5 

62 

5.96 

5.82 

H 

Bright yellow 
crystals 
powdered 

176-177 

55 

10.53 

10.27 

B 

Pale yellow 
needles 

138-139.5 

71 

5.48 

5.45 

E 

Pale yellow 
crystals 
powdered 

109-111 

23 

12.61 

13.12 

E 

Yellow crystals 
powdered 

131-132 

70 

10.29 

9.94 LE 

Pale yellow 
crystals 
powdered 

138-139 

36 

10.08 

10.24 

E 

Yellow needles 

97-98^ 

22 C; 
H; 

77.42 

5.38 

7 i .35 
5.17 

E 

Shining yellow 
scales 

133.5-134.5 

70 

5.02 

5.00 

E 

Yellow crystals 
powdered 

92-93 

60 

4.83 

4.70 

E 

Redish yellow 
needles 

112-112.5 

40 

9.32 

9. IS 

E 






n. E 

Greenish yellow 

130-131 

21 

5.. 58 

5.3*1 

E 


prisms 
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Table I (Conlhmcd) 







Yield, 

Nitrogen, % 

Refer- 

No 


Structure 

Appearance 

M P , ° C 0 

% 

Calcd 

Found 

encec 

Nxy 

R'= 

Cl 

Bright 3 'eUoxv 
scales 

77 5-78 5 

46 

6 19 

5 04 

E 

xxvr' 

R'= 

=NNHCSNH. 

Yelloxv cr 5 'stals 

231-232 

56 

18 01 

17 43 

E 




poxvdcred 

(Decompn ) 





XXVII'' 

R'= 

=NNHC— N 

II ^ 

Pale j’elloxv 
needles 

203-204 

68 

15 05 

14 83 

E 

XXVIII-' 

R'= 

0 

=NOH 

Pale j'cHoxv 

114-115 

74 

8 00 

7 87 

E 




needles 






XXIX-* 

R'= 

=NNH— 

Bright j'elloxv 
platelets 

129-130 

89 

11 20 

11 08 

E 

XXX 

R'= 

==NNHC0NH5 






11 


0 Determined by capillary method and uncorrected ^ Carbon and hydrogen for Compound XIX ^ F, experimental. 
^ New compound * Boiling point, 1C4®/1 mm / Boiling point, 128®/! mm 


reagents for carbonyl compounds The process 
used for preparing the two benzofurancarboxalde- 
hydes is indicated below The procedure of 
Bisagni and co-workers (11) for the formvlation 
of benzofuran was modified to give improved 
yields 



Cu 


COOH 


in quinoline 




HCON(CHi)i 

POCl, 


■— CH, 



Wolff-Kishner- 



CHO 


HCONfCH,); 

POCb 



EXPERIMENTAL 

Synthesis' 

I, Benzofuran-2-carboxaldehyde(I) — To a mixture 
' of 37 5 Gm. of benzofuran, b p 59-61° (6 mm ), 
prepared from coumarilic add in 81% yield by a 
modified procedure of Tanaka (15), and 27 6 Gm 
I of N,N-dimethylformamide, 55 2 Gm of phos- 
phorus oxychlonde was added m small portions 
with shaking, while the temperature was kept below 
50°. The reaction mixture was allowed to stand 
i at room temperature overnight It was heated 
gradually to about 95° and then kept at 93 ±2° for 
E nine hours, with occasional shaking It was again 
allowed to stand overnight The mixture was 
poured into 500 Gm of ice and water with stirring, 
and extracted with three 200-cc portions of ether 
E The ethereal extract was washed twice mth 160-cc 

r portions of 5% hydrochloric acid These aqueous 
washings were in turn extracted with 100 cc of 
ether The combined ethereal extracts were washed 
' with a saturated sodium bicarbonate solution and 
then with w^ater When the ethereal solution was 
shaken in a mechanical shaker with a solution of 
ISO Gm of sodium bisulfite in 300 cc of w'ater, a 
"hite addition product of benzofuran-2-carboxalde- 


' Fropcrtie. and jields of the new compounds prepared 

nreshonninTtibler. 


hyde deposited The precipitate was collected on a 
filter and washed successively with alcohol and 
ether 

The aldehyde also may be obtained from the 
ethereal solution, after drying over anhydrous so- 
dium sulfate and removing the solvent, by fractional 
distillation under reduced pressure The j-ield of 
the free aldehyde, b p 90-93° (1 mm ), h“o 1 6334. 
or its sodium bisulfite adduct, was 67-71 % 

Benzofuran-2-carboxaldehyde /)-Nitrophenylhy- 
drazone (VI) and Benzofuran-2-carboxaldoxime- 
(VII) — Both of these compounds were prepared 
from 0 01 mole of the aldehyde by the usual method 
(16) and recrystallized from diluted alcohol 

Benzofuran-2-carboxaldehyde Isonicotinoylhy- 
drazone(VIII) — A solution of 2 92 Gm (0 02 
mole) of the aldehyde in 12 ce of alcohol was mixed 
with a solution of 2 76 Gm of isoniazid in 12 cc of 
alcohol and boiled for three minutes The crystals 
which deposited after cooling were filtered and re- 
crystalhzed from alcohol 

Benzofurfurylideneaminoguanidine Hydrochlo- 
ride(IX). — A solution of 0 02 mole of benzofuran-2- 
carboxaldehyde in 50 cc of alcohol w'as mixed with 
2 8 Gm of aminoguamdine bicarbonate and 5 5 
Gm of sodium acetate The mixture was heated 
on a water bath at about 60° for one hour, acidified 
to Congo red with concentrated hydrochloric acid, 
and filtered The filtrate was concentrated to 
about one-half its original volume at room tempera- 
ture and then cooled to about — 10° The precipi- 
tate which formed was collected and recrystallized 
three times from absolute alcohol 

Benzofurfurylideneaniline(X). — The aldehyde, 
0 02 mole, was mixed with 2 cc of freshly redistilled 
aniline in a small evaporating dish The mixture 
was heated on a boiling water bath for twenty 
minutes, cooled with stirring, and w-ashed thor- 
oughly with 7! -pentane The solid was filtered and 
recrystallized from ether-w-pentane mixture. 

Benzofurfurylidene-/>-aminophenoI{XI). — To a 
solution of 2 18 Gm of /i-aminophenol in 10 cc of 
absolute alcohol. 0 02 mole of benzofuran-2-carbo\- 
aldehyde xx-as added xxith stirring Reaction took 
place almost instantaneous^-. The mixture was 
heated under reflux for thirty minutes, cooled, and 
filtered The product was recrystallized from 
methanol 
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Table II — Antifungal Activity of Solutions 
OF Benzofuran Compounds” 


Table HI.- — Zones or Inhibition in MiLLuiEn 
OF 5% Ointments of Benzofuran Compouni 


Compound 

M audoutni 

M gypseutn 

T rubrum 

No 

Solution in 
Water 

1% 5% 

1% 5% 

19€ 5% 


11 

0 

1 

0 

9 

3 

12 

Water 

0 

0 

0 

0 

0 

0 

Solutions in 







Alcohol 







1 

12 

e 

7 

c 

13 

e 

V 

0 

d 

0 


1 


viir 

0 


0 


0 


IX 

5 

11 

3 5 

12 

2 

15 

X 

0 

4 

2 5 

20 

1 

10 

XIP 

0 

0 

0 

0 5 

0 

2 

xni 

0 

0 

0 

0 

0 

1 5 

XXIV 

0 5 

23 5 

0 

e 

0 5 

20 

XXVTII 

7 

9 

6 

10 

0 

8 5 

Undecylenic 

6 

8 

2 

9 5 

6 5 

13 

Acid 







Alcohol 

0 

0 

0 

0 

0 

0 

Solutions in 







Acetone 







III 

0 

0 

1 

1 

1 

2 5 

VI 

0 

0 

0 

0 

0 

0 

VIP 

2 

12 

3 

12 

3 

9 

XI 

0 


0 


0 


XV' 

0 

0 

0 

0 

0 

0 

XVP 

0 5 

12 

1 

17 5 

1 

15 5 

XVII 

0 

0 

0 

0 

0 

2 

XVIII 

0 


0 


0 


XIX 

2 

5 

1 5 

3 5 

3 

6 

XX 

0 


0 


0 


XXI 

0 

I 

0 

2 

0 5 

0 5 

XXII 

8 5 

12 

6 5 

10 

2 

10 

XXIII 

0 

10 

1 

19 

0 5 

7 6 

XXV 

0 

3 

0 

4 

1 

1 5 

XXVI 

0 


0 


0 


XXVII 

0 


0 


0 


XXIX 

3 5 

8 

1 

7 

3 

12 

Acetone 

0 

0 

0 

0 

0 

0 


a Zones of mbibition in mm 

& The formulas of the compounds are listed m Table I, 
and their names in the experimental section 
^ Little or no growth after 15-day incubation 
d Not tested 

^ 4% solution instead of b% 


BeazofurfuryIideae-/'-anisidine(XIl) and Benzo- 
furfurylidene-/>-toluidine(XIII). — These two com- 
pounds were prepared siniilarly to compound XI ex- 
cept that the heating time was two hours and tlie 
products were recrystallized from isopropyl alcohol 
Benzofurfurylidene - p - nitroanilineCXIV). — This 
compound was prepared in the same manner as 
compound XI. except the reactants Mere heated 
under reflux in 20 cc. of absolute alcohol for four 
iiours and the product recrj-stallized from benzene 
BenzofurfuryIidene-/>-cfiloroaniIine(XV). — To a 

solution of 0.02 mole of the aldehyde in 40 cc of 
ether, 2.55 Gm. of />-chIoroaniline was dissolved 
with stirring Crystallization took place witliin a 
few minutes After allowing to stand at room 
temperature for three hours, the mixture was filtered 
and the product recrystallized from alcohol 

B en z o f urf u ry 1 i d ene-2-ammopyridine(XVI). — 
Equimolar amounts (0 02 mole) of the aldehyde and 
2-aminopyridine were heated under reflux in 5 cc, 
of absolute alcohol for four hours. The crystals 
formed after cooling were filtered, washed with 
ether, and recrj’stallized several times from diluted 
alcohol. 


Compound 

No if 

if/. attdoiiiUt 

fU. nypsettm 

T ritht 

I 

c 

e 

e 

II 

0 

I 

3 

IV 

0 

0 

0 

V 

0 

0 

0 

VII 

5 

8 

9 

vin 

0 

0 

0 

IX 

5 

5 

S 

X 

3 

4 

S 

XI 

0 

0 

1 

XIV 

0 

I 

4 

XVI 

1 

12 

8 

x\'in 

2 

1 

5 

XX 

0 

I 

2 

XXII 

5 

8 

1! 

XXIII 

5 

12 

0 

XXIV 

2 

7 

4 

XXVI 

0 

0 

0 

XX\TI 

0 

0 

0 

XXVIII' 

4 

7 

8 

XXX 

0 

0 

1 

Undecylenic 

acid 

4 

3 

,S 

Hydrophilic 

ointment. 

USB. 

0 

0 

0 


Only the mo»e active and the less soluble compound 
were tested in ointment form 

^ The formulas of the compounds are listed m lalile 1 
and their names in the experimental section 
^ Little or no growth aher lo-day incubation 


Benzofurfurylidene - 3 - aminoquinoline(XVII).- 
This compound was prepared in the SvTine inaime: 
as compound XI, except the reactants w’cre licatci 
under reflux in 10 cc. of absolute alcohol for fo>r 
hours and the product recrystallizcd from dilutee 
alcohol 

Benzofurfurylidene- 2 -aminobenzothiazole- 

(XVIII) — This compound was prepared in A't 
same manner as compound XI, except the product 
W'as recrystallized from alcohol. 

BenzofurfurylideneacetoneCXIX). — To a mixlun 
of 20 cc. of C P. acetone and 0 01 mole of benzo- 
furan-2-carbo\aldchydc in a 250-cc., gl iss-Stoppcred 
reagent bottle, 2 cc. of 10% sodium hydroxide solu- 
tion was added dropwise wliilc the temperature was 
kept at 25-35°. The bottle was stoppered and 
shaken in a mechanical shaker at room temperature 
for three hours The reaction mixture was acidified 
to litmus with diluted hydrochloric acid and the tno 
layers w-ere separated in a separatory funnel. Tlie 
upper aqueous layer was extracted with 10 cc o' 
benzene and the benzene extract combined witu 
the organic layer, washed with water, and dried over 
anhydrous sodium sulfate After removal of the 
solvent, the product was purified by sublimation 
under reduced pressure. 

Methyl B enzof urfuryli dene-/'-aminobenzoate- 
(XX) — This compound was prepared in the same 
manner as compound XI, except the reactants vtre 
heated under reflux in 5 cc. of absolute alcohol lor 
one hour. The crude product was washed "'t ' 
ether and recrystallizcd from methanol. ^ 

Benzofurfurylidene - 2,4 - dichloroanilinefXXI).^ 
A mixture of 0 02 mole of the aldehyde and -f - 
Gm. of 2,4-dichloroaniline was heated under rtmix 
in 5 cc. of absolute alcohol for two hours and tlnn 
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cooled by ice and water. Tlie crude product, de- 
posited as a heavj' oil layer, was separated from most 
of the solvent by decantation and dissolved in 
ether. Crystallization took place when the ethereal 
solution was stirred and cooled by a dry ice and ace- 
tone mixture. The crystals formed were collected 
on a filter and recrj'stallized from diluted alcohol. 

Benzofnrfurylidene-2-nitro-4-chloroaniline(XXII). 
— This compound was prepared in the same manner 
as compound XI, except the reactants were heated 
under reflux in 5 cc. of absolute alcohol for two 
hours and the product recrystallized from dilute 
alcohol. 

2-Methylbenzofuran. — This compound, b p 192- 
194°, was prepared in 85% yield by the procedure 
of Bisagni and co-workers (11), using 0 1 mole of 
benzofuran-2-carboxaldehyde, 50 cc. of diethylene 
glycol, 15 Gm. of 99-100% hydrazine hydrate, and 
15 Gm. of potassium hydroxide. 
2-Methylbenzofuran-3-carboxaldehyde(XXIII). — 

2- Methylbenzofuran (17.7 Gm ) was formylated 
with N,N-dimethylformaraide (10.6 Gm.) and phos- 
phorus oxychloride (23 Gm.) by the procedure 
described for the preparation of benzofuran-2-car- 
boxaldehyde except the reaction mi.xtme was heated 
at 93 ± 2° for eleven hours and the product isolated 
as the free aldehyde by concentrating the dried 
ethereal e-xtract and recrystaUizing the crystals 
from petroleum ether. The yield of the yellow 
needles, m. p. 80.0-80.5°, was 16 Gm, (75%). 

2 - M ethyl - 3 - benzof urf urylidene -/)-aminophenol- 
(XXIV). — Three grams of 2-methylbenzofuran-3- 
carboxaldehyde and 2.1 Gm. of /)-aminophenol were 
dissolved in 10 cc, of hot absolute alcohol and 
heated under reflux for one and one-half hours 
The product, failing to crystallize after the reaction 
mixture was allowed to stand in a refrigerator over- 
night, was cooled with a dry ice and acetone mixture. 
The product which precipitated was recrystallized 
first from methanol and then from benzene. 

2 - MethyI-3 -benzofurfurylidene-p-chloroaniline- 
(XXV). — A solution of 2 Gm. of 2-methylbenzo- 
furan-3-carboxaldehyde and 1.65 Gm. of p-chloro- 
aniline in 14 cc. of absolute alcohol was heated under 
reflux for two hours and then allowed to stand in a 
refrigerator overnight. The filtered precipitate 
was recrystallized from alcohol. 

2-Methylbenzofuran-3-carboxaldehyde Isonico- 
tmoylhydrazone(XXVlI). — This compound was pre- 
pared as the benzofuran-2-carboxaldehyde analog 
from 1.92 Gm. (0.012 mole) of 2-methylbenzofuran- 

3- carboxa!dehyde and an equimolar amount of 
isoniazid. 

2-MethyIbenzofuran-3-carboxaldehydeThiosemi- 
carbazone (XXVT), 2-MethyIbenzofuran-3-carboxal- 
doxime(XXVni), and 2-Methylbenzofuran-3-car- 
boxaldehyde Phenylhydrazone(XXIX). — These com- 
pounds were prepared by the usual procedure (16), 
using 0.015 mole of the aldehyde. Compounds 
/^XVI and XXl^III were recrystallized from diluted 
I alcohol, while compound XXIX was recrystallized 
5 from alcohol. 

/ 

Antifungal Section 

The compounds prepared were screened in vitro 
for antifungal activity against Microsponim 
niidouini, Microsponim ^ypsctim, and Trichophyton 
rubriim in solutions and/or ointments, using un- 
decylenic acid as a standard. 


An agar-plate, paper-disk technique, similar to 
that reported by Goettsch and Wiese ( 10), was used 
for the testing of the compounds in solutions. 
Sabouraud's de.xtrose agar, pH 5.6, with the addi- 
tion of 0.1% of Tween 80, was used as the culture 
medium. The compounds tvere tested in 5% and/or 
1% solutions in acetone or alcohol, according to the 
individual solubilities. In a few cases, 4% solutions 
were used instead of 5%. Water was used as solvent 
in one case. Acetone and alcohol were tested as 
controls. Two disks, 12.7 mm. in diameter, were 
placed on each culture plate and duplicate plates 
were run in each case. The zones of inhibition were 
measured after the plates were incubated at room 
temperature (25-29°) for seven days. Averages of 
four readings are listed in Table II. 

The same method was used for the preparation 
of culture plates when ointments instead of solu- 
tions were used for testing. Five per cent ointments 
of those compounds, which were less soluble in the 
solvents used or showed higher activity in solutions, 
in hydrophilic ointment U. S. P., ivith no preserva- 
tive, were prepared and placed in tubes under 
aseptic conditions. Two streaks of the ointment, 
about 50 mm. in length and 100 mg. in weight, were 
placed separately on each plate Two plates were 
used for each compound. The ointment base 
was included in testing as control. These plates 
were also incubated at room temperature for seven 
days. Averages of the zones of inhibition, measured 
as the minimum distance between the periphery of 
the ointment and the colony growth, are in shown 
Table in. 


DISCUSSION 

Benzofuran-2-carboxaldehyde has been prepared 
from 2-methylbenzofuran by o.xidation with selenium 
oxide (12), from the glj’oxal compound derived from 
coumarilic acid (14), and from couraarilic acid 
anilide (13) The last method has been tried and 
proved satisfactory only on a very small scale For 
the preparation of this compound, the authors have 
modified the procedure of Bisagni and co-workers 
(11). By modifying both the reaction conditions 
and the process of separation and purification, the 
yield has been improved, with 71% of the theoretical 
yield obtained as compared to a reported 37% yield. 
The procedme for preparing 2-methylbcnzofuran-3- 
carboxaldehyde (11) has been similarl}’ modified. 

2-Methylbenzofuran, the intermediate for 2- 
methylbenzofuran-3-carboxaldehyde, was prepared 
in 85% yield by the Wolff-ICishner-Huang reduction 
of benzofuran-2-carboxaldehyde according to the 
procedure of Bisagni and co-workers (11). The 
poor yield originally reported is doubtful. 

The procedure for the decarboxjdation of cou- 
marilic acid reported by Tanaka (15) has been 
modified in two aspects with favorable results. 
First, only one-third the quantity of quinoline ivas 
used, and secondly, the product was isolated and 
purified directly by fractional distillation. 

As to the synthesis of the new benzofuran com- 
pounds, no difficulty was cncounted in the prepara- 
tion of common derivatives of aldehydes such as 
oximes, hydrazones, and thiosemicarbazones by the 
usual methods. 

There were considerable amounts of resinous by- 
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products formed, probablj' from the alkali-catals'zed 
polymerization, when benzofurfurylideneacetone 
(XIX) was prepared. No suitable solvent for satis- 
factory crystallization of this compound was found, 
so sublimation under reduced pressure was finally 
employed to purify the product Perhaps this 
side-reaction could be inhibited to some extent b 3 ' 
conducting the reaction at lower temperatures 

The difficulties encountered in purifying the 
aminoguanidine and aminopj'ridine deri vatives( IX, 
XVI) account for the poor yields. 

In the preparation of the aniline denvative(X). it 
was found imperative to obtain crj'stals from the 
reaction mixture by cooling, washing, and filtering 
before anj'^ further purification could be accom- 
plished. Otherwise, a pure product could not be 
obtained even by vacuum distillation 

The results of the vitro antifungal studies, as 
shown in Tables II and III, indicate that most of the 
compounds tested exhibited some activit 5 ' against 
one or more strains of fungi Generally, nine com- 
pounds (I, VII, IX, X, XVI, XXII, XXIII, XXIV, 
and XXVIII) showed equal or greater activity than 
undecjdenic acid, which is a frequently used stand- 
ard antifungal agent Solubility of the individual 
compound seems to be one of the factors which in- 
fluence the activity, since none of the least soluble 
compounds exhibited significant activity even in 
ointments In this connection it is interesting to 
note that compound XI was practically inactive 
while its analog, compound XXIV, which was much 
more soluble, was among the most active compounds. 

Of all the compounds tested, benzofuran-2-car- 
boxaldehyde(I) was most active in everj' case 2- 
Methj’lbenzofuran-3 - carboxaldehyde(XXIII), al- 
though more active than undecylenic acid against 
two of the three organisms used, was less active than 
benzofuran-2-carboxaldehyde Chemically they are 
different in two ways, i. e., the position of the alde- 
hyde group and the presence of a methyl group in 
XXIII. It is thought that the methyl group greatly 
decreases the polarity of the carbonyl group, and 
probably this factor plays a more important role 
in decreasing its antifungal activity Although no 
conclusion should be drawn without further studies 
in this field, the relationship between the activity 
and polaritj^ of antifungal compounds have been 
noted in several other studies (17-19) 

Until more of the related compounds are prepared 
and studied, it is difficult to say whether the benzo- 
furan nucleus or the aldehyde group contributes 
more to antifungal activity, or if both are essential. 
Although the antifungal antibiotic, griseofulvin 
(8) is a carbonj’l derivative of benzofuran. Ward and 
co-workers (4) noted no structural specificity in the 
nitrofuran compounds studied. 

The activity shown b}- a number of other com- 
pounds tested is not necessarily due to reformation 
of the parent aldehyde, since among seven deriva- 
tives of compound XXIII studied, three compounds 
(XXIV, XXVIII, and XXIX) e.xhibited somewhat 


greater activity than the parent compound in one 
or more cases. 

Among the usual derivatives of the two aldehjdc^, 
both oximes are quite effective. This agrees m'th 
the fact that most of the functional derivatives of 
aldehydes reported to possess antifungal properties 
were oximes (2-4). While one phenj’lhydrazonc 
(XXIX) showed moderate activity against all' 
three organisms, another(III) was only very weallj 
active against two organisms. All the seniicar- 
bazones (IV, XXX), thiosemicarbazones(V, XXVI), 
and /)-nitrophenyIhydrazone(VI) tested showed little 
or no activity. 

Both of the isonicotinoylhydrazones(VIII, 
XX\TI) were inactive against the fungi. The un- 
saturated ketone(XIX) formed by the Claisen reac- 
tion was somewhat active. The aminoguanidine 
derivative(IX) was one of the most active com- 
pounds in this series It may be interesting to 
point out that another antifungal antibiotic, Eulicin, 
is a guanidino compound (20) 

Of the imines, or Shiff’s bases, prepared from the 
various aromatic and heterocj’clic amines, the 
aniline and aminopyridine derivatives(X, XVI) 
were among the most active agents found in this 
investigation Except in the case of compound 
XXIV, no monosubstituted aniline derivatise 
showed significant activity Compound XXII, 
however, with both chlorine and nitro groups on the 
benzene ring, indicated an enhanced activity. 
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Mixing of Pharmaceutical Solids: 
The General Approach* 


By DAVID TRAIN 


I T IS IMPORTANT to have a suitable criterion for 
good mixing for pharmaceutical solids, be- 
cause the attainment of an accurate dosage of a 
small quantity of a potent drug so often depends 
on the thoroughness by which it is dispersed 
through the bulk of another, or other materials. 
Mixing of solids, of necessitjq presupposes the 
particulate form, and there are certain factors 
and properties associated with particles that will 
always affect the results of a mixing opferation. 
It is the purpose of this paper to review these 
factors and properties, and also the operation, 
so that desirable criteria and possible practical 
procedures may be assessed rationally when a 
specifie problem in solid mixing is being con- 
sidered. 

Consider an assemblage of particles or a static 
powder bed before any mixing process begins. 
All particles are subject to a constant force of 
gravity and they are in some sort of spatial 
equilibrium with one another. As long ago as 
^..'385 Osborne Reynolds (1) showed that in order 
to obtain relative particulate movement within 
such a bed, the volume of the bed must be in- 
creased. Subsequent work by Jenkin (2), and 
by Brown and Hawksley (3) have amply con- 
firmed that even in the case of a randomly packed 
bed, no appreciable movement can take place 
while the bed is in the condition that it spon- 
taneously takes up as it is formed. Brown and 
Hawksley found that movement in a bed was 
produced by failure along a slip line or, in other 
words, a shear movement. For such a move- 
ment to take place, there must be sufficient space 
between the particles and this provides the first 
necessary condition for mixing. Assuming there 
is a preliminary condition of partial or total segre- 
gation, it follows that mixing must be achieved 
by some form of interparticulate movement, and 
this can only take place if the bed of particles is 
expanded. The extent to which a powder mass 
may be made to dilate is a complex function of the 
physical properties of tlie materisds forming the 
fsj'stem, but a good empirical test is to compare the 
jspecific volume of a tapped bed (4) with the spe- 
' cific volume of the same bed which is on the point 
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of being fluidized. The ease with which move- 
ment could take place is, within reason, a direct 
function of the degree of expansion which can be 
produced in the specific volume of the particulate 
system. Practically, this means that there 
should be sufficient room in a mixing container to 
allow the powder mass to dilate, and it also points 
to the risk of loss of economic efficiency if the 
space in a given mixer is overfilled. 

Assuming interparticulate movement is pos- 
sible, then, in order to produce such movement, 
suitable forces must be applied to the particles. 
Since continued application of pure tensile or 
compressive forces will serve only to increase or 
decrease the specific volume of the system without 
the particles changing stations relative to one 
another, it follows that shear forces will be neces- 
sary to produce interparticulate movement. See 
Fig. 1. Because the force of gravity is constantly 
applied, a vertical force either reduces or rein- 
forces the vertical stress according to whether its 
direction is upwards or downwards. Any hori- 
zontal component of force acts at right angles to 
the gravitational force, and will, in combination 
with the vertical force, automatically induce a 
shear stress into that part of the system. If the 
system is incapable of resisting such a stress, 
movement along a slip plane takes place. 
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Fig. 1. — Action of forces acting on a particulate 
system. 


The forces are introduced by some e.xtemal 
means and, by interparticulate transmission, act 
within the bed. To ensure mixing there must be 
such movement that each and every’ particle could 
visit, if given time, every point within the con- 
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fines of the S3’stem in its expanded state. Tliis re- 
quires a three-dimensional stress system which 
will induce movements in all planes To ensure 
rapid, and therefore economic, mixing it is 
necessar}- to cause the greatest possible number of 
slips per unit of time. If adjacent slip planes 
are produced so that the\^ are not more than one 
particle apart then there will be movement be- 
tween all particles 

These considerations give, o pnort, require- 
ments of any apparatus to be used for mixing 
solid particles The specific volume of the sj'stem 
must be suitably increased to give freedom of 
movement to the particles Forces must act so 
that a three-dimensional grid would be necessar}' 
to plot the lines of movement of each and everj' 
particle. These forces must be such that, in 
time, each particle could visit every point within 
the confines of the particulate system in its ex- 
panded condition Finally, when all movement 
ceases the system must be able to take up a state 
of static equilibrium without segregation of 
particles taking place Applied to anj' specific 
situation three possible causes of inefficient mix- 
ing are highlighted; (a) Insufficient dilation of 
the bed, either generally or locally, this causes 
hindrance to particle movement and in its mildest 
form causes increased time for mixing, and imder 
the worst conditions would prevent any pos- 
sibility of proper mixing being achieved (6) In- 
duced forces being insufficient to produce suitable 
movement in all directions, thus leaving portions 
of the assemblage undisturbed This can be 
manifest as movement in two axes only as in a 
simple cjdindrical drum revolving horizontally 
about its axis when there is little or no lateral 
particulate movement Inadequate forces may 
also allow the presence of dead zones within a 
s\'stem, or may allow aggregates (loose assem- 
blages of particles held together by light cohesive 
surface forces such as those caused by water films 
or electrostatic charges) to move round as com- 
pound entities, within which no relative move- 
ment or particle e.\change takes place (c) Prefer- 
ential movement of a certain type of particle due 
to dissimilarity of physical property (e g , size or 
density) of materials being mixed. This can be 
the cause of imperfect mixing, however long the 
operation is allowed to proceed, or segregation 
as soon as mixing conditions change, such as 
stopping at the end of the process. 


EFFECTS PRODUCED BY DISSIMILAR 
PARTICLES AMD SURFACE-ACTIVE FORCES 


Before considering the criteria for mixing, it is 
necessary to summarize the effects produced by 


certain physical conditions which can occur in 
the materials to be mixed. 

First, there is the difference in size between 
particles. Coulson and Alaitra (5) have reported 
careful investigations using a simple drum mher 
ivith its axis set at an inclination of 23° to the 
horizontal because this angle gave best mi\inc 
conditions. They found that if fine particles were 
put at the bottom of the drum and coarse par- 
ticles of the material placed on top, no nn\ini: 
occurred UTien the position of the sizes was 
reversed, the larger being on the bottom, then 
mixing did occur for a short time but segregation 
developed as the coarse particles rose to the top 
of the bed The reason for this difficult}- of pro- 
ducing or maintaining a mix with particles of 
different sizes is due to the small particles being 
able to fall through the void spaces between the 
large ones See Fig. 2. A small particle, 
d = 0 41Z), can just slip between four larger 
particles touching in a square grid, while a par- 
ticle d = Q\5D can just slip between three larger 
particles touching on a triangular grid. 




Fig 2 — Small particles slipping between large 
particles 


Practically, it must be recognized that with any 
mixing apparatus, there is always a tendency for 
segregation if there are large differences in par- 
ticle sizes It is also important to note that 
even if a true mixture is obtained, the condition 
is unstable and rvill separate rapidly if subjected 


to vibration in storage or subsequent processing 
Thus, although it must be accepted that some 
mixtures have to be made with materials of 


different sizes, it should always be the aim to mo 
components with the same size range and the 
closer the range, the simpler the operation 
A second condition may be caused by a dcnsit) 
difference between the component materials, 
The effect is not so marked as that of difference in 
size, but Coulson and Maitra showed that the 
rate of mixing was impeded by an increase m 
density difference. This was supported by Gra) 
(7) who also found that there was a tendency for 
segregation to develop w-ith time of mixing in the 
case of certain systems, like the concrete mi'cr. 
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The prevention of segregation in this case requires 
a condition of vigorous movement between the 
particles coupled with a restriction on freedom to 
) move in order to prevent segregation under free 
falling conditions. This is a difficult specification 
.to comply with in practice. Machines which 
reverse the gravitational field help to reduce the 
adverse effect of density difference. Again vibra- 
tion during subsequent processing or storage will 
help to produce segregation of the mixture. 

The effect of particle shape on mixing condi- 
tions has not been extensively investigated, but 
it is well known that roughly equidimensional 
particles are easier to mix than any other shape. 
The addition of flat or acicular particles prolongs 
the mixing time because of their tendency to 
bundle, and vigorous treatment is often required 
to break up such assemblages. 

The fourth condition is the part played by sur- 
face-active forces so that groups of particles are 
held together as aggregates and consequently do 
not disperse evenly through the other com- 
ponents. The forces which produce this are 
mainly surface tension due to adsorbed liquid 
films, electrostatic charges, or possibly to weak 
Van der Waals forces. Since the forces act on 
the surface of the particle, their effect becomes 
greater as the specific surface area of the solid in- 
aeases, that is, as the absolute particle size be- 
comes smaller, and produces powders which have 
high angles of repose and poor flowing character- 
istics. Andreasen (8) made some investigations 
into the “stickability” of powders and found 
that, in those materials which had a propensity 
to aggregate, the effect became very marked with 
particles smaller than 10 it. This figure is quite 
arbitrary but it is a useful one to use because it 
conveniently provides an upper size limit of what 
could be subjectively called a “very fine powder.” 
Neumann (4) was interested in setting up an 
index of “stickiness” and she achieved this by a 
technique developed by Hawksley (9). Briefly, 
she found out how much of a course granular ma- 
terial she required to add to a given sticky powder 
in order to make the resultant mixture have cer- 
tain flow characteristics so that it would maintain 
a steady flow through a standard orifice. The 
results for a selection of powders is given in 
.Table 1. 

^ To explain the change in conditions produced 
yin the powder, Andreasen postulated that the 
fine particles were adsorbed onto the surface of 
the large particles and as the mass of a large 
particle was sufficient to overcome aggregation 
by surface forces, the material became free flow- 
ing. As an investigation, Andreascn’s experi- 


Table I, — Stickiness of Powders 


Material 

Mean 

size, 

Sand 

Required to 
Produce 
Free Flow, % 

Catalyst microspheres 

25 

0 

Calcium fluoride 

30 

0 

Anhj’^drous sodium carbonate 

100 

23 

Titanium dioxide 

0 6 

26 

Refined kaolin 

2 

1,200 

Natural fuller’s earth 

0.1 

26 

Activated fuller's earth 

5 

60 

Cement 

10 

100 

Flour 

25 

80 


ments were successful, but the inferences must be 
applied with care to the mixing of pharmaceutical 
powders. For example, there is no evidence that 
all the aggregates of fine powder are broken up 
when sufficient coarse material has been added to 
make the mixture flow. Thus, compound par- 
ticles can still exist and dispersal on a microscale 
is patchy and irregular even though the random 
distribution of the large particles through the mix 
may be perfect. Also, Andreasen was concerned 
with making a powder with poor flow qualities 
free flowing; he did very little to investigate the 
extent of segregation which can be produced with 
such a mixture under suitable conditions of sub- 
sequent processing and storage. 

With the foregoing as a basis it is now possible 
to select a few examples to illustrate some of the 
inherent limitations in performance of various 
types of mixing equipment. Reference has al- 
ready been made to the poor mixing ability of a 
simple cylindrical drum revolving about its axis 
because most of the individual particulate move- 
ment within is in one plane only. Various me- 
chanical devices have been introduced from time 
to time to overcome this weakness. The addi- 
tion of helical flights in one form or another was 
probably the first modification, and of recent 
years, revolving the drum wth its axis at an angle 
to the horizontal, or on an axis which is at an 
angle to an axis of S3mimetry and to the direction 
of gravity, has been used successfully on a com- 
mercial basis. Into this category, too, may be 
placed the rotating cube-type mixer. The 
Z-blade mixer and planet mixer exhibit other 
variations in that movement is induced by im- 
pellers, while the container remains stationary. 
All techniques induce a skew movement on the 
particles as they fall under the influence of 
gravity This enhances the mixing quality of 
the system, and is usually successful for mixing 
free llowng particles of even density. If density 
differences have to be accommodated then mixers 
producing a periodic abrupt reversal of flow of 
the powder, such as the double, V-, or Y-cone 
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mixers with baffles are the equipment of choice. 
However, in all the types of plant mentioned 
above it must be remembered that intensity of 
shear between particles is mild, and while little 
or no attrition of other particles may be a de- 
sirable property in the case of blending free 
flowing powders, the break-up of closely held 
aggregates of small primary particles of a specific 
ingredient is an inefficient process. 

Because size reduction equipment relies almost 
exclusively on the principle of shear to break 
down solid material, it is to be expected that most 
types of plant used for this process have, at one 
time or another, been utilized for mixing powdered 
solids. Shear forces in mi.xing are especially 
important to help the break-up of the compound 
aggregates into primary particles. The use of 
such plant, however, means reducing in size by 
mechanical breakage at least a proportion of the 
particles. That this will happen is often antici- 
pated and in such cases ingredients, which are 
initially oversize, are fed in the correct propor- 
tions into the plant and are reduced and partly 
mixed in one operation. It must be emphasized 
that although size reduction machinery is used 
for the mixing process because of the shear forces 
used, this does not necessarily make such plant 
good mixing apparatus; there may be efficient 
incidental mixing on a local scale, but general 
mixing either does not take place or if it does, 
proceeds slowly and may therefore be uneco- 
nomic. 

Muller-type reducers, as exemplified by the 
pestle and mortar, the end or edge runner mills, 
or the buhr-stone mill, produce a shearing action 
between two surfaces moving parallel to the plane 
of contact. Only a small portion of the material 
is being processed at any one time and general 
mixing is slow because the bed is virtually in an 
unexpanded state and there is little relative move- 
ment in the bulk of the particles except near the 
zone of the muller. 

With size reducing plant using impact prin- 
ciples, such as the pin disk mill, the hammer mill, 
or the fluid energj' mill, intense shear forces on a 
local scale produce a breakdoivn to primary 
particles and turbulent air currents ensure mixing 
of any particles which happen to be in the plant at 
the time. However, the hold-up capacity of such 
machines is usually low, so that little or no general 
mixing is possible and therefore this must be 
done by other means. 

Sieving and sifting techniques have often been 
recommended as suitable for aiding a mixing proc- 
ess, on the basis that a seive helps to break up an 
aggregate or a concentration of an ingredient into 
primar}' particles, or, alternatively, the meshes act 


as simple proportioning device and redistribu 
the material as it lands on the sieve. This seem 
premise is probably correct and is a useful pn 
cedure when the size of the holes is large conipan- 
tvith the dimensions of the particles. The bas 
for breaking down aggregates is not so wc 
founded however, because a mesh size must 1 
selected which is only a little larger than the Iar< 
particles. Since, on a probability basis, tl 
smaller particles will tend to pass through firs 
it follows that there will always be a segregatir 
on a particle size basis during the process, tin 
defeating the object of mixing. 


pharmaceutical requirements of 

THE MIXING OPERATION 


Having set out the principles of mixing ar 
briefly reviewed the limitations of the apparati 
used to achieve it, it is necessary to consid 
the use to which this operation is put. Plianii; 
ceutical materials are being mixed and therefor 
by implications, are essentiallj^ for raedicin; 
or veterinary use. The physician or veterinarla 
prefers to use medicaments which produce precii 
and dependable effects. This can only 1 
achieved by using carefully standardized in: 
terials in exact quantities, and the pharmaceutic 
world has built up a reputation for supplying nw 
of its dosage forms in this manner by suitab.. 
process and analytical control. To be successliil 
such control has to be used intelligently, and tins 
applies especially in the case of any dosage forms 
involving the use of mixtures of powders. Mudi 
has been said and written about the procedure iot 
sampling particulate matter when every effort 
is made to obtain a representative sample of a 
batch of material. Such routines are correct 
when a commercial transaction is involved, for 
it is an assessment of the average content of the 
ingredients that is required. But when a powdef 
is to be used as the basis for a medicine, then it is 
the actual content of a specific single dose which 
must be the criterion for control and sets what 
has aptly been named “the scale of scrutiny' (•'))• 

The concept may be clearer to understand if 
one quotes a few examples: the scale of scriitmi 
for a foot powder or a dusting powder is the 
amount of an average application ; for an intemru-^ 
medicine it is the dose unit or minimum normal 1 
dose, a teaspoonful of effervescent granules, 
contents of a capsule or cachet, a suppository, or a 
tablet. 

The physician and patient have every right to 
expect that the stated amount of medicainenl i--. 
in fact, present in each and every dose jiroduct 
and that the acceptable variations of amount fal 
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Table II — Relation Between Minimoti Unit Dose and Analytical Sample of Selected Tablets 

IN U, S. P, XV AND B. P. 195S 


Ref. 

Medicament 

Analytical 
Limits, % 

Scale of 
Scrutiny, 
Dose, mg. 

Assay Sample 

Dose Wt. as 

Units Active 

Used Principle, mg. 

y Analytical Sample- v 

Equiva- 

Wt. as alent 

Active Dose 

Principle, rag. Units 

B. P. 

Acetomenaphthone 

92V2-107V! 

0.5 

400 

200 

200 

400.0 

B. P. 

Ascorbic acid 

90-110 

25.0 

20 

500 

50 

2.0 

U. S. P. 

Atropine sulfate 

90-110 

0.3 

200 

60 

60 

200.0 

B. P. 

Carbimazole 

90-110 

5.0 

20 

100 

6 

1.2 

U. S. P. 

Colchicine 

90-110 

0.5 

50 

25 

25 

60.0 

U. S. P. 

Cortisone 

90-110 

25.0 

10 

250 

25 

1.0 

B. P. 

Cortisone 

90-110 

25.0 

20 

500 

10 

0.4 

U. S. P. 

Digitoxin 

90-110 

0.1 

50 

5 

2 

20.0 

U. S. P. 

Reserpine 

90-110 

0.1 

20 

2 

1 

10.0 

U. 5. P. 

Stilbestro! 

90-110 

0.1 

100 

10 

10 

100,0 


within precise and, preferably stated, overall 
limits. Mixtures of powders and products de- 
rived thereform may, in fact, fail to comply' 
with this requirement. The final analytical 
control provides the last check to ensure that 
the product contains the stated dose of medica- 
ment, and it follows from medical requirements 
that the analytical techniques adopted should, 
and even must be able to, check adequately the 
magnitude of minimum unit dose and also provide 
assessment of the possible variations in amount 
1 per unit dose due to limitations in manufacturing 
1 procedures. 

The ideal condition is to be found in a simple 
random analytical sample, the size of which is 
smaller than the minimum unit dose, in which the 
analyst is confident that his analysis truly repre- 
sents the specification of the bulk of the material 
and would be identical with that of any other 
random sample of the same size. In this case 
it may be unreservedly assumed that any dose 
unit contains the required amount of medica- 
ment. Such a condition is found in medicaments 
in the form of simple solutions with low vis- 
cosities of say less than 10 centipoises. If, 
however, the size of the analytical sample exceeds 
the normal minimum dose, uncertainty of the 
accuracy of the dose must always exist to a 
lesser or greater extent according to the number 
of dose units which are used to make up the an- 
alytical sample. This is because there is the possi- 
bility of variation in content within the units com- 
prising the sample. From a physician’s or patient’s 
^ point of view, these unknown variations will be 
N in addition to those included in the range allowed 
] by the analysis as well as those inherent in meas- 
' ' uring the dose unit concerned. These unknmvn 
variations will be small or nonexistent in materials 
which can be adequately mixed but in the case of 
materials which are difficult such as powders, 
they can be quite large so that apparently 


identical unit doses could produce important 
differences in pharmacological response. 

To illustrate this point reference should be 
made to the official requirements for some prod- 
ucts of powders, i. e., tablets, in the U. S. P. XV 
and B. P. 1958. (See Table II.) The smallest 
dose in which the medicament is normally pre- 
scribed has been selected because it is in this 
condition that, between doses, the greatest 
variation is possible. It will be seen that 
400 'acetomenaphthone B. P. dose units or 200 
atropine sulfate U. S. P. dose units are required 
to produce a minimum anal 3 dical sample. Thus 
the variations to be found between 200 individual 
doses of atropine sulfate have been averaged 
to give a mean content of drug with an allowable 
error of 10% about the stated content. Thus 
any imperfection of mix in any one tablet will be 
masked by the contribution made by 199 units 
which also form the analytical sample. On the 
other hand only two-fifths of the minimum dose 
of cortisone is required as the analytical sample 
for the B. P. assay yet the analyst has been 
required to take 20 such dose units to make his 
sample. Other examples speak for themselves. 
It will be seen that the emphasis has been to 
obtain a reasonable mean and is probabl}' favor- 
able to the manufacturer. Products only fail to 
pass the test if there has been a gross error of 
judgment in manufacture when, correctly, the 
batch should be rejected. 

It has been deemed necessarj' to check the 
uniformity of weight of individual products, 
but no method is given or suggested so tliat the 
uniformity of mix may be checked on a minimum 
dose unit scale. Thus the uniformity of mix of 
the ingredients is left to the inherent mixing 
capability of the machine and the integrity of the 
operator to run the machine to give the optimal 
conditions of mix if he knows them. 

In practice, where the phannacological in- 
tention of the dose is to correct a deficienc}^ or 
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maintain a medication, as in ascorbic acid or 
digitoxin, the patient’s body probably can ac- 
commodate the possible product-to-product vari- 
ation in dose, but when the analytical sample 
rises above 50 dose units, the course of treatment 
must be long before it can be safelj’ assumed the 
patient has taken a mean dose consistent with the 
mean content as shown by analysis. A^Oien 
medication depends on the effect produced by 
only one or two dose units, then it is reasonable to 
assume that sufficient attention is paid to the 
checking of individual dose units. It should be a 
matter of professional pride that this is done. 
However there are certain principles of prob- 
ability which come into the process of mixing and 
these must be clearly borne in mind when a 
mixing procedure or checking scheme is being 
developed. 

Because there is a trend towards dry mixing of 
powders for slugging in tablet manufacture and 
for filling capsules, it is a useful e.xercise to assess 
the statistical aspects of obtaining a unit dose 
with the correct proportion of ingredients from a 
truly randomized bulk mixture of equal sized 
particles of ingredients present in their correct 
proportions. The probability of obtaining a 
sample containing the correct proportions of 
the ingredients varies with the number of 
particles taken for the sample (10). Thus, in tak- 
ing samples from an infinite supply of a 50:50 
mixture of P and Q, a sample of « particles will 
on an average contain n/2 particles of P. But 
an3r one sample may contain less than this 
number with a corresponding increase in Q. 
The error to be expected can be expressed mathe- 
maticall)’^ in the form given by the standard 
deviation about the mean, and it can be shown 
that multiples of the standard deviation may be 
used to determine confidence limits to give the 
proportion of samples, consisting of a given 
number of particles, that would have less than a 
given variation in the proportion of a selected 
ingredient. 

For example (See Table III), in the case of a 
50:50 mixture, the standard delation of one 
component, expressed as a percentage of the 
whole, is given by 100/a, where a is the number 
of particles in the sample. This means that if 


Table III. — Perfect Mlxing'’ 


ConPdence Level ^ 777^ 

of No. of Samples ?? = 100 

68.3 10 

95.5 20 

99.7 30 


Limiting Error in p 

« = 10,000 « = 1 , 000,000 

1 0.1 

2 0.2 

3 0.3 




a Proportion of PtO = 50:.TO; no. of particle^ in a sample 
standard deviation of sample, % = 100/ Vn. 


a sample of 100 particles w'ere taken, one could 
be confident that 6S.3 per cent of samples would 
have less than a 10 per cent error in tlie propor- 
tion of P, and in like manner 95,5 per cent of 
samples would have less than a 20 per cent 
error, while 99.7 per cent samples would have 
less than a 30 per cent error in P. If the sample 
size n, were raised to 10,000 particles the errors 
for each confidence level will have reduced to 
1, 2, and 3 per cent, respectively, while if « is a 
million particles, the errors will have been re- 
duced to 0.1, 0.2, and 0.3 per cent of the desired 
proportion. 

If, however, the proportion of one ingredient is 
small (see Table IV), then the standard deviation 


Table IY. — Perfect Mixing" 


Confidence Level 

-% Limiting Error in ^ — • 

<•0.01 0.01 0.025 

of No. of Samples, % 

n flOO 

250.000 

1,000.000 

68.3 

30 

2 

2 

95.5 

60 

4 

4 

99.7 

90 

6 

c 


o Proportion of F:() = j>: 1-p; no in sample — «; standard 
deviation of sample, % = lOO/x/pn. 


from the mean of the proportion of a given 
ingredient, expressed as a percentage, may be 
estimated byr 100/\/p)i, where p is the proportion 
of the material expressed as a fraction and n is 
the number of particles in a sample. It will be 
seen that for a 1 per cent dispersion and a sample 
of 900 particles, the confidence levels will be as 
follows: 68.3 per cent samples would have less 
than 30 per cent error in the proportions of P, 
95.5 per cent samples would have less than W' 
per cent error in the proportions of P, and 99. i 
per cent sfimples would have less than 90 per cent 
error in the proportions of P. To assume reason- 
able errors of 2, 4, and 6 per cent, respectively, 
the total number of particles per sample must Iw 
of the order of 250,000. Applied to dry mixing 
of powders, this means that for a dose of 1 mg. of 
drug in a product weighing 100 mg. the total 
material should be reduced in size to give at 
least 250,000 particles so that the unit dose, 
based on a perfect mixing operation alone, may 
be within 4 per cent of the correct dose for 95-) 
per cent of the products and within 6 per 
for 99.7 per cent of the products. Assuming 
that the drug and diluent have a spedfic gravity 
of 1.5, the mean particle size of all ingredients 
must be less than 50//. 

One of the smallest doses in either pharma- 
copeia is 0.1 mg. Assuming that this is to H 
presented as a 40-m^. dose unit, the dilution i' 
1 in 400, Working to the same confidence 
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limits as the preceding example, the unit sample 
should contain at least 1 million particles so 
that the mean particle size should be less than 
, in. 

I It must be emphasized that the foregoing 
; calculations have been based on a condition of 
"perfect mixing. If this is not obtained, the varia- 
tion in behavior between unit doses is subject to 
additional errors. It is clear that the operation 
of powder processing is by no means understood 
or worked out and that the worst enemy in this 
field is probably complacency through ignorance. 
Pharmaceutically it must always be the aim to 
supply precise individual dose units, but it 


must be concluded that present day practices in 
powder technology sometimes fail short of this 
attainment. 
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Studies on Morinda citrifolia L. IF 


By HEBER W. YOUNGKEN, Sr., HOWARD J. JENKINS, and CALVIN L. BUTLERf 

The results of a study of the anatomy of the stem of Morinda citrijolia L, are described. 

A preliminary report of the pharmacodynamic study of a 95 per cent alcoholic ex- 
tract of the root on the isolated uterine horn of an albino rat showed some measure 
of sedation using doses of 1 to 5,000 to_l to 36,000. A water decoction of the 
crude whole root, injected intravenously in the anesthetized dog, in a dose repre- 
senting 4 Gm. produced a marked lowering of blood pressure which lasted approxi- 
mately twenty-six minutes. It appears that the hypotensor activity resides in the 
water-soluble fraction of the root of Morinda citrifolia. The results of in vivo ex- 
periments gave evidence of a low order of toxicity of Morinda citrijolia root. 


An investigation of the root of Morinda 
citrijolia L. and of herbarium material of the 
same species was reported in a previous paper (1). 
The studies reported here include an investigation 
of the anatomy of the stem of M. citrijolia. In 
vitro tests on segments of the anterior horn of the 
albino rat uterus were carried out with an alco- 
holic extract of the root, and the effects of intra- 
venously injected alcoholic and aqueous extracts 
of the root were observed for hypotensor action 
in rabbits and dogs. 


PREPARATION OF MATERIALS! 

The materials were prepared for anatomical 
studies by repeatedly boiling and sectioning stem 
segments approximately 5, 12, and 18 mm. in di- 
ameter. The bark portions were placed between the 
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'The materials used in these studies consisted of an 
entire long branch of 3f, citrifolia coitected from a plant 
growing m the Indian Museum Garden, Calcutta, India, by 
Dr. Sunil C. Datta; and about 20 pounds of roots and 20 
pounds of stems of .If. citrifolia gathered in India by coilectors 
of the S, n. Pcnick Co. 


flat surfaces of cork prior to sectioning by the 
sliding microtome and by free hand. Transverse, 
radial longitudinal, and tangential longitudinal 
sections were cut and mounted separately in water, 
dilute glycerin, 2% potassium hydroxide solution, 
iodine water, and phloroglucin-HCl. Schulze’s 
maceration method was employed to facilitate the 
separation of the Ugnified from the nonlignified 
elements, followed by teasing them apart on the 
microslide and mounting for microscopic study. 
Structures were studied under the low and high 
magnifications of the microscope. Scrapings of 
representative parts of the branch were also ex- 
amined microscopically in these reagents and the 
results recorded. Starch grains were examined and 
measured in water mounts of scrapings and pow- 
dered stem material. 

ANATOMY OF THE STEM OF 
Morinda citrijolia L. 

Examination of transverse sections 5 mm. in 
diameter revealed the following structure; (a) 
an epidermis of clear cells with strongly cutinized 
outer and radial walls; (6) a hypodermis of two 
zones, the outer of which was composed of a layer 
of parenchyma, the inner zone consisting of two 
layers, the outer of an almost continuous band 
of stone cells interspersed here and there witli 
groups of sclcrcnchyma fibers, the inner layer 
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Fig. 1 — Representative portion of a transverse 
section of a distal segment of a stem 5 mm in 
diameter of Mortiida alrtfoha L E, Epidermis. 
H, hypoderfflis containing stone cells and groups of 
fibers (Scl); Co, cortex, Pe, pericycle, P, phloem, 
C, cambium: X, xylem; r, -xylcm ray; v, vessel, 
wp, wood parenchyma, /, wood fiber, M, pith 
Magnified. 


consisting of parenchyma and scattered stone cells 
with an occasional small group of sclercnchyma 
fibers; (c) a cortex consisting of four layers of 
cortical parenchyma some of the cells of which 
contained small starch grains; (d) a pericycle of 
about three laj-ers and consisting chieflj’ of ordinary 
parenchyma in which groups of pericyclic fibers were 
scattered; (e) a narrow phloem of sieve elements and 
phloem parenchyma traversed by phloem rar-s, 
(/) a wavy cambium of meristcmatic cells; (g) 
a broad xylem of numerous wood wedges separated 
from each other by xylem rays from 1 to 3 cells 
wide. The walls of the latter were pitted, non- 
lignified to lignified. The wood wedges contain 
vessels which are mostly isolated and also arranged 
radially, numerous tracheids and groups of wood 
fibers as well as considerable apotracheal wood 
parenchyma nith pitted walls. Prominent groups 
of wood fibers with strongly lignified walls appeared 
especially abundant near the inner margin of the 
wedges. The xylem rays were composed mostly of 
radially elongated cells with nonlignificd to lignified 
walls Thev were interrupted in places by groups of 
fibers with lignified walls; {h) a pith composed of 
rounded pith parenchyma with cellulose walls 


which showed pitting. This region already showef 
evidence of centrifugal disintegration as was shww 
b 3 ’ Its hollow center. See Fig. 1. 

Longitudinal radial sections showed a\ii!h 
arranged raphide sacs containing acicularcr\st.fij of 
calcium oxalate up to 100 p in lengtli, occiirring in 
both cortex and phloem, spiral, simple pitted, and 
bordered pitted vessels and tracheids with ligiiifiw’ 
walls, elongated wood parenchyma cells with 
lignified pitted walls, and thick- and thin-walW 
wood fibers witli oblique pits in tlieir lignified 
walls 

Transverse sections of the stem from 8 to IS 
inm in diameter were characterized b_v a progressin 
increase in the number of sclerencliyma elements in 
the hypodermis and pericycle, by the occurrence d 
scattered groups of fibers in the pliloeni, an in- 
creased lignification of the walls of the xylem clc 
ments, and an increased disintegration of flic pith 
in Centrifugal fashion See Fig. 2. 

Tiie vessels were isolated and in snfall groups nl 
2 to 4 and in radial groups of 2 to 10 In longi- 
tudinal sections of the same stem diameters, their 
ends W'ere oblique, straight, or rounded and cr- 
hibited large circular openings in tlieir perloralion 
plates They measured up to 084 in lengtli and 
up to 114 (1 in width 

Longitudinal radial and tangential sections n! 
the stem. 8 to 18 mm. in diameter, showed a progres- 
sive decrease in the number of raphide sacs and an 



Fig 2 - — Diagnostical Iiistological elements occur- 
ring in the stem of Monnda nlnfolia_ h 
xj'Icm ray as observed in a t.mgciiti.d section, tr . 
4 cells of a x\4eni raj’ as observed in a transverse 
section, r, raphide sac containing aciciilar crjst.iv 
of calcium oxalate, top, wood pnreiich ym.i . l 
pitted vessel; Ir, pitted traclieid, tv. spiral vessel, 
u/, wood fibers, sd, stone cells; iC, cork 



Ting «v fiovvrt:,! ^ 

Fig 3 — Effect of Monudn filrijnliii root ' < 
alcohol S<J\hIct extract on tlie right horn, isol.ile' 
uterus of an ancstriis rat, in iitro. 
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Fig 4 — Studies on Monnda citrtjolm, effect on blood pressure 


increase in the number of stone cells in the bark 
The tracheids were of the same types as the vessels 
but mostly shorter and always with closed ends 
The wood fibers w'ere straight to curved, a number 
showing lobing or dentation toward one or both 
ends Their ends were mostly acute or attenuate, 
their walls strongly to moderately lignified with 
oblique pits, and their lumina irregular in tvidth. 
They measured up to 1,400 n in length A number 
of the parenchyma cells possessed globules of oil 
The starch grains were fewer than those previously 
observed in the root, and mostly single. They 
measured up to 15 2 in diameter 

PRELIMINARY IN VITRO 
PHARMACODYNAMIC STUDY 


Figure 3 illustrates the typical response we 
observed in the majority of the experiments 

At (I) a dilution of 1:18,000 of a 95% alcoholic 
extract was injected into the muscle chamber. 
A characteristic decrease in activity as witnessed by 
a decrease in amplitude and rate of contractions 
with some lowering of tone w'as shown Upon 
washing several times wdth fresh nutrient solution 
normal activity was resumed. 

At {II) a dilution of 1:36,000 showed still more 
sedation than the first dose which indicates that the 
tissue must have been somewhat conditioned to 
the drug Normal activity occurred upon washing 
In all the experiments some measure of sedation 
was shown, using doses ranging from 1 to 5,000 to 
1 to 36,000. 


Preliminary i)i vitro pharmacodynamic experi- 
ments upon isolated tissues were made in accordance 
with the Magnus method as described by Burn 
(2). Segments of the isolated uterine horn of the 
"albino rat were employed as the test tissue, and used 
by preference since results were more easily pro- 
ducible Further, the various stages of the estrus 
cycle can be easily determined bjf examination of 
the vaginal smear before sacrifice In our hands it 
was found that the uterine tissue of rats at anestrus 
responds much more uniformly than at other 
times of the cycle. 

The apparatus used was of the general type and 
consisted of a constant temperature bath auto- 
matically maintained at 37 5°, containing a 100-cc 
muscle chamber in which a horn or a strip of the 
uterus, freed from its mesenteric adherences, was 
immersed Oxygenation of the tissue was assured 
by using a tank of oxygen equipped ivith a valve 
which allowed a regular and constant flow of the 
gas to bubble through the nutrient solution. The 
nutrient solution was of the following formula' 

NaCl (reagent) 9 0 Gm 

KCl (reagent) 0 42 Gm 

CaCU (reagent) (anhydrous) 0 24Gra 

NaHCOs (reagent) 0 5 Gm 

Dextrose 0 5 Gm 

Distilled HiO q s 1000 0 ml. 

It was found that the addition or omission of 2.5 
/" ing. magnesium chloride to this formula makes 
T little difference in the response of the isolated organ 
I and, accordingly, it was omitted in this series of 
r experiments 

A series of ten experiments using a 95% alcoholic 
extract of Monnda ctlrifolia root was made It 
was not found necessary to dcalcoholizc the test 
substance since the small volumes of alcohol in- 
volved had been shown previously to have no 
effect on uterine tissue. 


THE PRESSOR ACTIVITY OF SELECTED 
FRACTIONS OF THE POWDERED WHOLE 
ROOT OF Morine/a citrifoUa 

Alcohol-Soluble Portion. — Twenty grams of Mor- 
utda alnfoha root was exhausted with 250 ml chloro- 
form in a Soxblet apparatus for ten hours The 
marc was extracted with 250 ml. of 70% ethanol. 
The ethanol extract was dried under reduced pres- 
sure and the orange-red residue W'as redissolved in 
60% propylene glycol This preparation, injected 
intravenously into the rabbit in a dose representing 
400 mg of the crude root, failed to bring about a 
significant lowering of blood pressure 

Water-Soluble Portion. — A water decoction of 
the crude whole root xvas made by boiling the drug 
for ten minutes The decoction was then strained 
and filtered The cloudy filtrate obtained tvas not 
filtered further. This preparation injected intrave- 
nously in the anesthetized dog in a dose representing 
4 Gm of the crude whole root produced a marked 
lowering of blood pressure which lasted approxi- 
mately twenty-six minutes, see Fig 4 This phar- 
macologic test supports Dr. Van Ho’s clinical ob- 
servations on the hypotensor action of the drug (3 ). 


Time, min 

Blood Pressure 

Heart Rate 

pre-drug 

165/95 

150 

1 

135/80 

222 

2 

20/0 

108 

3 

40/15 

108 

5 

110/70 

102 

9 5 

160/105 

84 

23 5 

150/100 

114 

26 

165/95 

130 
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Changes Induced by Gibberellic Acid on Growth 
and Alkaloid Patterns in Datura stramonium 
Linne and in Atropa belladonna Linne* 

By ROBERT E. BRUMMETT and LEO A. SCIUCHETTI 

Stramonium and belladonna were administered single 100-mcg. doses of gibberellic 
acid by application to the uppermost leaves of the plants. Growth and alkaloid 
patterns following treatment are described. A modified assay procedure for 25-mg. 
samples of material is outlined. The total plant alkaloids in treated stramonium 
were slightly less than controls at each harvest period. Total root alkaloid produc- 
tion, however, was increased about 50 per cent. Interesting differences in fresh 
and dry weights were induced in belladonna at different stages of maturity. Younger 
seedlings indicated significantly decreased growth, whereas older plants demon- 
strated significant increases. Due to increased growth the older plants displayed 
about a 32 per cent increase in total alkaloid production. The age of the plant when 
treated appeared to be an important factoi in causing increased alkaloid production. 


'Previous research (1) has demonstrated that 
gibberellic acid (G. A.) when administered 
in the form of an aqueous spra}' in concentrations 
of 100 and 1,000 p. p. m. to the leaves and tops 
of Datura stramonium and Atropa belladonna pro- 
duced a favorable effect on the growth of the 
former, but a less desirable response on the latter. 
Decreased concentrations of alkaloids were gen- 
erally noted in the morphological parts of treated 
plants. Similar trends have been reported in 
Hyoscyamus niger (2) and in different Nicotiana 
species (3). 

This study differed from our previous work (1) 
in that a single 100-mcg. dose of G. A. was ad- 
ministered to the uppermost leaves of the plants, 
patterns of growth and alkaloid formation were 
determined from periodic harvests of plant parts 
rather than from a terminal harvest, and, with 
belladonna, it was desired to determine whether 
the age of the plant (more appropriately, the 
stage of plant development when treated) would 
be an important factor in the response to the 
gibberellin effect. 


EXPERIMENTAL 

Procedure . — Datura stramonium plants employed 
in this study were grown under greenhouse con- 
ditions in a previously fertilized’ plot of ground. 
Seeds were germinated in culture flats containing 
soil composed of two parts each of sand and sandy 


‘Received August 21, 1959. from Oregon State College, 
School of Pharmacy. Con.-allis. , . 

Presented to the Scientific Section, A. Pii. A., Cincinnati 

meeting, August 1959. . u t 5 u i? 

The work with stramonium was done by Kobert 
Brummett and the manuscript resulting from this research 
"as selected as the 1959 Edwin Le.gh Newcomb Award 
The study with belladonna was done by I.eo A. Sciuchetti 
and was supported in part by a grant from the Genial Re- 
search Fund of the Graduate School of Oregon State Colle.,c. 

> Each plant was furnished with 100 
lirer (analysis— 5% total nitrogen, S'/o available phosph^e 
2 % available potash) that had been worked into the soil 
prior to planting. 


loam, and one part of peat moss. On June 24, 
1958, 56 twenty-two-day-old plants were trans- 
planted into the greenhouse soil plot. These 
were planted in three rows which were two feet 
apart and the plants were spaced two feet apart in 
each row. The plants were then divided into seven 
groups of eight each and designated as controls 
and plants to be treated. On July 1, 1958 (zero- 
time), the 24 plants that had been designated for 
treatment were given a single dose of 100 meg. oI 
G. A. 2 This quantity was delivered from a micro- 
pipet onto the surface of the youngest unfolding 
leaf by applying 0.02-ml. portions of a freshly 
prepared aqueous solution (containing 5 mg. of 
G. A, per ml.). Height measurements were taken 
twice weekly. The plan for harvesting stratnonium 
was as follows: 32 control plants were divided into 
groups of eight each and each group was harvested 
at zero, one, two, and three weeks; 24 treated plants 
were similarly divided and harvested at one-, two-, 
and three-week intervals. Division of the plant 
into its morphological parts, fresh and dry' weight 
determinations, pulverization, and storage of the 
powdered material were conducted in a manner de- 
scribed in a previous publication (1). 

The belladonna seeds were germinated m a 
manner similar to that for stramonium. The 
average germination date for the first planting ivas 
April 17, 1958. This planting is hereafter desig- 
nated as the older plants. The average germination 
date for the second planting was June 1 (hereafter 
designated as the younger plants). On June 25, 
1958, 80 plants consisting of 40 seedlings from each 
planting were transplanted into a fertilized soil pkd 
in the greenhouse. Treatment time was July 3, 
1958. The younger plants (A series) were thirty- 
thrce-day-old seedlings at the start of the experi- 
ment; the older plants (B scries) were elevcii-weck- 
old seedlings. The control group within each .‘series 
consisted of 24 plants, from which eight each were 
selected at random and harvested at zero, three, 
and six weeks. The treated group consisted of I*' 
plants from which eight each were harvested at Ihrie 
and .six weeks. -At zero time the treated plants 


* The Kibherellic acid used in tins study was 
thruuKb the courtesy of Dr, Edwin F. Alder, Aerrcultural ur- 
search Center, Eli I.illy and Co., Grcenticid, Ind, 
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Table I. — Weights of Belladonna Plant Parts Following 
A Single Treatsient with Gibberellic Acid (Av./Plant/Group) 




. Total Weight « 

Con- 

trol 

Dry 

Fresh, Dry, Wt , 
Gm Gm % 





rs. 





bample and 
Harvest 
Time, 
wk 

Fresh, 

Gniv 

Dry, 

Gm 

Con- 
trol 
Dry 
Wt , 

% 

Fresh, 

Gm 

Litis ms 

Dry, 

Gm. 

Con- 

trol 

Dry 

Wt, 

% 

Fresh. 

Gra 

Dry, 

Gm 

Con- 

trol 

Dry 

Wt , 

% 

A Series 














Control, 

0 

0 130 

0 012 


0 IQO 

0 009 


a 

a 


0 030 

0 003 


Control, 

3 

3 04 

0 304 


3 31 

0 25 


a 

a 


0 33 

0 054 


Treated, 

3 

2 Gl 

0 248 

82 

2 69 

0 21 

84 

u 

a 

a 

0 22 

0 038 

70 

Control, 

G 

44 93 

4 59 


35 67 

3 74 


6 32 

0 38 


3 94 

0 47 


Treated, 

6 

26 26 

3 18 

69 

19 47 

2 41 

04 

3 91 

0 40 

105 

2 88 

0 37 

79 

B Senes 














Control, 

0 

0 4S6 

0 052 


0 450 

0 047 


O 

a 


0 030 

0 005 


Control, 

3 

9 65 

0 821 


8 29 

0 670 


O 

a 


1 3G 

0 151 


Treated, 

3 

13 11 

1 25 

152 

U 34 

1 03 

157 

a 

a 

o 

1 77 

0 199 

133 

Control, 

6 

111 35 

11 07 


S2 03 

8 51 


17 66 

1 42 


11 06 

1 14 


Treated, 

G 

109 34 

16 30 

148 

112 52 

11 24 

132 

38 08 

2 92 

206 

18 74 

2 14 

188 


" No difTerentjation into stem portions so bhoots were designated as leaves tops A senes plants were thirty-three-day-old 
seedlings at 0 time, B senes, eleven \^eek-old plants 


were administered 100 meg of G A in the manner 
previously described Height measurements were 
taken twice weekly At zero time and three weeks 
each plant was divided into shoot (labeled leaves- 
tops) and root portions At this stage of develop- 
ment stem growth was almost negligible and the 
small amount available was combined with the leaves 
and tops By the sixtli week, however, stem de- 
I velopment was satisfactory so that this addi- 

1 tional portion was collected Otherwise, the 
harvesting procedure was identical with that de- 
scribed for stramonium 

Growth Efifects. — The treated plants generally 
demonstrated the gibberellin effects previously 
reported bj' Smith and Sciuchetti (1) The prone- 
ness of treated plants to insect attacks was not 
noted in stramonium and only to a slight extent in 
belladonna This may have been due to the fact 
that the G A was placed on one leaf only in this 
experiment instead of being sprayed onto the aerial 
parts of the plant, the soil, and the plant container 
The insects may have been attracted to the G A 
itself rather than by any reduced resistance in the 
plant. 

The height increases in both plants were not as 
great as that induced by a spray treatment (1) 
With belladonna the maximum increases were at- 
tained at the fourth week, an 80% increase was 
noted in the younger plants and a 106% increase 
in the older plants The rapidity of response and 
the sensitivity to this growth effect were more 
pronounced and of longer duration in the older 
plants. Bukovac and Wittwer (4) have also re- 
ported that the age of bean plants influenced their 
response 

, Fresh and Dry Weights,— -A favorable response 
f on growth was generally induced by the G A treat- 
ment in stramonium as indicated by fresh and dry 
, weight data. The growth rate was more rapid 
> / than that previously reported (1) Further, the 
roots demonstrated a beneficial effect (up to an 80% 
increase in root dry weight at the second harvest) 
contrasted with the decreased growth reported in 
earlier work (1). Two factors may have con- 
tributed to increased root growth' the plants in 
tins experiment were grown directly in the soil 


instead of pots, thus, “root-bounding" was not a 
possibility; and the plants received fertilizer. 
Other workers (5, 6) have indicated that fertilization 
is an important factor in order to induce a favorable 
growth response from treatment with G. A 

With belladonna the younger plants (A series) 
demonstrated generally significant reductions in 
fresh and dry weights, whereas the older plants (B 
series) indicated significantly increased weights 
(Table I) The age of the plant (stage of plant 
development) appeared to be an important factor 
in obtaining a beneficial response from the treat- 
ment. 

Analysis for Alkaloids. — ^The dried plant parts, 
using pooled samples, were assayed for total alka- 
loids by a new procedure whicli was found to be 
efficient and accurate for 25-mg. samples of ma- 
terial The method employed the citric acid 
buffer described by Witt and Youngken (7) for 
the extraction of the powdered drug and an ex- 
tractor as described by French and Gibson (8) 
The extraction procedure was as follows: A small 
cotton plug was placed in the bottom of the ex- 
tractor. The 25-mg sample was then placed in 
the extractor and shaken into a compact column. 
Another plug w'as placed gently on the top Citric 
acid buffer (0 4 ml ) was placed on the plant material 
and allowed to macerate for two hours. The 
aqueous solution containing the extractive was 
withdrawn directly into a 25-ral separatory funnel 
containing 15 ml of chloroform First, a 3-ral. 
portion of cirtric acid buffer, and then, two 1-mI. 
portions of buffer were used to complete the extrac- 
tion and rinse the extractor. The combined 
collection of the aqueous phases was made basic to 
litmus paper by using 28% ammonium hydroxide. 
The contents of the separatory funnel was then 
shaken by hand for one minute and allowed to 
stand overnight. The 15-ral. portion of chloro- 
form was then removed and collected in airtight 
glass containers. The remaining phase was shaken 
for one minute, using an additional 10-ml. quantity 
of chlorofonn This was then added to the first 
15-ml portion. Ten-milliliter aliquots of the 
combined 25-mI sample were then analyzed for 
total alkaloids by the \’itali-Morin reaction. 
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Significant decreases in the concentration of 
alkaloids (calculated as scopolamine) were induced 
by the treatment m the leaves-tops and stems of 
stramonium nhile slight changes were observed 
in the roots (Fig 1) The largest decreases per 
plant part which were noted were a 30% reduction 
in the leaves-tops at the third week and a 55% reduc- 
tion in the stems at the second week 



TIME IN WEEKS 

Fig 1. — Alkaloid pattern in plant parts of stra- 
raonium. expressed as scopolamine • •, Con- 
trol leaves; • treated leaves, a— A, con- 
trol stems; A- ■••A. treated stems, ■ ■.con- 
trol roots, ■ m, treated roots 


The G. A induced a similar effect in belladonna 
since reduced concentrations of alkaloids (expressed 
as hyoscyamine) were noted in the parts of the 
treated plants of each series (Fig 2) The decreases 
W’ere greater in the younger plants than in the older 
plants Decreased alkaloid concentrations re- 
sulting from a G A treatment have also been 
reported by others (1-3) in members of the solan- 
aceae 

Total Plant Alkaloids. — The total alkaloids per 
plant and per plant organ were obtained by multi- 
plying the dry weight of the plant organ by the 
per cent of alkaloids obtained from the alkaloid 
analyses and expressing the results m milligrams 
(Table II) Slight deereases in the total alkaloid 
content per plant were induced in stramonium by 
the treatments The roots of treated plants, 
however, demonstrated increases of 40% and 54% 
for the second and third harvests, respectively 
This was due mainly to a significant increase in 
root grow th 

The treatments resulted in diverse effects on the 
total alkaloid content of belladonna The younger 
plants (A series) produced about 40% less alkaloids 
at the sixth week compared with controls, whereas 
the older plants (B series) displayed about a 32% 
increase in the total alkaloid content (Table II) 
The significantly increased alkaloid production in 



expressed as hyoscyamine. •, Shoots, x, roots, 
, controls; , treated. 


Table II — Total Alkaloid Content of 
Stramonium" and Belladonna^ 


Sample 


AIKUlUlU 

Leaves 

wuuicui 


and Harvest 

Per 

and 



Time, wk 

Plant 

Tops 

Stems 

Roots 


Stramonium 



Control, 0 

0 06 

0 04 

0 02 

0 01 

Control, I 

0 36 

0 25 

0 11 

0 03 

Treated, 1 

0 31 

0 20 

0 08 

0 03 

Control, 2 

2 06 

1 71 

0 30 

0 05 

Treated, 2 

1 98 

1 68 

0 33 

0 07 

Control, 3 

12 94 

11 17 

1 42 

0 35 

Treated, 3 

11 15 

8 68 

1 93 

0 54 


Belladonna 



A Series 





Control, 0 

0 015 

0 011 


0 004 

Control, 3 

0 590 

0 478 

, 

0 112 

Treated, 3 

0 324 

0 260 


0 004 

Control, 6 

10 70 

8 49 

1 30 

0 851 

Treated, 6 

6 31 

4 94 

0 80 

0 574 

B Series 





Control, 0 

0 170 

0 160 


0 010 

Control, 3 

1 67 

1 25 


0 415 

Treated, 3 

1 94 

1 58 


0 355 

Control, 6 

32 74 

25 16 

4 98 

2 00 

Treated, 6 

43 23 

31 47 

7 74 

4 02 


« Total alkaloids expressed as scopolamine 
* Total alkaloids calculated ns hyoscyamine 
^ Alkaloid content for plant parts calculated from nO 
weight and alkaloid analises data, total plant alkalom " 
leaves and tops + stems and roots, based on a\ /iriani 
group 


the older plants was due primarily to the f.ivor.ihle 
effect of G A in promoting more extensive growth 
The age of the plant when treated appc-arcd to bt 
an important factor in causing increased growth 
which, in turn, resulted in increased all..iloio 
production per plant. 


May 1960 


Scientific Edition 


277 


SUMMARY 

1 A modified assay procedure for the estima- 
tion of total alkaloids in 25-mg samples of poiv- 

' dered drug is outlined 

2 Characteristic gibberellin effects were in- 
duced in stramonium and belladonna by the 
treatments In the latter, height measurements 
indicated that older plants reacted more rapidly 
and for a longer period of time to this response 
than did younger plants 

3 Slight changes in the total dry weight of 
stramonium were induced, but root growth was 
increased up to SO per cent In belladonna the 
total dry weight of the younger plants was re- 
duced about 30% while that of the older plants 
%vas increased about 4S% 

4 The concentration of alkaloids in the or- 
gans of each species was generally reduced. 
Total alkaloid production in treated stramonium 


was somewhat less than that in controls, but 
total root alkaloids were increased about 50 per 
cent. 

5. At the sixth week following treatment 
younger belladonna plants produced about 40 per 
cent less total alkaloids than controls, whereas 
older plants displayed about a 30 per cent in- 
crease compared with controls. 
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Digitalis X. The Infrared Absorption Spectra of 
Some Digitalis Glycosides and Aglycones* 


By FREDERICK K. BELL 

The infrared absorption spectra of commercial samples of the three lanatosides, their 
aglycones and their three intermediate glycosides, digitoxin, gitoxin, and digoxin, 
have been scanned between 2.5^1 and 1 5ft using the potassium bromide disk tech- 
nique. Some of the more pronounced characteristics of these spectra have been 
noted and their possible significance in the identification and differentiation of these 
highly important cardiotonic substances has been indicated. 


W ITH THE RAPIDLY increasing availability 
of the technique of infrared absorption 
spectrometry it seems timely that an examination 
of the infrared absorption spectra of some of the 
more common digitalis principles should be under- 
taken. The results of such a study could be 
reasonably expected to provdde useful information 
for those interested in the isolation, purification, 
and identification of these highly important gly- 
T' cosides. It also seems probable that because of 
its unusual scope, the infrared absorption spec- 
trum will assume as increasingly important posi- 
tion along with other well-known physical con- 
stants in purity and identification rubrics. In the 
extensive studies of the infrared absorption of 

* Rcceued August 1, 1959, from the School of Medicine, 
umxcrsity of ^^a^yIa^d, Baltimore 1. Md 
The author gratefully acknowledges the kind interest anr, 
'suggestions of Dr I.copold Ma> of the Psychiatric Institute 


steroids (1) only one of these digitalis substances, 
digitoxigeniu, and several derivatives have been 
reported. 

For this preliminary study the three lanatosides 
and some of their degradation products have been 
selected for examination. This selection was 
based on several considerations. Commerdal 
availability and also the inclusion of some of 
the most important cardiotonic agents in clinical 
use were of prime importance, as well as the 
interrelationships of the chemical structures of 
the various compounds. 

EXPERIMENTAL 

The substances examined together «ith the 
source of supply are as follons: lanatosides A and B 
(Sandoz Pharmaceuticals), lanaloside C (N. F. 
Reference Standard), digitoxin (U. S. P. Ref- 
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erence Standard), gitoxin (Hoffinann-LaRoche and 
Co.), digoxin (U. S. P. Reference Standard), 
digitoxigenin (Sterling- Winthrop Research Insti- 
tute), gitoxigenin (Sterling- Winthrop Research 
Institute), and digoxigenin (Burroughs Wellcome 
and Co.). Digitoxose (HoHmann-LaRoche and 
Co.) was also examined. Each substance was used 
as received in its original container and for this 
preliminary’ study it seemed desirable, particularly 
with respect to the practical significance of the 
data obtained, to postpone the purification proced- 
ures which will be required ultimately. 

The Perkin-Elmer model 137 infracord was used 
for scanning the absorption spectra between 2.5jti 
and 15/n, and the potassium bromide disk technique 
was employed for the preparation of the samples. 
Potassium bromide, infrared quality, was obtained 
from the Harshaw Chemical Co. For each glyco- 
sidal substance, disks were prepared on the basis 
of 2 mg. of substance to 300 mg. of potassium 
bromide. In the case of digitoxose, this ratio was 
1 mg. to 300 mg. To the weighed amount of 
substance, which was transferred to an agate mortar, 
was added a small portion of the 300 mg. of potas- 
sium bromide. After this mixture was thoroughly 
ground by hand, the balance of the potassium 
bromide was added, and the final treatment was 
directed toward thorough mixing. The final 
mixture was transferred to a die (No. H-920, 
Hilger and Watts Ltd.) which was connected to a 
Cenco Hyvac pump. After a period of three 
minutes of evacuation, the die was compressed with 
a laboratory model Carver hydraulic press for a 
period of one minute at its maximum pressure (20,- 
000 pounds load). The disk thickness was approx- 
imately 1 mm. In the preparation of the disks 
everj' effort was made to standardize the technique 
on a qualitative and quantitative basis so that the 
comparative value of the results could be main- 
tained at as high a level as possible. Several 
disks were prepared for each substance and their 
spectra were scanned. Tj’pical absorption spectra 
are shown in Figs. 1 to 4. 

DISCUSSION 

The structural interrelationships of the digitalis 
compounds examined are shown in Table I. The 
carbohydrate moiety of the lanatosides is terminated 
b3' the glucose molecule which is attached to an 
acetx’lated digitoxose molecule preceded b>' two 
additional digitoxose molecules. The absorption 
spectra of the lanatosides which contain the complete 
sugar moiety- and therefore have the largest molecular 
weight are shoivn in Fig. 1. These three absorption 
spectra are strikingl}’ similar both quantitativ’ely 
and qualitatively. This is particularly true in the 
spectra of lanatosides A and B in which the only 
structural difference (Table I) consists of the 
presence of an additional h.vdroxy’l group at C 1C 
in the lanatoside B molecule. The structure of the 
lanatoside C molecule is characterized by the 
presence of an hydroxyl group at a ncyv position at 
C 12. All three spectra display’ a high degree of 
absorption in the region between 9^ and lOfi- 

Deacetj’lation and removal of the glucose mole- 
cule from the lanatosides result in the formation of 
the glycosides; digitoxin, gitoxin, and digoxm. 
These spectra, as shown in Fig. 2, reveal similar 


■«000 3000 2000 1500 Cmi inijo 900 pro 



Fig. 1.- — .4, lanatoside A; B, lanatoside B; C, 
lanatoside C. 
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absorption patterns in the longer ivavclcngths at 
12.1;i and and also at 11..5;i and 13.7ii, at nliicli 

points the absorption of digitoxose (Fig. 4) at 11.4a 
and I3.811 may- be a contributing factor. Til's 
region of high absorption of the lanatosidc.s between 
9ii and lO/i is retained and perhaps extended soinc' 
ivhat toward the shorter yvay-elengths. It is worth) 
of mention that ivhile gitoxin and digoxin shoa a 
y-ery- sharp absorption of medium intensity in the 
region of G.lfi, in the spectrum of digitoxin, tao 
bands appear. We have eyamined five other 
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Fig. 3. — G, digitoxigenin ; F7, gitoxigenin; J, digoxi- 
genin. 
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Fig. 4. — Digitoxose. 


samples of this glycoside and have found, consist- 
ently, either a resolution of two hands or a single 
band definitely broader than that shown by gitoxin 
and digoxin. 

The absorption spectra of the three aglycones 
(digitoxigenin. gitoxigenin, and digoxigenin) are 
shown in Fig. 3. With the complete removal of 
the sugar moiety there is a marked change in the 
resolution and transparency in the region between 
9a and lOji, indicating again the possible influence of 
the presence of digitoxose in the glycosides on the 
spectra in this region. The sharp absorption at 
G.lfi appears to reach a ma.xiraum value in these 
three genins. 


CONCLUSIONS 

Although the question of the purity of the sub- 
stances examined in this study is unanswered, 
there appear to be a number of conclusions which 
may be drawn, at least tentatively, and some of 
these may have some practical significance. 
There is a striking similarity, both qualitatively 
and quantitatively, in all nine spectra of the 
glycosidal substances in the shorter wavelength 
region below 7 m in spite of pronounced differences 
in molecular weight (Table I). Since all of the 
disks of these substances were prepared on the 
same weight basis, this is probably attributable 
to the diminution of the comulatiye effect of the 
well known absorbing vibrations in this region 
accompanying the decrease in molecular weight. 

It is clear that the experimental method and 
instrumentation employed are not satisfactory 
for the identification of the three lanatosides, 
particularly lanatosides A and B. There is a 
definite indication, however, that a closer study 
of the region between lO.Sp and 11. op might be 
fruitful in this connection. 

On passing to the absorption spectra of the 
intermediate glycosides (digitoxin, gitoxin, and 
digoxin) minor differences appear which may be 
suitable for purposes of identification. It seems 
probable that with the diminution of the carbo- 
hydrate moiety of the lanatosides, the positions 
and the number of hydroxyl groups in the steroid 
nucleus of these substances assume a greater in- 
fluence on the absorption pattern. Once again, 
the region between 10.5m and 11.5m appears 
worthy of further study. The absorption of these 
substances in the region between 13m and 15m 
contrasts markedly with that of the lanatosides 
and, to a lesser degree, tvith that of the aglycones. 

In the absorption spectra of the aglycones 
numerous minor differences appear w'hich may 
be useful for analytical purposes. With these 
substances, consisting of the steroid nucleus 
alone, the number and positions of the hydroxyl 
groups would be expected to exert their maximum 
influence on the absorption which is in accord 
with the experimental findings. 


Table 1. — The Structural Interrelationships of the Digitalis Compounds Examined 


Substance 

Mol. Wt. 

Afilycone 

{Digitoxose)a 

Acetyl 

Glucose 

OH Groups 

Lanatoside A 

969.1 

Digitoxigenin 

+ 

4- 

4" 

Ch 

Lanatoside B 

985.1 

Gitoxigenin 

+ 

4- 

4- 

CuCie 

Lanatoside C 

985.1 

Digoxigenin 

-h 

4“ 

4- 

CijCu 

Digito.xin 

764.9 

Digito.xigenin 

+ 



Cw 

Gitoxin 

780.9 

Gitoxigenin 

+ 



CuCit 

Digoxin 

780.9 

Digoxigenin 

+ 




Digitoxigenin 

374.5 





c.c« 

Gitoxigenin 

390 5 





C 3 C 14 C 16 

Digoxigenin 

390.5 ■ 





C3ClJvCl4 




280 


Journal of the Ajierican Pharmaceutical Association 


A^ol. -49, No.c 


The nine absorption spectra ])resented in this 
study indicate clearly that the three lanatosides 
can be readily differentiated from the correspond- 
ing intermediate glycosides (digitoxin, gitoxin, 
and digoxin) and from their aglycones by the 
infrared method. Furthermore, the aglycones 
can likewise be readily differentiated from the 
intermediate glycosides and from the lanatosides. 
Although there are a number of satisfactory 
chemical tests for the identification of carbo- 
h3^drates, there may be instances in which the 


infrared technique may be preferred, espcciallv 
since the test sample is not necessarily dcslroved. 
The results also show that the three Rcfcrciiu' 
Standard glycosides (lanatoside C, digitoxin, and 
digoxin) can be differentiated by their infrared 
absorption. 
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Saccharin Derivatives II* 


Synthesis of 4-Nitrosaccharin and Related Compounds 

By GLENN H. HAMOR 

Five new saccharin derivatives were prepared: 4-nitrosaccharin, 4-aminosaccharin, 
4-acetamidosaccharin, 2-ethyl-4-nitrosaccharin, and 2-?/-propyl-4-nitrosaccharin. 
Attempts to prepare 5-nitrosaccharin, using procedures described in the literature, 
gave instead a mixture of two nitrosaccharins, which was shown to consist of the 
known 6-nitrosaccharin plus 4-nitrosaccharin identical to the above compound. 
The new saccharin derivatives were tasteless, with the exception of 4-aminosaccharin 
which had a slightly sweet taste. 


Tn A recent study of saccharin derivatives, 
-*■ the preparation of various nitrosaccharins and 
related compounds was desired (1). 6-Nitro- 
saccharin was synthesized bj' the method of 
Noyes (2). Onlj- two references have been noted 
in the literature in regard to saccharins contain- 
ing nitro or amino groups in positions other than 
the G-position. Both of these concerned the 5- 
position. Stubbs in 1913 (work done in 1892) 
reported the synthesis of 5-nitrosaccharin (3). 
This compound was prepared by the nitration of 
o-sulfobenzoic acid bj' the following series of 
reactions: 


No melting point or percentage yield figures 
were given for the reported nitrosaccharin, but 
because the compound was more soluble than 
6-nitrosaccharin Stubbs believed that he bad 
sjmthesized a new nitrosaccharin. The o-posi- 
tion was chosen because Taverne, in 1900, bad 
nitrated o-sulfobenzoic acid and had reported 
obtaining 5-nitro-o-suIfobenzoic acid (4). The 
phj'sical projierties of the barium salt of Taverne s 
acid resembled those of the barium nitro-o-sul- 
fobenzoate prepared by Stubbs. 

On the basis of the above similarities Stubbs re- 
ported his nitrosaccharin as being 5-nitrosacclia- 


/SOjH (a) HNOj. H-SO, 
(6) CaCO, 
) 


o: 


A/'""’’" PCK 


SO, Cl 


(c) K-.CO, 
COOH (d)HCl 


0,N-/VX, 


COOH 


0 "^ (a) Nib 

'^Cl 


0 , 


N-II 


O-N 


i/V 


» Received August 28. 1959, from the School of Pharmacy, 
University of Southern California, Los .Angeles. 

A portion of this rvork was completed at the College of 
Pharmacy. University of Minnesota, Mmn.. with the help of 
Dr. T. O. Soine. 


rin. Suter, who has throughly reviewed the syn- 
thesis, reactions, and derivatives of saccliann 
does not include this compound (5). Bambas (0) 
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in his review of saccharin’ chemistry does list the 
5-nitrosaccharin of Stubbs. 

Backeberg and Marais in 1943 reported the 
preparation of 6-acetamidosaccharin (7) by the 
following plan: 


H— N 



ClSOaH 



Their original objective had been the synthesis of 
5-aminosaccharin, because it contains the struc- 
tural elements of sulfanilamide. The authors re- 
ported that the attempted deacetylation of the 
5-acetamido compound resulted in a syrup from 
which a crystalline product could not be obtained. 

Hamor (8) has reported an attempt to pre- 
pare 5-nttrosaccharin by following -essentially 
the procedure of Stubbs. Ammonium hy- 
drogen o-sulfobenzoate was converted to the 
barium salt with barium hydroxide and then by 
the action of sulfuric acid, o-sulfobenzoic acid 
was obtained. The nitration product of this 
acid was obtained as the crystalline barium salt. 
A dilute aqueous solution of the barium salt was 
passed through a column of cation exchange resin 
and gave a soft tan-colored solid, melting in the 
range of 90-125°. A mixture of nitration prod- 
ucts was evidently present. It was thought that 
by proceeding directly to the mixed nitrosaccha- 
rins, compounds might be obtained which would 
differ enough in their solubilities to be readily 
separated. The diacid chloride of the mixed 
nitro-o-sulfobenzoic acids was prepared by heat- 
ing barium nitro-o-sulfobenzoate with phos- 
phorus pentachloride. The diacid chloride was 
not isolated as such but was extracted by ether. 
The mixed nitrosaccharins were obtained as the 
precipitated ammonium salts by passing a stream 
of dry ammonia gas into the dried ethereal solu- 
tion of the diacid chloride. 

Conversion of the ammonium nitrosaccharins 
to the free nitrosaccharin gave a mixture of nitro- 
saccliarins melting in the range of 196-210°. 
From this mixture it was possible to isolate two 
compoimds by tlie difference in solubilities of 
their sodium salts: (a) A light green-colored 


compound possessing a slightly sweet taste and 
melting at 227-228° was obtained in 10% yield 
(for two steps) , and (b) light yellow compound 
having a bitter taste and melting at 206-206.5° 
was obtained in a 3% yield. The sodium salt of 



(1) KMnOi 

> 

(2) HCl 


H— N 



N— H 


o 


\ 


CHs 


this compound was more water-soluble than the 
salt of the preceding compound. 

The melting point of 206-206.5° for the second 
compound was close to that of 6-nitrosaccharin ; 
the compound likewise resembled it in taste and 
color. A mixed melting point of the two com- 
pounds showed no depression. This indicates 
that one position nitrated in the o-sulfobenzoic 
acid had been the 4-position, which is para to the 
carboxy group and mela to the sulfo group. 

An investigation of the other nitrosaccharin to 
determine, if possible, its structure was then be- 
gun. Its melting point was close to that of 
saccharin (228°), but a mixed melting point of 
the two exhibited a depression of 40°. If the 
nitration of o-sulfobenzoic acid in this investiga- 
tion were analogous to that reported by Taveme 
(4), this unidentified nitrosaccharin should be 
5-nitrosaccharin. Backeberg and Marais (7) had 
reported the synthesis of o-acetamioosaccharin 
(m. p. 299°) by a different route. For purposes 
of comparison the unidentified nitrosaccharin 
[hereafter referred to as (?) -nitrosaccharin] was 
reduced to (?)-aminosacdiarin and acetylated to 
yield (?)-acetamidosaccharin [m, p. 332-333° (de- 
compn.) ]. A mixture of the two acetamidosac- 
charins showed a depressed melting point in tlie 
range of 285-290° (decompn.). 

Because the unidentified acetamidosaccharin 
differs from that of Backeberg and Marais, the 
possibility that the nitro group is in the 5-posi- 
tion seems to be excluded. Because the O-nitro- 
saccharin is well established, this leaves only the 
4- and 7-positions of saccharin open for considera- 
tion. The 2-ethyl- and 2-H-propyl-(?)-nitro- 
saccharins were prepared for reference compounds 
by use of predously published procedures (1). 
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Table I • — Properties or 4-ISriTROSAccHARiN and the Unidentified NitroSaccharin Synthesized bi 

the Method of Stubbs, and Derivatives 
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C-Hs 

NO, 

184 5- 

42 19 

42 46 

3 IS 

3 42 

184 5-185, 

42 67 

3 50 



185 





mixed melt, 
no depression 


4 14 

C,H, 

NO, 

138- 

44 44 

44 55 

3 73 

4 02 

147-149, mixed 

44.77 


o Melting points were taken with a Fisher Johns melting point apparatus and are uncorrected 
1> Analyses ^^ere performed by Elek Micro Analytical Laboratories. Los Angeles, Calif 

e Analyses were performed by Organic Microanalysis Laboratory, School of Chemistry University of Minnesota, Minneapolis 
d Melting point done by capillary tube method 


4-Nitrosaccharin was then prepared by oxida- 
tion of 2-nitrotoluene-G-sulfonamide, which had 
been synthesized by the method of Htrwe and 
Jambhekar (9), according to the following series 
of reactions; 


The 2-ethyl- and 2-«-propyl-4-nitrosacclmrins 
were also prepared The properties of 4-nitrosac- 
charin, (’)-nitrosaccharin, and their derivative; 
are shown for comparison in Table I. 
melting points of 4-nitrosaccharin and 4-nitrosac- 


ySO,H 


0,N- 


HNOj, HjSO, 
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SO5H 




'CH, 


(1) HXO= Q|/ 


(2) CjHiOH 


CH. 


NO, 


(NH4),S 
> 




CH, 


SO3H 


(DPCh ^/SO.-NH, 
(2) NH, 


V\, 

I 

NO, 


CH, 


CH, 


Vx, 

NO, 

(l)KMnO. /\/ \ 


(2) HCI 


X-H 




Nr 


NO, 


Reduction of 4-nitrosaccharin, followed by 
acetylation gave 4-acetamidosaccharin [m p 
323-325° (decompn ) ] A mixture of this com- 
pound with the 5-acetamidosaccharin of Backe- 
berg and Marais' melted at 282° (decompn ). 


■ The a7thor is indebted to J L C. Marais, University of 
WTtwatcrsrand, Johannesburg, ^uth Africa, for suppl>ing 
the sample of 5 acetamidosaccharin 


charin derivatives with the unidentified niiro^ac- 
charin and its derivatives showed no dcprcs'iion 
In addition, infrared absorption spectra of tlie 
two nitrosaccharins were identical. 

The above data indicate that the unidentified 
nitrosaccharin obtained by the method of Stuliti"’ 
is identical t\ ith 4-nitrosaccharin as prepared h) 
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the oxidation of 2-nitrotoluene-G-suIfonamide. 
Therefore, attempts to prepare 5-nitrosaccharin 
following the method of Stubbs have given in- 
stead a mixture of 4-nitrosaccharin and 6-nitro- 
saccharin 

It may be of interest to note that these new 
nitrosaccharin derivatives were tasteless, with the 
exception of 4-aminosaccharin which had a 
slightly sweet taste. 

EXPERIMENTAL 

4-Nitrosaccharin.® — This compound was prepared 
by alkaline potassium permanganate oxidation of 
2-nitrotoluene-6-sulfonamide by the method used 
by Noyes (2) to synthesize 6-nitrosaecharin The 
method of Hirwe and Jambhekar was used to syn- 
thesize 2-nitrotoluene-6-sulfonamide, m p 162°. 
(reported m p 165°) (9) Yields of approximately 
30% of 4-nitrosaccliarin, recrystallized from water 
and melting at 236-238°, were obtained Approxi- 
mately 25% of unreacted starting sulfonamide was 
recovered and used in succeeding oxidations 

4-Aminosaccharin. — 4-Nitrosaccharin (2 0 Gm ) 
in 50 ml of absolute ethanol was reduced with 


5 Chemical Abstract nomenclature, t-nitro-l,2 benztso 
thiazolm-3-one- 1 , l-dioxide 


hydrogen at room temperature at about three at- 
mospheres pressure with 0.7 Gm of 5% palladium- 
on-charcoal catalyst Evaporation of solvent from 
the filtrate and recrystallization from ethanol of 
the solid formed, gave 1 4 Gm of yellow crystals 
melting at 246-247° . Solutions of 4-aminosaccharin 
exhibited a beautiful blue-purple fluorescence 
4-Acetamidosaccharin.— 4-Aminosaccharin (0 S 

Gm ) was dissolved in 15 ml pyridine with aid 
of mild heat, cooled in an ice bath, and 5 ml of 
acetic anhydride added slowly with cooling A 
cream-colored solid formed immediately The 
mixture after standing forty-five minutes at room 
temperature, was filtered and the precipitate washed 
with water. A crystalline solid [0 7 Gm., 323- 
325° (decompn ) ra p ] was obtained. 
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Saccharin Derivatives III* 

A Note on the Synthesis of Bissaccharins 

By GLENN H. HAMOR and JACK M. BALIKIAN 


^ I %E N-alkyl and N-dialkylaminoalkyl 
■*' derivatives of saccharin have a low degree 
of local anesthetic activity (1) The purpose of 
this work was the preparation of some bissac- 
charins for testing of various types of biological 
activity, including local anesthetic properties 
Such testing should give information concerning 
the pharmacological effects of introduction of a 
second saccharin moiet}’ 

The structural formulas of the seven bissac- 
charins prepared are illustrated. 

The saccharin derivatives were prepared accord- 
ing to the procedure used by Merritt, Levey, and 
Cutter to sjmthesize 2-alkylsaccharins (2) This 
involved refluxing sodium saccharin with an 
alkyl dihalide or methylbis(/3-chloroethyl)amine 
hydrochloride in either diethylene glycol mono- 

* Received September 15, 1959, from the School of Phar 
*nacy, University of Southern CaUfomia, Los Angeles 
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R:CHj, (CHjb, (CHjIj, (CH-)., 

Compd No: 12 3 4 

CH, 


(CHs):,, (CH-),o, CHjCH.NCHiCH, 
5 6 7 


ethyl ether-water or diethylene glycol monobutyl 
ether-water mixtures After completion of this 
work the previous work of Reid, Rice, and Grogan 
describing the synthesis of all compounds except 
No 7 (1), using dimethylfonnamide as the reac- 
tion medium , was seen (3) . Therefore, this paper 
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\%ill describe only the results of the pharmacologi- 
cal evaluation and the synthesis of the one new 
bissaccharin 

Several of the compounds have undergone pre- 
liminary pharmacological evaluation The ex- 
treme insolubility in water of these compounds 
has prevented testing for local anesthetic proper- 
ties Compound No 1 produced only an in- 
significant degree of increased motor activity in 
mice after oral doses of 1,000 to 2,000 mg /Kg 
Compound No 7 was essentially devoid of 
biological activity in mice following oral doses 
as high as 2,000 mg /Kg ^ In addition. Com- 
pounds 3 and 7 have also been screened for 
anticancer properties Compound 3 gave no 
significant reduction in animal tumor weight in 
Sarcoma 180 and in Carcinoma 755 Compound 
7 gave no significant reduction in animal tumor 
weight in Sarcoma 180 ^ 

* The authors are indebted to Smith Kline and French 
Laboratories, Philadelphia, Pa , for pharmacological testing 

* Anticancer screening was performed through the services 
of the Cancer Chemotherapy National Service Center, 
National Institutes of Health, Public Health Service. 
Bethesda, Md 


EXPERIMENTAL 

2,2' - (Methyliminodiethylene)bis(l,2 - benziso- 
thiazoIin-3-one)-l,l,l',l'-tetroxide.— To SO Gm of 
sodium saccharin in a mixture of 5 nil of di^tillcil 
water and 15 ml of diethylene glycol monoctlul 
ether vas added 0 5 Gm of methylbisfd-chloro- 
ethyl)amine hydrochloride After refluxing for 
three hours, the hot mixture uas poured sloivb 
into about 100 ml of ice vatcr A precipitate 
uas formed by making the solution alkaline to execs'; 
xvith sodium carbonate Recrystallizatioii from 
95% ethanol gave 0 2 Gm (17%) of xiliitc needle 
crystals melting at 150-158°.’ 

Ana/’— Calcd for CisH.gNsOeSj: C, 50 8S, II, 
4 27 Found. C, 5121, H, 4 44 
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> Melting point was taken with Fisher Johns melting point 
apparatus and is uncorrected 

A Analyses were performed by Elek Micro Amljticit 
Laboratories, Los Angeles Calif. 


The Physics of Tablet Compression XIT 

Extrusion and Flow Studies on Tablet Ingredients 

By R. SALISBURYf and T. HIGUCHI 

A method for determining the force required to extrude materials through a hole in a 
tablet die by means of a high force hydraulic press is presented. Extrusion forces 
are given for various simple inorganic electrolytes and common tablet lubricants. 
Extrusion of organic tablet constituents was impossible with two exceptions. Either 
no extrusion could be obtained at the maximum force of the press, or implosion 
occurred. Mixtures of sodium chloride and potassium chloride, and sodium 
chloride and magnesium stearate were extruded and semiempirical equations 
expressing behavior were evolved. Resistance to extrusion seems to correlate with 
the hardness of the materials under test. 


D uring the formation of compressed tablets 
under force within a die cavity, some degree 
of lateral floxv appears to take place Although 
the exact significance of the role played by sucli 
rheological behaviors, as far as the production of 
tablets is concerned, is presently unknown, it 
xvould appear that more information concerning 
flow under high pressure of granulations and other 
dry forms is desirable From the standpoint of 

• Received .August 21, 1959. from the Schwl of Pharmaej. 
^“t'Sradj;Ss""“co'rgro"f Pbarmao. The Ohio Stale 
'^'rMrinVe^Ugation was supported m part bj the American 

PresSted to the, Scientific Section, A Pi. A . Cincinnati 
meeUng, August 1959 


tablet technology, it is evident, for c.xample, tlwt 
the ease with which tablets conform to the sliajic 
of the die cavity is directlj’ dependent on tlic rcia 
live flowability of the material contained i'Iicb 
under pressure 

In the present inx'estigation, an attempt ba’ 
been made to evaluate the rclalix'c flowability of 
compressed dry substances As an approach m 
this direction the relative pressure necessarv to 
induce extrusion of dry materials contained m a 
die casting tlirougli a small hole drilled normal to 
the direction of compression lias Iicen determined 
Certain materials extruded rather smoollih’ wlien 
certain critical pressures were reached; other'’ 
tend to expel rather violently. 
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EXPERIMENTAL 

Apparatus. — ^The e\trusion studies were earned 
out utihnng the high force indraulic press previ- 
ously described (1) This press acted on an upper 
t punch so that it moved into a fixed die which con- 
( famed a fixed lower punch A flat face ‘Ae inch 
“ punch and die set was used and, unless otherwise 
specified, a Vis inch hole was drilled in the side of 
the annealed die immediatelj above the upper edge 
of the fixed lower punch The die was positioned 
in the assembly of the press in such a manner that 
the extrusion opening could be observed as pressure 
was applied to the upper punch 

Procedure. — A known weight of material was 
introduced into the die, and pressure applied to the 
upper punch so that it entered the die and com- 
pressed the experimental material Pressure was 
increased slowl 5 and regularly until the material 
was extruded At the instant that the material 
appeared in the extrusion opening the pressure on 
the upper punch was released A Baldwin tvpe C 
load cell (20,000 pounds) was used to measure the 
force applied to the upper punch, the signal being 
recorded on a Sanborn "Twin-Viso" recorder The 
pressure peak on the oscillograph record was taken 
as the extrusion force for that weight of the sub- 
stance After each extrusion run the die was re- 
moved from the assembly and the contents were 
removed by driving out the compacted mass using 
another “As inch punch and a lead hammer Punches 
1 and die were then washed m a detergent solution (a 
1 pipe cleaner serving to wash out the extrusion open- 
mg), thoroughly rinsed with distilled water, and 
'■'finally rinsed with acetone, and dried m an air 
blast 

Preliminary experiments showed that the rate of 
compression had no significant effect upon the 
extrusion force of the particular system studied 
The temperature of the room was maintained at 
23° All inorganic salts used in this experiment 
were dried at 110° for twelve hours and stored m a 
desiccator before use 

RESULTS AND DISCUSSION 

Figure 1 shows a curve of the minimum force 
applied to the ^/le inch punch necessary to cause 
extrusion plotted against the weight of ammonium 
chloride introduced into the die The abrupt in- 
crease in extrusion force for the smaller weights of 
material introduced is thought to be due to the 
mechanics of the extrusion procedure As the 
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Fig 1— -Extrusion force in Kg vs Gm KH^Cl 


upper punch approaches the extrusion opening, 
more of its force wall be transmitted to the lower 
punch and less to the extrusion opening Conse 
quently, a higher total force will be required to 
transmit to the extrusion opening a force sufficient 
for extrusion in the case of small amounts of sample 
Since the outer part of the curve, representing condi 
tions where the die was nearly full of material is at 
a constant force, this value was used as the extrusion 
force for the material undergoing compression 
Reproducibility m this range of the curve was found 
to be ±4% 

Extrusion of Simple Inorganic Electrolytes.— 
The forces required for the extrusion of some simple 
inorganic electroKtes were determined The rela 
tionships between the molecular diameter (calcu- 
lated from the lomc radii measurements of Pauling) 
and the extrusion force show an inverse linear rela- 
tionship (Fig 2) The two major deviations are 
ammonium bromide and ammonium chloride All 
the salts tested w ere of the cubic type, and with the 
exception of ammonium bromide and chloride they' 
were all of the sodium chloride lattice type Am- 
monium bromide and chloride have a cesium chlo 
ride lattice structure at room temperature (2) 
This IS a more stable configuration and would re- 
quire a proportionately higher force for extrusion 
Plots of anion radius vs extrusion force (Fig 3) and 
cation radius w extrusion force (Fig 4) show the 
same inverse linear relationship 

The smaller the ionic radii, the stronger would be 
the intenonic forces of attraction within the crystal 
and, consequently , the stronger the force necessary 
to cause dislocations of the planes of symmetry in 
the crystal which would result in solid flow 



Fig 2 —Extrusion forces of inorganic electroly tes vs 
molecular diameter 
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Fig. 4 — E.xtrusion force in Kg. vs. radius at cation in 

A. 

Extrusion Force vs. Radius of Extrusion Opening. 
— Sodium chloride was e.xtruded through openings 
of varied radius. The results are shown in Fig. 5 
where the e.xtrusion force is plotted as a function of 
the radius of the e.xtrusion opening in inches. The 
effect, as would be expected, is an inverse linear 
relationship, however, the effect is not a profound 
one. 

Extrusion Force vs. Particle Size. — Sodium chlo- 
ride in particle size ranges varying from 10-20 mesh 
to 140-170 mesh were e.xtruded and the variation 
in extrusion forces was well within the e.xperimental 
error. Thus, particle size has no significant effect 
on the extrusion force. Since solid flow does not 
occur until considerable breakdown of the original 
particles has occurred, it is not surprising to find no 
relationship between particle size and extrusion 
force. The major variation was due to packing of 
the various particle sizes in the die and the subse- 
quent variation in weight of sample due to efficiency 
of packing. 

Extrusion of Organic Materials. — Attempts were 
made to extrude a variety of organic tablet com- 
ponents other than lubricants (see Table I). With 
the exception of urea and acetophenetidin, either 
the materials could not be extruded at forces ex- 
ceeding 7,000 Kg., or, at the points listed implosion 
occurred. 

At first the implosion was thought to be due to 
binding of the material u-ithin the die, but simul- 
taneous recording of the forces on both the upper 
and lower punches showed simultaneous decreases 
in force which could not be the case if binding was 
the cause of the implosion. During the compression 
of barbital the upper punch force «-as reduced by 
some 2,000 Kg. in 0.04 seconds. Xo explanation 
for this implosion phenomenon can be clearly demon- 
strated. Factors which are capable of occurring 
only once during a compression cycle, such as the 
elimination of void space, can be removed from con- 
sideration since the implosion could be repeated 
bv recompressing the same sample. A possible ex- 
planation is the formation of a polymorph at the 



Fig. 5. — Extrusion force of XaCl rr. radius of c.\tni- 
sion opening in indies. 



Fig. G. — Lines of force on the lower surface of a .so- 
dium chloride sample after e.xtrusion has occurreo. 
The interior ext rusion opening is at the bottom of tjic 
photograph and the resistance to flow is slio'vn hy tlic 
turbulence. 

point of greatest resistance which is the intcrii.il 
opening of the extrusion hole. Figure 0 sliows ttic 
lines of force formed on the loiver surface of a sodiiun 
chloride sample after e.xtrusion. The e.xtrusion 
opening is shown at the bottom of tlic pliotograpli 
and the tremendous churning effect can be seen. “ 
is thought that at this point of highest resistance .i 
polymorphic crystal form with a smaller iiiol.ir 
volume might be formed resulting in a .sudden drop 
in comprcssional force and that the polymorph is 
e.xpclled through the extrusion opening by the re- 
sulting implosion, thus permitting the entire pnxress 
to be repeated by recompression of the same 
sample. This theory is not borne out by the addi- 
tion of lubricant to aspirin granulations (see Tab e 
I). It must be assumed that a polymorph uou< 
form at a critical pressure, and the lubricant rt- 
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Table I. — Behavior of Organic Compounds Tested Under High Force Compression 


Compound 

Description 

Behavior 

Force 

Applied, Kg. 

Dextrose 

Unsieved powder 

No extrusion at 

7,600 

Lactose 

Unsieved powder 

No extrusion at 

7,600 

Sucrose 

20-Mesh crystals 

No extrusion at 

7,200 

Barbital sodium 

Unsieved powder 

No extrusion at 

7,200 

Acetanilid 

Unsieved powder 

Implosion at 

1,600 

Ascorbic acid 

20-Mesh crystals 

Implosion at 

6,800 

Barbital 

20-Mesh crj'stals 

Implosion at 

3,200 

Caffeine citrate 

Unsieved powder 

Implosion at 

6,400 

Saccharin 

Unsieved powder 

Implosion at 

3,300 

Saccharin sodium 

Unsieved powder 

Implosion at 

6,400 

Sulfathiazole 

Unsieved powder 

Implosion at 

4,100 

Theophylline 

Unsieved powder 

Implosion at 

3,000 

Acetjdsalicylic acid 

Unsieved powder 

Implosion at 

2,650 

Acet}dsa!icy!ic acid 

20-Mesh crj’stals 

Implosion at 

2,650 

Acetvlsalicylic acid 

Commercial granulation 

Implosion at 

2,650 

Acetyisaiicylic acid plus 1% 

Commercial granulation 

Implosion at 

2,200 

magnesium stearate 

Acetyisaiicylic acid plus 2% 

Commercial granulation 

Implosion at 

1,700 

magnesium stearate 

Acetophenetidin“ 

Unsieved powder 

Extrusion at 

1,200 

Urea" 

Unsieved powder 

Extrusion at 

3,000 


o One sample only. 


duced the force necessary for the implosion but did 
not eliminate the implosion. 

Extrusion of Lubricant. — A number of materials 
in common use as tablet lubricants were extruded 
and, as might be expected, the extrusion forces were 
quite low in comparison with other materials ex- 
truded. The results are listed in Table If and 


Table II. — Extrusion Forces for Some Common 
Lubricants'* 



Kg. 

Stearic acid 

335 

Aluminum stearate 

645 

Magnesium stearate 

305 

Calcium stearate 

250 

Zinc stearate 

480 

Talc 

2,200 


« As unsieved powder. 


are noteivorthy for the unexpectedly high force re- 
quired for the extrusion of talc. If it is assumed 
that the lower the extrusion pressure, the more 
efficient the lubricant, the results are in excellent 
qualitative agreement ivith those obtained by meas- 
urement of the ejection force (3, 4). Other methods 
of evaluating tablet lubricants have dealt mainly 
with the effect of the lubricant on the interparticie 
friction or the "slip.” Thus Nelson (5) found that 
magnesium stearate had no effect on the angle of 
repose of a tablet granulation while talc was effective 
in reducing it, Muenzel and Kaegi (6) also found 
talc to be better than the stearates in speeding the 
' rate of flow of granules. The role of lubricants in 
tablet compression is apparently more complex 
than a simple reduction of the coelBcicnt of friction 
between particles. Extrusion might be used as a 
measure of both "slip" and "antiadherence” effects 
of a lubricant. 

Extrusion of Mixtures. — ^The extrusion forces for 
sodium chloride and potassium chloride having been 
demonstrated, an attempt was made to determine 
the variation of extrusion force with mixtures of 


4.0 



2.0 


I I I I I 1 

0 25 .50 75 100 % 

Fig. 7. — Extrusion forces of mixtures of NaCI and 
KCl vs. % NaCl. 


the two salts. Accordingly, extrusion forces of mix- 
tures of the two salts were determined. In Fig. 7, 
the values of the reciprocal of the extrusion forces 
are plotted against the percentage of sodium chlo- 
ride present in the samples. The result is appar- 
ently a simple dilution phenomenon and the curve 
in Fig. 7 is calculated from the equation: 

1 _ % NaCl , % KCl 

F, 100 F“ NaCl 100 F° KCl 

where Ft is the extrusion force for the mixture and 
F° represents the extrusion forces of tlie pure com- 
ponents. 

When the effect of adding a lubricant to sodium 
chloride was tested the results, when plotted as the 
reciprocal of the extrusion force vs. the percentage 
of magnesium stearate (Fig. 8), show a deviation 
from the semierapirical equation, Eq. 1. This 
deviation is especially marked in the low concentra- 
tions of the lubricant. The lower curves in Figs. 
8 and 9 are calculated from the simple dilution for- 
mula, Eq. 1. The upper curve in each figure is 
derived from the equation: 

i = 0 . _% 1 _ 2) 

F, 100-F° ^ 100-F° 

A B 




2S8 


Journal of the American Pharmaceutical Association 


^ ol 10, i 


where Ft is again the total extrusion force, A is 
magnesium stearate. B is sodium chloride, and F° is 
the extrusion force of the pure component From 
Fig 9 It can be seen that the reduction in extrusion 
force due to the addition of magnesium stearate is 
greater than is to be expected from simple dilution 
alone Explicith it is greater bj a factor of two 
times the quotient {% lubricant/ F° lubricant) 
Thus in addition to simple dilution there is present 
a ‘lubricating” effect which is equal in mtensiU to 
the dilution factor up to about 2% magnesium 
stearate Bej ond this point the ‘ lubricating 
factor” IS reduced and the experimental points 
graduallj return to the dilution curv e, Eq 1 This 
IS in reasonable agreement with the maximum et 
fective percentage of magnesium stearate usuallj' 
used in tablet manufacture 

lo r 



Fig 8 — Extrusion forces of mixtures of NaCl and 
magnesium stearate vs % magnesium stearate 



L _1 L L L 1 

0 1 2 3 4 % 

Fig 9 — Extrusion forces of mixtures of XaCl and 
magnesium stearate is % magnesium stearate 

It IS interesting to note that Muenzcl (0) found 
that lubricants retarded the flow of sodium chloride 
cnstals, while in these experiments there is a defi 
mte lowering of the extrusion force It mai be 
postulated that the role of the lubricant in tablet 
compression is more than an antiadhcrence factor 
to pre\ent sticking to the punches and die and an 
increased slip factor, which enhances the flow of the 


particles It would appear from these results tint 
the lubricant plats an additional role in dccrcisinc 
the pressure necessan to obtain a desired stitc i f 
compression 

Upper and lower punch force readings ware a 
corded for set eral of the sodium chloride imgiic'-itrai 
stearate mixtures and the ratios 

_ Lower Punch Force 
Upper Punch Force 

are in agreement with literature tallies for the iddi 
tion of lubricant (3, 4) The tallies obtained «in 
somewhat low since in addition to the loss of force 
due to die-wall resistance there is also a loss of force 
through the extrusion opening 

SUMMARY AND CONCLUSIONS 

1 The forces necessan for the exlrtisioii of 
various inorganic electrolt tes through a '/i6 inch 
hole m the side of a tablet die tvere measured 

2 For the most part, organic tablet con 
stituents either did not extrude through a Vi* 
inch opening at pressures exceeding 100 tons 
square inch, or implosions occurred due to some 
unknown cause Of the organic materials tested 
only urea and acetophenetidin could be extruded 

3 A series of tablet lubricants were extruded 
and their extrusion forces are in approxinntc 
order of their efficiencies as tablet lubricants 

4 The extrusion forces for mixtures of sodium 
chloride and potassium chloride vere found to 
varj' according to a semiempirical formula (Eq I) 

5 The extrusion forces for mixtures of sodium 
chloride and magnesium stearate were found to 
deviate from Eq 1 The deviation w as tw icc the 
factor representing magnesium stearate in the 
right side of Eq 1 up to a lubricant concentration 
of 2% 
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Esters of Bicyclic Aminoalcohols IF 


The Synthesis of the Hydroxyquinolizidines and Some of Their 
Esters as Potential Therapeutic Agents 

By RAYMOND E. COUNSELLf and TAITO O. SOINE 

Synthesis of esters of 1- and 3-hydroxyquinolizidine as well as of the parent amino- 
alcohols is described, and preliminary screening suggests that antispasmodic activity 
is enhanced by the beta-arrangement. Suitable esters of all three aminoalcohols 
have also been synthesized to determine the degree of local anesthetic activity asso- 
ciated with them. A significant degree of inhibition of spontaneous motor activity 
in rats was noted with the trimethoxybenzoates of 1- and 3-hydroxyquinolizidine. 


A NUMBER OF SYNTHETIC DRUGS have been pre- 

^ pared by modification of naturally-occurring 
compounds. In particular, cocaine and atropine 
have served as prototypes for the development of 
numerous synthetic analogs with the hope of 
diminishing undesirable side effects associated 
with the natural products. Because these 
natural products are esters of complex cyclic 
aminoalcohols, most of the investigations to date 
have involved variation of the acyl portion and 
simplification of the aminoalcohol portion of the 
molecules. As a result of such investigations, a 
number of therapeutically useful compounds de- 
rived from rather complex acids and simple 
acyclic aminoalcohols have been S3mthesized. 
Nevertheless, there still appears to be room for 
substantial improvement in this field (1). 

Sternbach and Kaiser (2) have indicated that 
the more complex aminoalcohols of the bicj'clic 
type may have some merit. The aminoalcohols 
from which they prepared esters possessed a 
bridgehead nitrogen and included 3-quinucli- 
dinol, l-azabicyclo[3.2.1]-f)-octanol, 1-azabicy- 
clo[3.3.1 !-4-nonanol, and octahydro-l-pyrrocol- 
inol. The fluorene-9-carbox5date ester of .3- 
quinuclidinol was twice as active as atropine in 
abolishing acetylcholine-induced spasm and the 
diphenylacetate was equivalent to atropine. 
Further pharmacological data reported by 
Randall and co-workers (3) indicated that 
maximal activity was obtained in compounds 
wherein the nitrogen and alcoholic oxygen func- 
tions of the aminoalcohol were separated by two 
carbon atoms. Because of the paucity of in- 
formation on esters of bicyclic aminoalcohols, 
Rhodes and Soine (4) were prompted to inv'esti- 
gate the antispasmodic potentiality of esters of 

* Rcccjyed Aupust 21, 19^19, from the College of Phar- 
macy, University of Minnesota, Minneapolis ' 
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2-hydroxyquinoHzidine (I), This particular 
aminoalcohol was chosen because of its structural 
relationship to tropinol (II) in so far as the rela- 
tive positions of the nitrogen and alcoholic func- 
tions are concerned. The only compound with 
significant atropine-like activity in this series, 
however, was the methobromide of the ester de- 
rived from xanthene-9-carboxyIic acid. Never- 
theless, in liglit of the findings of Randall and co- 
workers on esters of quinucHdinol (III) the prepa- 
ration of esters of 1- and S-hj'droxyquinolizidine 
(IV and \0 was indicated in the hope of potentiat- 
ing the pharmacologic activity of this series. 
These two aminoalcohols would be isomeric with 
the previously examined compound but would 
differ in the essential aspect that each would 
have the desired hcla-relationship of the nitrogen 
and alcoholic functions. Consequenthq some 
esters of these two aminoalcohols have been pre- 
pared for pharmacological testing as anti- 
spasmodics or anticholinergics and, in addition, 
other esters of both alcohols as well as of 2 -h 3 '- 
dro.xyquinolizidine have been prepared for evalua- 
tion as local anesthetics. In this latter respect, 
the structural relationship of piperocaine’ (VI) 
(7-(2-methylpiperidine)-prop3'I benzoate hydro- 
chloride] to the benzoate of 2-h\'droxvquinoHzi- 
dine (VII) is worthy of note. In a study of 
piperidine and substituted piperidine-alk}'! benzo- 
ates, it was noted by McElvain (5) that only the 
substituted compounds exerted any anesthetic 
effect on mucous membranes. The favorable 
pharmacological properties of piperocaine have 
led to its rather extensive clinical acceptance for 
both topical and infiltration anesthesia. More- 
over, a number of compounds have been sj-n- 
thesized involving minor variations of the pipero- 
caine molecule (0). A dose inspection of VII 
reveals that it maj' be looked upon as a closed 
ring form of VI. Since an alpha-meihyV group 


'Piperocaine is marketed under the brand name of' 
X^letj*caine. 
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on the piperidine ring increase.^ activity, it 
seemed of interest to determine ivhat effect spatial 
restriction, in the form of another ring, would 
have upon the activity of the compound. Conse- 
quently, the preparation of the benzoates of the 
tliree isomeric aminoalcohols was indicated. 

Compounds containing the quinolizidine ring 
structure are of further interest since this nucleus 
is found in a number of naturally occurring 
alkaloids. Considering the extensive interest in 
reserpine (VIII), preparation of the trimcthoxi-- 
benzoates of the three aminoalcohols seemed 
inviting. The same procedures of chemical dis- 
section reminiscent of the tropane alkaloids, 
cocaine and atropine, have been applied to re- 
serptne by Miller and Weinberg (7, 8) with the 
result that the y-diethylaminopropyl ester of 
trimethoxybenzoate (IX) was shown to have one- 
third the activity of reserpine in the tests em- 
ployed. 

A search of the literature revealed that all three 
aminoalcohols had been synthesized previously. 
Although the 2- and 3-hydroxyquinolizidines 
were reported only recently (9, 10), the corre- 
sponding ketones of all three aminoalcohols ha\ c 
been known for some time. These were prepared 
by Clemo and co-workers (11-13), via the Dieck- 
mann cycUzation reaction, during the course of 
an e.\tensive investigation of the lupine alkaloids. 


Although the Dieckmann cyclization also is 
utilized in this work there are enough useful 
modifications in procedure, resulting in enluinccd 
yields, that these should be mentioned. 

The synthesis of IV reported in the present 
paper is illustrated by Fig. I. The Clemo syn- 
thesis of IV is improved considerably by tlic 
adoption of Reckhow and Tarbell’s procedure (M) 
of alkylating ethyl piperidine-2-carboxylate willi 
ethyl y-bromobutyrate (easily obtained from 
y-butyrolactone) instead of with the corresjiond- 
ing nitrile. These workers also reported an im- 
proved method for preparing ethyl pipcridinc-2- 
carboxylate which in turn has been improved in 
the present report. A marked improvement over 
the reported procedures for preparing the diestcr 
ivas noted when the alkylation reaction 'V-'s 
carried out by reacting two equivalents of aimno- 
ester for each equivalent of bronioestcr rntlier 
than carrying out the reaction with equimolar 
quantiles in the presence of anhydrous jxitas'^inni 
carbonate. 

The sj'nlhesis of I was carried out in essentiali> 
the same manner and in tlie same yields ns ik- 
scribed by Rhodes and Soinc (Rig. 2) with the 
principal difference being that the cyclizalion was 
effected more conveniently with sodium hydridi 
rather than metallic .soditirn. 

Figure 3 illustrates the presently rejiorted 
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1-Hydroxyquinolizidine 
Figure 1. 


H./Pt O; in 
Glacial AcOH 



2-HydroxyquinoUzidine 
Figure 2. 


synthesis of V. The method of Clerao posed a 
somewhat formidable problem with respect to 
the acquisition of sufficient diester for the cycliza- 
tion reaction. These workers resorted to a some- 
what lengthy procedure of condensation, hydrol- 
ysis, esterification, and hydrogenation to obtain 
ethyl-fl-pyridyl propionate. To achieve the 
same goal, the procedure of Boekelheide (15) was 
' used to obtain fl-(2-pyridyl)-propionitrile by 
interaction of 2-vinylpyridine with acetic anhy- 
^ dride and potassium cyanide followed by eth- 
anolysis of the nitrile to the desired ethyl ester. 
Another desirable modification of procedure %vas 
in the use of sodium hydride as a convenient 
condensing agent rather than either potassium 
or sodium metal. 


In all cases the smooth reduction of the keto- 
quinolizidines was most easily accomplished by 
the use of sodium borohydride and, in analogy to 
other such reductions, the product is expected to 
be the epimer with the hydroxyl group having the 
equatorial conformation. Indeed, the use of 
platinum oxide as the catalyst in the hydrogena- 
tion of 3-ketoquinolizidine, in contrast to the 
quantitative hydrogenation experienced with the 
2-isomer (4), resulted in hydrogenolysis with the 
formation of substantial amounts of quinolizidine 
and lowered yields of the desired compound. 

The acids employed in this work were either 
commercially available or were readily syn- 
thesized by known methods. 

Three general methods were employed for the 
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Figure 3 


preparation of the esters In the preparation of 
the substituted acetic acid esters, the use of 
triethylamine (16) proved to be advantageous 
This tertiary amine is sufficiently basic to be 
preferentially precipitated as the hydrochloride 
(method la) An alternate method (method lb) 
was to use two moles of the ammoalcohol per 
mole of acid chloride The aad chlorides were 
prepared in the usual manner with thionyl 
chloride and were emplo 3 ’ed in the crude form 
directlj’ after removal of solvent and excess re 
agent The acjdations were performed in ben- 
zene with equimolar quantities of acid chloride, 
ammoalcohol, and tneth) lamme (or another mole 
of ammoalcohol) The base hj'drochlonde pre- 
cipitated during the reaction and, on the basis of 
its weight, was useful for indicating the extent of 
reaction When method 1 was applied to the 
preparation of the benzoate esters, the yields were 
generall}' poor and the products extremel}’^ diffi- 
cult to purify The Schotten-Baumann reaction 
also proved to be without value These esters, 
however, were prepared 63 * the ester-mtcrchangc 
reaction (method 2 ) in essentiall 3 ' quantitative 
3 nelds and in a form easil 3 ’ purified Although 
sodium alkoxides are the common catah sts for 
this reaction, sodium h 3 ffiride was not onh' more 
convenient but also productive of higher yields 
ContraiA’ to Reimer and Downes (17), who stated 
that under the conditions of their reactions ester 
interchange witli meth 3 l benzoate was restricted 
to primary alcohols, this reaction was found to 
proceed well and was definitely the method of 
choice for the preparation of these esters Tlie 
phenylcarbamate esters were prepared in the 
usual manner by treating the aminoalcohols with 
phen 3 lisoc 3 ’anate (method 3) 

The results of antispasmodic testing- were not 


as clear cut as could have been desired became 
the standard used (methanthelinc bromide) gaic 
results indicating complete spasniol 5 'sis at a 
lorver concentration (1:1,006,000) than partial 
inhibition (1 200,000) This w'as attributed bi 
the pharmacologist to the vagaries of pIi 3 >ao 
logical test materials However, if melliaiitlic 
line bromide is considered to be approxiinatcli 
equivalent to atropine in preventing contraction 
of excised ileum when stimulated by acctil 
choline, the activities of some of the esters would 
indicate that activit 3 ’ of the 1 - and 3 -hydro\)- 
quinolizidme esters is as great or greater than tlie 
corresponding esters of 2 -h 3 'dro\ 3 ’qiiinolizidiiic 
The difference seems to be significant but 
requires more stud 3 ' under standardized condi 
tions The methobromides, as expected showed 
substantiall 3 ’ more activit 3 f than the correspond- 
ing h 3 ffirochlorides All of the compounds tested 
show'cd more activity than papaverine li 3 dro 
chloride in reducing barium-induced nitisclc 
spasms The results of the antispasmodic test- 
ing are shown in Table IV 

Local anesthetic activit 3 - of the various esters 
prepared is recorded in Table V using piperocaine 
as the standard with an arbitrar 3 ' value of I 
Activit 3 ’ was found to be superior to that of the 
standard in the xanthene -9 carboxylic acid and 
diphen 3 dacetic add esters of 3 -h 3 ’drox 3 'quinoln'i 
dine, the xanthene- 9 -carbox 3 'lic add ester of I- 
h 3 -drox 3 quinoli 7 idine, and in the benzoate of 2 
h 3 -drox 3 -quinoli 7 idine The latter showed an 
actix’it)’ 1 72 times that of the standard, indicat- 
ing that the steric restriction imposed 1)3 the 
ring combined with optimal intcrprostbctic dis- 


* The atilhor*? arc indehtetl to the Howell I al>^ 

Inc Ujudelte Minn , who urnn^ced to h'l' e Ihc " 

b> the Hazleton Laboratories I alls Church, Vu 



May 1960 


Scientific Epttion 


293 


lance could be a factor in the activity of pipero- 
caine. Neither of the other two benzoates was 
significantly active. The phenylcarbamales 
were of uniformly low activity. 

The effects of the trimethoxybenzoates of the 1- 
and 3-hydroxyquinolizidines on spontaneous 
motor activity of rats was determined by the use 
of activity cages. Both of the compounds de- 
pressed spontaneous motor activity in a manner 
qualitatively similar to clilorpromazine and re- 
serpine but were considerably less potent. The 
test, however, is not specific for tranquilizing 
properties inasmuch as barbiturates, narcotics, 
antihistamines, and a host of other drugs will 
produce similar results. The compounds will be 
studied in more detail, however, in an effort to 
elucidate the mechanism of action. This will be 
reported upon by others at a later date. Table 
VI gives a siunmary of the results of testing. 

EXPERIMENTAL 
Synthesis of Aminoalcohols 

l-Hydro3cyquinolizidme . — Ethyl Pipcridiite-2-car- 
boxyhte . — This compound was prepared from 
picoiinic acid by hydrogenation and esterification 
according to the procedure of Reckhow and Tarbell 
(14) which employs sulfuric acid as catalyst in the 
latter step.® The esterification procedure was 
improved somewhat by employing a Soxhiet ap- 
paratus charged with a mixture of anhydrous sodium 
and calcium sulfates in the extraction chamber to 
serve as drjdng agents. The yield was 68% of 
theory, b. p. 65-70°/2 mm., 1.4564. Reported, 
b. p. 83-85°/7 mm. (14); g2°/12 mm. (II); 
1.4547 (18). Hydrochloride, m, p. 213.5-214°; 
reported, 202-203 ° ( 14). 

Ethyl j-Bromobutyratc . — This ester was prepared 
from butyrolactone in 61.5% yield by the method 
of Reckhow and Tarbell, b. p. 65-67°/4 mm., 
1.4555. Reported, b. p. 76-78°/7 mm., n” 
1.4538(14) and 1.4539(19). 

Diethyl Piperidyl-l-y-bniyratc-2~carb')xylate . — 
Ethyl piperidine-2-carboxylate (142.7 Gra., 0.91 
mole) and ethyl 7-bromobutyrate (90 Gm., 0.46 
mole) were placed in a 2-L., three-necked flask 
and anhydrous benzene (600 ml.) added. The 
flask was equipped with a mercury sealed stirrer 
and a condenser fitted with a drying tube, and the 
contents were refluxed on a steam bath for forty 
hours, with stirring. The mixture was allowed to 
cool and the precipitated salt removed by filtration. 
After washing the precipitate with anhydrous 
benzene (two 200-m!. portions), the benzene was 
removed from the filtrate under slightly reduced 
pressure. During the concentration, any addi- 
tional salt that formed was removed by filtra- 
tion. After removal of the benzene, the product was 
distilled to yield 109.3 Gm. (SS%). b. p. 142- 
145° at 1.2 mm., n^° 1.4602. Reported, b. p. 
102° at S mm., jff,? 1.4C04 (14) and 1.4588 (20). 
Ethyl piperidine-2-carboxylale was recovered 


quantitatively from the above hydrobroinide salt 
by treatment with excess potassium carbonate 
solution (50% w/v), extraction with benzene, re- 
moval of solvent, and distillation under reduced 
pressure. 

1-Ketoquitwlizidine . — Diy nitrogen was bubbled 
through anhydrous xylene^ (200 ml.) contained in a 
1 L., three-necked flask and sodium hydride® 
(26 Gm. of a 45.8% dispersion, 0.5 mole) was 
then added. Commercial absolute ethanol (1 
ml.) was added and the mixture heated to the reflux 
temperature. Diethvl pipertdyl-l-T-butjvate-2- 
carboxylate (54 Gm., 0.2 mole), dissolved in an- 
hydrous xylene (200 ml.), was added dropwise with 
stirring over a period of two hours. Stirring at the 
reflux temperature was continued for an additional 
five hours, the mixture cooled in ice, and glacial 
acetic acid (34 Gm., 0.57 mole) added slowly to de- 
compose the excess hydride. The passage of 
nitrogen was stopued and water (lOO ml.) was 
added to dissolve the sodium acetate formed. The 
aqueous layer was separated and e.xtracted with 
xylene (three 26-ml. portions) which was added to 
the original xylene phase. The xylene layer was 
then extracted three times with 6 N hydrochloric 
acid (150-ml. portions) and the combined acid 
extracts heated under reflux for ten hours. After 
cooling, the solution was neutralized and saturated 
with solid potassium carbonate and the excess 
solids collected on the filter and washed with ether. 
The ether washings were then used to extract the 
aqueous solution (five 100-mI. portions). The 
combined ether extracts were dried, the ether 
removed by distillation, and the product collected 
under reduced pressure. The yield of 1-keto- 
quinolizidine was 21.5 Gm. (70% of theory), 
b. p. 65-70°/0. 15-0.2 mm. (reported, 95°/4 mm. 
(20)1, 1.4912 [reported ji°o° 1.4935 (14)]. 

The picrate was prepared in ether and recrystallized 
from an ethyl acetate-cvclohexane mixture, m. p. 
166-167° [reported, 167-168° (20)]. 

1 - Hydroxyquinolizidine. — 1 - Ketoquinolizidine 
(21 Gm., 0.137 mole) was dissolved in water (SO 
ml.) and slowly added to a solution of sodium 
borohydride (1.5 Gm.) in water (60 ml.). The 
mixture was shaken and kept cool during the 
addition. After allowing the mixture to stand at 
room temperature lor five hours, ammonium 
hydro.xide solution (20 ml.) was added and the 
mixture allowed to stand for an additional hour. 
The solution was then saturated with sodium 
chloride and extracted with hot benzene (four 50- 
ml. portions). The benzene extracts were combined, 
dried over anhydrous sodium sulfate, and the 
solvent removed under slightly reduced pressure. 
A small portion of the white solid remaining in the 
flask was washed with ether and melted at 73- 
74° [reported, 65-68° (11)]. The remainder was 
distilled in vacuo to yield 19.7 Gm. (93% of theorjO 
of product, b. p. 92-93°/15 mm. [reported, 127- 
130°/18 mm. (20)]. The picrate was prepared by 
precipitation from ether and recrj'stallization from 
absolute ethanol to yield yellow needles, m. p, 
175.5-176.5° [reported, 174-175° (20)]. 

2 - Hydroxyquinolizidine. — 2 - Keloguinolizi- 
dinc. ^This aminoketone was prepared according to 


* The Mse of absolute ethanol and dry hydrogen chloride 
gas jn the esterification procedure resulted in a 12% jield. 


1 Redistilled and stored over calcium hydride. 

St!. Beveriy 17^ *-'24 Congress 
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the method of Rhodes and Soine (4) in substantially 
the same yields as reported by these workers. 
The product corresponded in all physical properties 
and properties of derivatives with those reported 
earlier. 

2-Hydroxyguino!izidine. — This compound was 
prepared by reduction of 2-ketoquinolizidine with 
sodium borohydride in the same manner as de- 
scribed for the preparation of l-hydroxyquinolizidine 
above. Distillation of the product provided a 
91% yield of a clear, colorless, viscous oil, b. p. 
89-93°/0.1-0.15 mm. [reported, 132-133°/15 mm. 
(4)]. On cooling, the product solidified and 
melted at 89-90° [reported, 91-92° (4) and 92° 
(9)1. 

3 - Hydroxy quinolizidine. — j3 - (2 - Pyridyl) - 
propio7iitrile. — This compound was prepared bj’ the 
method of Boekelheide and co-workers (15) from 
2-vinylpyridine, acetic anhydride, and potassium 
cyanide in 68% yield as an almost colorless oil, 
b. p. 95-96°/2 mm., 1.5180 [reported, b. p. 
97-99°/2 mm., ii'^ 1.5175 (15); b. p. 85-87°/! 
mm. (21); b. p. 93-96°/1.25-1.5 mm. (22)]. The 
picrate was prepared in ether and recrj'stallizcd 
from ethanol, m. p. 148-150° (deconipn.) [reported, 
140-142 ° (decompn. ) ( 15, 22 ) [. 

Ethyl - 0 - (2 - pyridyl) - propionate. — Com- 
mercial absolute ethanol (500 ml.) and /3-(2-pyrid3’l)- 
propionitrile (50 Gm., 0.38 mole) were placed in 
a 1-L. round-bottomed flask. Concentrated sulfuric 
acid (50 ml.) was then slowly added to this mixture 
with stirring and cooling.® The resulting solution 
was placed on a steam bath, fitted with a condenser 
and drying tube, and refluxed for eighteen hours. 
At the end of this time the solution was concen- 
trated, the viscous residue dissolved in water (100 
ml.), and the resulting solution basified with ice 
cold aqueous 15% (w/v) sodium hydroxide solu- 
tion. The mixture was then immediately extracted 
with ether (three 150-ml. portions) and the combined 
ether extracts dried over anhydrous sodium sulfate. 
The solvent was removed and the residue fraction- 
ated under reduced pressure. The fraction distilling 
at 9G-100°/0.9 mm. was collected to yield 52.5 
Gm. (77% of theorj') of a clear, colorless liquid, 
n"o 1.4920. The reported b. p. is 95°/l mm. 
(13). The picrate separated as an oil from ethanol 
and was recrj'stallized from ether, m. p. 83.5- 
84.5° [reported, m. p. 84° (13) and 83-84° (23)]. 

Diethyl Fyridiniutn-l-acetate-2-0-propionatc Bro- 
tnidc. — Ethyl-/S-(2-pyridyl)-propionate (70.0 Gm., 
0.39 mole), ethj'l bromoacetate (65 Gin., 0.39 
mole), and anhydrous acetone (300 ml.) were 
placed into a 500-ml., three-necked flask and the 
mixture was then refluxed for eighteen hours on a 
steam bath. After cooling the refluxed mixture, 
the separated solids were removed by filtration, 
washed with ether, and allowed to drj-. The 
crude product weighed 128 Gm. (95% of theory) 
and was used in the subsequent reaction without 
further purification. Recrvstallization from an 
acetone-ethanol mixture afforded crystals, m. p., 
163-164° (decompn.) [reported, m. p. 158-159° 
(decompn.) (24) and 159° (decompn.) (13)]. 

Diethyl Piperidyl - 1 - acetate -2-0- proptona’e.— 
Diethyl pyridinium-l-acetate-2-;3-propionate bro- 


• The use of absolute ethanol and dry hydrogen chloride 
s7n threthaoolysis procedure resulted in a oSVr yeld. 


mide (20 Gm., 0.058 mole) was dissolved in water 
(170 ml.) and glacial acetic acid (30 ml.). The 
mixture was shaken with platinum oxide (0.1 Gm.) 
and hydrogen in a standard Parr low prc.wiirc 
hydrogenation apparatus. After the requirai 
amount of hydrogen had been absorbed, the mixture 
was filtered and the filtrate concentrated nmicr 
partially reduced pressure. The resulting residue 
tras basified with a saturated solution of sodium 
carbonate and immediately extracted with ether 
(three 125-ml. portions). The combined ether 
extract was dried over anhydrous sodium sulfate. 
After removal of the ether by distillation, the 
residue was fractionated under reduced pressure to 
yield 13.5 Gm. (86%) of a colorless liquid, h. p. 
134-135°/0.9 mm., 1.4634 [reported, b. p. 
138-140°/! mm. (13) and 112-113°/0.35 nnn., 
w'd" 1.4645 (24)]. 

3-Kctoguinolizidine . — Tim Dieckmann cj’clizatiou 
of diethyl pipcridyl-l-acetate-2-/3-propionate was 
performed in a manner almost identical to that 
described for the preparation of l-ketoqninolizidiiic 
(loc. cit.). A 57% yield of the aminoketone was 
realized, b. p. 63-65°/0.25 mm., rryf 1.4910 [re- 
ported, b. p. 62-63°/0.C5 mm., ny? 1.4926 (24)1. 
The picrate was prepared in ether and rccrj’Stallized 
from acetone at a low temperature, m. p. ISO- 
181° (decompn.) [reported 180-182° (decompn.) 

(24) ]. 

3-Hydroxyquinolizidinc . — Reduetion of 3-hcto- 
quinolizidine with sodium borohydride in tbc 
manner described for l-hvdroxyquinolizidinc {.loc. 
cit.) yielded 3-hydroxy quinolizidine in 89% yield, 
b. p. 83-86°/0.3 mm., u-§ 1.5020 [reported, b. p. 
128°/14 mm. (20)]. The picrate was prepared in 
ether and recrvstallized from ethanol, m. p. 101.5- 
163° [reported, m. p. 161.5-102.5° (20)]. 

Hydrogenation of 3-ketoquinolizidine catalyti- 
cally with a platinum oxide catalyst and ferrous 
sulfate promoter yielded a mixture of the expected 
3-hydroxyquinolizidinc (61% yield) and quinolizi- 
dinc, b. p. 41-45°/0.G mm., 1.4830 [reported 

(25) , b. p, 84°/21 mm., n-« 1.4796]. The picrate 
was prepared, m. p. 196.5-199° [reported, m. p. 
198-199° (25)]. Tile melting point of this picrate 
was not depressed by admixture with an authentic 
sample of quinolizidine picrate kindly supplied by 
Dr. V. Boekelheide.' 


Synthesis of Esters® 

Method 1 a. — Qiiinolizidin-3-yl Diphenylacetatc 
Hydrochloride . — The acid chloride prepared from 
diphenylaeetic acid (3.0 Gin., 0.014 mole) and 
thionj'l chloride (10 ml.) was dissolved in anii.vdroiis 
benzene (20 ml.) and slowly added with stirring to 
a mixture of 3-hj'droxyquinolizidine (2.0 Oin., 
0.013 mole) and triethylainine (2 ml.) dissolved in 
anhydrous benzene (20 ml.). The reaction mixture 
was kept cool throughout the addition iieriod. 
After allowing the reaction to proceed at uriiu 
temperature [or one-half hour the mi.xliire w-'O’ 


I Department of Chemistry, Univcrsily ot Roehrilrr. 
Rochester, N'. V. 

• See Tables I, II, and III for physical constants and anv 
Ij-tical data. Because the synthesis of the esters 
three Kcneral methfMis iireviously discussed they ss-iM not o 
treater] inrltviclually anri rmly a rcpretcntaljvc syntiif’’’ ’ 
each general category is given. The exampic given i< tyi'tc.i 
of all syntheses in that group. 
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Table I — Esters or l-HYDRO->CY2utNOEiziDiNB 



Method 

of 

Prepn 


Recrystallized 

from 


M p , 


Emptncal 

Formulas 


-Analj ses- 


Carfaon. % Ifjdrogen, % 

Calcd Found Calcd Found 



la 

Methylene 
chloride, ethyl 

lGl-103 

C'lHsNO- HCl 

71 58 

71 47 

7 31 

7 29 



acetate, ether 







■o 


Isopropanol 

234-230 

CmHstNOj CHiBr 

64 SO 

04 29 

6 81 

G SO 


acetone, ether 

(decompn ) 






o 

la 

Methylene 
chloride, ethyl 

210-212 

CsiHmNO) HCI 

69 07 

CS 79 

0 55 

G 48 

/ \ 

O CH— 

\ / 


acetate 







o 


Isopropanol, 
acetone, ether 

225-220 

CsiHhNOi CHsBr 

G2 89 

62 07 

6 16 

5 97 

CHjO 

lb, 2 

Isopropanol, 

205 5-20G 5 

C„H.jNOj HCl 

59 14 

59 24 

7 31 

7 30 

\ 


isopropyl ether 







CHiO— — 
\ 


















CHiO 









o- 

2 

Ethanol, isopro 
pyl ether. 

189-191 

C tHuNOj HCI 

64 96 

65 16 

7 50 

7 46 



acetone 








3 

Ethanol isopro 
pyl ether 

2n-2i-> 

CuHi-NsO: HCl 

61 S3 

61 88 

7 46 

7 33 


Table II — Esters op 2 Hydrovyquinolizidike 



R 

CHiO 



Method 

of 

Recrystalhzed 


Empirical 

Analj ses v 

Carbon % Hydrogen % 

Prepn 

from 

M p . "C 

Formulas 

Calcd 

Found Calcd Found 

2 

Isopropanol, 
isopropyl ether 

242-243 
(decompn ) 

CnHzjNOi HCI 

59 14 

59 32 7 31 7 35 


2 

Ethanol, isopro 
pjl ether 

265-206 
(subl ) 

CisHi.NOj 

64 96 

65 17 

7 SO 

7 54 

3 

Ethanol, isopro 
pyl ether 
acetone 

212 5-214 5 

CisH'sNjOj 

61 83 

61 00 

7 46 

7 56 


< heated at 05 to 70° for two hours under a stream of 
j tlo' nitrogen gas After cooling, the precipitated 
f tnetlnKininc hydrochloride was removed by 
filtration and the residue « ashed with anhydrous 
benzene (20 ml ) The combined benzene filtrate 
and washings were concentrated under niodcratclj 
reduced pressure and the residue dissoh cd in 
absolute ethanol Ethereal hvdrogcn chloride was 
added to the etlianolic solution until acid to p- 


Hjdnon paper and the solvents removed under 
reduced pressure The resulting glass was hardened 
bv triturating with anhvdrous ether and rccrjstal- 
lized from a inivturc of niLtlivlcnc chloride and ethv] 
acetate, m p 189-190°, v leld 4 0 Gm (92% of 
theorv ) 

Qiitnohzidin-S yl Diphcinlacdalc Mclhohromtdc — 
Tins salt was prepared bv basifv mg a solution of the 
above hvdrochlondc with ice cold potassium carbo- 
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the method of Rliodes and Seine (4) in siihstantially 
the same yields as reported 1)}' tliese workers. 
Tlie product corresponded in all ph}'sical properties 
and iiroperties of derivatives with those reported 
earlier. 

‘J-IIydroxyquinoIizitlinr. — This componnd t\-as 
prepared by reduction of 2-ketoqninolizidine with 
sodium borohydride in the same manner as de- 
scribed for the preparation of l-hvdro.\yt|uinolizidine 
above. Distillation of the product provided a 
91% yield of a elcar, colorless, viscous oil. b. ji. 
89-9:iV0.1-0.ir. mm. [reported, i;j2-l.Tj°/ir) mm. 
(4)]. On cooling, the jiroduct solidified and 
melted at 89-!)()° [reported, 91-92° (4) and 92° 
(9)]. 

3 - Hydroxyquinolizidine. — ft - (2 - Pyridy!) - 
prnjiionilrilc.—’l'ins compound was [ireiiared by the 
mctliod of Boekelheide and co-workers (I'l) from 
2-vinylpyridine, acetic anhydride, and potassium 
cyanide in OS','?, yield as an almost colorless oil, 
b. p. 95-90°/2 mm., «»' l.,olS() [reported, b. p. 
97-99°/2 mm., jr„° l.olTo (lo); b. p. sr,-S7°/I 
mm. (21); b. p. 9;i-9(i°/1.2')-l.o mm. (22)| The 
picrate was prepared in ether and rccrystallized 
from ethanol, m. l). 148-lo0° (decomim ) [reliorted, 
140-142° (decompn. ) ( 15, 22 ) |. 

pf//y/ - (3 - (2 - pyridy/) - propionate. -■ Com- 
mercial absolute ethanol (500 ml ) and /j-(2-pyridyI )- 
liropionitrilc (50 Gm,. 0.88 mole) were placed in 
a 1-L. round-bottomed flask. Concentrated sulfuric 
acid (50 ml.) was then slowly added to this mixture 
with stirring and cooling.' The resulting solution 
was placed on a steam bath, fitted leith a coiidcii.ser 
and drying tube, and refiu.xed for eighteen hours. 
At the end of this time the solution was concen- 
trated, the viscous residue dissolved in water (1(10 
ml.), and the rasulting solution basified with ice 
cold aqueous 15% (w/v) sodium hydroxide solu- 
tion. The mixture was then immediately extracted 
with ether (three 150-ml. portions) and the combined 
ether axtracts dried over anhydrous sodium sidfate. 
The solvent was removed and the residue fraction- 
ated under reduced pressure. The fraction distilling 
at 9G-l()0°/0.9 mm. was collected to yield 52.5 
Gm. (77% of theory) of a clear, colorlc.ss liquid, 
1.4920. The reported b. p. is 95°/l mm. 
(13). The picrate separated as an oil from ethanol 
and was rccrvstallized from ether, in. p. 83.5- 
84.5° [reported', in. p. 84° (13) and S3-84° (23)]. 

Diethyl Pyridinium-l-arclate-2-P-propionalc Bro- 
mide. — EthyI-^-(2-pyridyl)-propionatc (70.0 Gm., 
0.39 mole), ethyl bronioacctate (05 Gm., 0.39 
mole), and anhydrous acetone (300 ml.) were 
placed into a 50b-ml., three-necked flask and the 
mixture was then refluxed for eighteen hours on a 
steam bath. After cooling the refluxed mixture, 
the separated solids were removed by filtration, 
washed with ether, and allowed to dry. The 
crude product weighed 128 Gm. (95% of theory) 
and was used in the subsequent reaction without 
further purification. Recrvstallization from an 
acetone-ethanol mi.xture afforded crystals, m. p., 
103-104° (decompn.) [reported, m. p. 158-159° 
(decompn.) (24) and 159° (decompn.) (13)). 

Diethyl Piperidyl - 1 - acetate -2-p- propionate.— 

Diethyl pyridinium-l-acctate-2-/3-propionatc bro- 


. TI.e use of nbsolt.le etimnol oud dry hydrosen chloride 
s in the ethanolysis procedure resulted in a oS% Jield. 


iiiidc (20 Gm., 0.058 mole) was dissolved in water 
(170 ml.) and glacial acetic acid (30 ml.). The 
mixture was shaken with platinum oxide (0.1 Gm.) 
and hydrogen in a standard Parr low pressure 
hydrogenation tipparatus. After the required 
amount of hydrfjgcn had been absorbed, the mixture 
was filtered and the filtrate concentrated under 
Iiartially reduced pressure. The resulting residue 
was basified with a saturated solution of sodium 
carbonate and immediately extracted with ether 
(three 125-inl. portions). The combined ether 
extract was dried over anhydrous sodium sulfate. 
After removal of the ether by distillation, the 
residue was fractionated under reduced pressure to 
yield 13.5 Gin. (80% ) of a colorless liquid, b. p. 

134- 135°/0 9 mm., n',' 1.4034 [reported, b. p. 

135- !40°/l mm. (13) and 112-113°/0..35 mm., 
1. -1045 (24)1. 

3-Kctnqut)wlizidine . — The Dieckmann cyclization 
of diethyl piperidyl-l-acetate-2-^-propionate was 
performed in a manner almost identical to that 
described for the preparation of 1-ketoquinolizidine 
(/or at ) A .57% yield of the aminoketone was 
realized, b. p. 03-05°/0.25 mm., nJJ 1.4910 [re- 
ported, b. p. 02-03°/().05 mm., 1.4920 (24)]. 
The iiicrate was prepared in ether and recrx'stallized 
from acetone at a low temperature, m. p. 180- 
181° (decompn.) [reported 180-182° (decompn.) 

(24) 1 

3-IIydroxyqmnotizidinc . — Reduction of 3-keto- 
qiiinolizidine with sodium borohydride in the 
manner described for 1 -hydroxyquinolizidine (loc. 
cit.) yielded 3-hydro.vyquinolizidine in 89% jdeld, 
b. p S3-S0°/0.3 mm., n',? 1.5020 [reported, b. p. 
128°/14 mm. (20)). The picrate was prepared in 
ether and recrystallizcd from ethanol, m. p. 161.5- 
103° [reported,'m. p. 101.5-102.5° (20)]. 

Hydrogenation of 3-ketoquinoiizidine catalyti- 
cally with a platinum oxide catalyst and ferrous 
sulfate jironiotcr yielded a mixture of the e.xpected 
3-hydroxyqninolizidine (01% yield) and quinolizi- 
dinc, b. p. 41-45°/0.G mm., n-d 1.4830 [reported 

(25) , b. p. S4°/21 mm., I.479G]. The picrate 
was prepared, m. p. 190.5-199° [reported, m. P- 
198-199° (25) |. The melting point of this picrate 
was not dcjircsscd by admixture with an authentic 
sample of quinolizidine picrate kindly supplied by 
Dr. V. Boekelheide.’ 


Synthesis of Esters' 

Method 1 a.—Qiiinolizidin-3-yl Diphcnylacctate 
Hydrochloride. — The acid chloride prepared from 
diphcnylacetic acid (3.0 Gm., 0.014 mole) and 
thionyl chloride (10 ml.) was dissolved in anhydrous 
benzene (20 ml.) and slowly added with stirring to 
a mixture of 3-hydroxyquinolizidine (2.0 Gm., 
0.013 mole) and triethylamine (2 ml.) dissolved in 
anhydrous benzene (20 ml.). The reaction mixture 
was kept cool throughout the addition period. 
After allowing the reaction to proceed at room 
temperature for one-half hour the mixture was 


1 Department of Chemistry, University of Rochester, 
achester, N. Y. 






lyticnl dnta. Because the sj-nthe ■ !■' L’ ’.' 
three general methods previously ( ■ 

treated individually and only a -i . ■ I il-'.y ' ■ ' ' 
each general category is given. The example given is t> P‘ 
of all syntheses in that group. 
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Table I. — Esters or l-HYDuoxyQuiNOLizimNE 


o 


o— c— R 





R 



Method 

of 

Prepn 

ia 


la 


lb. 2 


2 


3 





Analyses 


Recrystalhzed 


Empirical 

Carbon, % 

Hydrogen, % 

from 

M p . 

Formulas 

Calcd Found 

Calcd 

Found 

Methylene 
chloride, ethyl 
acetate, ether 

161-1G3 

CnHiiNO. HCl 

71 58 71 47 

7 31 

7.29 

Isopropanot, 
acetone, ether 

234-230 
(dccompn ) 

CiiHiiNOi CHiBr 

64.80 04 19 

G 81 

0 80 

Methylene 
chloride, ethyl 
acetate 

210-212 

CiiHisNOi HCl 

69 07 68 79 

G 55 

6. 48 

Isopropanol, 
acetone, ether 

225-220 

CiiHaNOj-CHiBr 

02 89 62 67 

6 16 

5 97 

Isopropanol, 
isopropyl ether 

205 5-206 5 

Ci»H:sNOi-HCl 

59 14 59 24 

7 3i 

7 30 


Ethanol, isopro- 
pyl ether, 
acetone 

189-191 

C iHiiNOt HCl 

04 

90 

65 

16 

7 50 

7 46 

Ethanol, isopro 

213-215 

CuHkNsOi HCl 

61 

83 

Cl 

88 

7 40 

7 33 


pyl ether 


Table II. — Esters of 2-HyDRoxyQuiNOLiziDiNE 


o 






Method 




/ Analyses 


of 

RecrystalHzed 


Empirical 

Carbon, % Hydrogen, % 

R 

Prepn 

from 

M p . °C 

Formulas 

Calcd Found Calcd. Found 


CHiO 

2 

Isopropanol, 242-243 

Ci.HuNOs HCl 

59 14 

59 32 

7 31 

7 35 

\ 


isopropyl ether (decompn ) 






CHiO— 








/ 

CHjO 








o- 

2 

Ethanol, isopro- 265-200 
pyl ether (subl ) 

CitHuNOi 

64 90 

05 17 

7 50 

7 54 


3 

Ethanol, isopro- 212 5-214 5 
pyl ether. 

Ci.HaNiOs 

01.83 

61.60 

7 40 

7.50 


acetone 


W heateti at 65 to 70° for two hours under a stream of 
j dry’ nitrogen gas. .*\fter cooling, the precipitated 
^ gt trictltylamine liydrochloridc was removed by 
filtration and the residue washed with anhydrous 
benzene (20 ml.) The combined benzene filtrate 
and washings were concentrated under moderately 
reduced pressure and the residue dissolved in 
absolute ethanol. Ethereal hydrogen chloride was 
added to the cthanolic solution until acid to p- 


Hydrion paper and the solvents removed under 
reduced pressure. The resulting glass was hardened 
by triturating with anhydrous ether and recry'stal- 
iized from a mixture of methylene chloride and ethvl 
acetate, m p. 189-190°, yield 4 6 Gm. (92% of 
theory). 

QiitnoUzidin-3-yl Dtphenylacetate Melhobromide . — 
This salt was prepared by basifying a solution of the 
above hydrochloride with ice cold potassium carbo- 



nate solution (26% w/v) The basic solution was 
extracted with ether and the ether extracts washed 
with water. After drjdng tlie extracts over anhy- 
drous sodium sulfate, the ether was removed. 
The residue was dissolved in a small amount of 
methanol and an ethereal solution of methyl bromide 
added in excess. After allowing the solution to 
stand at room temperature in a stoppered bottle 
for two days, the precipitate was removed and 
rccrystallizcd from a mixture of isopropaiiol, 
ethanol, and ether to give white crystals, m. p. 
243.5-244.5° (decompn.). 

Method 1 b. — QitinoIizidhi-1-yl 3,4,5-Trimcthoxy- 
hc/izoatc Hydrochloride . — The acid chloride prepared 
from 3,4,5,-trimethoxybenzoic acid (1.5 Gm,, 
0.00G5 mole) and thionyl chloride (5 ml.) was 
dissolved in anhydrous benzene (20 ml.) and added 
to 1-hydroxyquiuolizidine (2 Gm., 0.013 mole) 
dissolved in anhydrous benzene (20 ml.). The 
mixture was stirred and heated at 70° for eight 
hours. After cooling the reaction mixture, the 
aminoalcohol hydrochloride (1.3 Gm.) was removed 
by fdtration and washed with anhydrous benzene. 
The benzene was removed from the filtrate under 
partially reduced pressure and the residue dissolved 
in a mixture of benzene and ether. The solution 
was washed with water and dried over anhydrous 
potassium carbonate. Ethereal hydrogen chloride 
was then added to the dried solution and the 


precipitate rccrvstallizcd from a mixture of iso- 
propanol and isopropyl ether. This yielded 1-3 
Gm. of light brown crx’stals, m. p. 200-209°. 6 
second crop of crystals that precipitated from the 
acidulated benzene-ether mixture proved to be 
3,4,5-trimcthoxvbenzoic anhvdride, m. p. IbO- 
102° [reported, 100-161° (26)]. 

Method 2. — Qiiinolizidin-S-yl Benzoate Hydro- 
chloride . — In a 200-nd. tlirec-necked flask equipped 
with ,an efficient stirrer, reflux condenser, Dean- 
Stark water separator, and a drying tube were 
placed Skcllysolvc C (40 ml.), 2 -hydroxyquinolizi- 
dinc (2 Gm.), and methyl benzoate (1.8 Gm)- 
The mixture was stirred and heated to reflux and a 
catalytic amount of sodium hydride paste was 
added. The reaction mixture was then refluxed 
for fifteen hours and allowed to cool. Ether 
(30 ml.) was added, followed by water (20 ml ), 
and the mixture stirred. The contents were then- 
transferred to a separator}- funnel and the aqueous 
phase removed and discarded. The etlier-Skel- 
lysolve C solution was washed with water (four 
20-ml. portions) and dried over anhydrous potassium 
carbonate. The solution was filtered and ethereal 
hydrogen chloride added to the filtrate. The 
product was collected on a Buchner funnel ana 
washed with isopropyl ether. After drying, the 
product weighed 3.2 Gm. (84% of theory) and was 
readily recr}’stallized from isopropanol or a mixture 
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Table IV. — Antispasmodic Testing" 







Banum 




Acetylcholine 

Histamine 

Chloride 

Serotonin 

Compound 

Part 

Comp 

Part 

Comp 

Part 

Comp 

Part 

Comp 

Quinolizidin-l-yl diphenyl acetate hydrochloride 

100 

500 

25 

500 

250 

600 

25 

500 

Quinolizidin-l-yl diphenyl acetate methobroraide 

25 

100 

100 


600 


100 


Quinolizidin-l-yl xanthene-9-carboxylate hydro- 









chloride 

25 

500 

100 

500 

600 


25 

500 

Quinolizidin-l-yl xanthene-9-carbo.\j'late metlio- 









bromide 


5 

500 


100 


500 


QuinoIizidin-3-y! diphenyl acetate hydrochloride 

250 


250 


250 



25 

Quinoiizidin-3-y! diphenyl acetate methobromide 

1 

10 

25 


260 


25 


QuinoIizidin-3-yI xanthene-9-carbo\ylate hydro- 









chloride 

25 

150 

100 


250 



25 

Quinolizidin-3-yI \anthene-9-carboxylate metho- 









bromide 

5 

25 





25 


Quinolizidin-3-yl phenylcyclohexj'lacetate hy'dro- 









chloride 

500 

1000 

600 


260 


25 

1000 

Methantheline bromide 

5 

1 







Papaverine hydrochloride 





1000 





o See text for explanation of values 


Table V — ^Local Anesthetic Activity 

Anesthetic 


Compounds (as Hydrochlorides) Ratio® 

'? ’ .’acetate 1 01 

. ‘-O-carboxylate 2 42 

■J . ■. ;'.ietho\y benzoate 0 12 

■; ■, ■■■ 054 

' xbamate 0 86 

netho\ybenzoate 0 21 

1 72 

rbaraate 0 40 

acetate 2 38 

_Quinolizidin-3-yl xanthene-9-carbo\ylate 3 43 

'Quinolizidm-3-yl3,4.5-trmiethoxybenzoate 0 10 

Quinolizidm-3-yl benzoate 0 36 

Quinotizidin-3-ylphenyIcarbaraate 0 32 

QuinoIizidin-3-yl phenylcyclohexylacetate 0 69 

Piperocaine(dl-(2-methylpiperidino)- 
propyl benzoate) 1 00 


® See text for explanation of values 


of ethanol and isopropyl ether, m p 265-266° 
(subl ) 

Method 3. — Qiiuiolizidiri-S-yl Phctsykarbamate 
Hydrochloride — 3-Hydro\yquinohzidine (11 Gm ) 
and phenyhsocyanate (1 ml ) were placed m an 
Erlenmeyer flask, protected with a drying tube, and 
heated on a steam bath for five minutes The 
solid whicli formed upon cooling was washed with 
anhydrous ether and dissolved in hot ethanol 
The solution was allowed to cool and ethereal 
hydrogen chloride added The precipitate was 
rcciystallized from absolute ethanol to yield 1 4 
Gm (70% of theory') of product, m p 243 5- 
244 5°. A mixture of isopropanol and ethanol also 
provided a suitable recry'stallizmg medium. 


Pharmacological Testing 

Antispasmodic. — Aqueous solutions of all mate- 
rials were employ'ed for this testing The method 
consisted of initially standardizing the submaximal 
contractions of isolated guinea pig ileum to acetyl- 
choline chloride (1 7 /IOO ml ), histamine phosphate 
(5 y/100 ml ), barium chloride (2 mg /ml ), and 
serotonin creatinine sulfate (10 y/lOO ml ) The 
test material was then introduced into the bath, 
and two minutes later the ileum uas again challenged 
with the various spasmogens The numbers in the 
table represent the y/100 ml of test bath for each 
s-bstance tested necessary to prevent spasm when 
introduced into the bath two minutes before adding 
the spasmogen The values under "Part ” rep- 
resent partial inhibition and "Comp ’’ indicates 
complete inhibition The precise value was not 
determined but lies somewhere in between these 
two values The results are recorded in Table IV 

Local Anesthetic. — All of the compounds tested 
were rated against piperocaine This compound w as 
arbitrarily given a value of 1 The procedure 
used was to inject the test materials in various 
dilutions intradermally into the clipped backs of 
guinea pigs and then to determine by pm pricks the 
completeness of anesthesia over a period of thirty' 
minutes By a suitable system of sconng, a thresh- 
old anesthetic dose (dilution) of a compound 
producing an average of five anesthetic responses 
(TADs) was determined from a graph plotting dilu- 
tion on a log scale against the average number of 
anesthetic responses (failure to twitch or phonate) 
for thirty' minutes The TADs ratio was compared 
to that of the standard and furnished the basis for 
comparison of anesthetic potency Table V sum- 
marizes the results 


Table VI. — Spontaneous Motor Activity Inhibition" 


Dose, 

Compound xng /Kg 

Quinolizidin-l-yl3,4.5-trimethox}'benzoate 
hydrochloride 10 

Quinolizidin-3-yl 3,4,5-trimetho\ybenzoate 
hydrochloride 50 

Rcserpine 10 

Chlorpromazine 1 


Number of 

Mean % of 

Standard 

Rats 

Initial Activity 

Del latton 

6 

46 8 

11.0 

6 

28.3 

15.9 

6 

2.1 

2.3 

6 

34.6 

10.3 


See text for further explanation 
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Spontaneous Motor Activity. — -Tlie tests were 
conducted on fein.ile albino rats in activity cages 
known :is Acloiiliotonicters (Metro Industries) 
The rats, si\ to a grout), were iilaced individually 
in the .activity cages and a Iwo-liour count was 
ni.ide to establish control values for siiontaneous 
motor activity The test coiniiounds, dissolved in 
nornial s.iline, were adiniiiistered intraiieritoneally 
and the annuals rciil.iced in the .ictivity cages 
The two-hour exiicrinieiit.il count was begun thirty 
ininiites after injection of the compounds The 
results are recorded in Table \'I 
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A Study of Certain 
Analgetic- Antipyretic Compounds* 

By LAWRENCE C. WEAVER and BENEDICT E. ABREU 


Two new compounds, fv-phenyl-a-(2-piperi- 
dino-cthyl)-/3-ethyl-butyric acid nitrile and 
I - phenyl - 2,3 - dimethyl - d - (phenyl- 
methyl - morpholino) - methyl - pyrazolone- 
(5), have been studied by various procedures. 
These compounds showed no analgetic ac- 
tivity by a thermal method in mice, weak 
analgetic actisity as indicated by blockade of 
irritant-induced writhing in mice, good anti- 
pyretic activity in rats, and no antigranuloma- 
tous activity in rats. 


T he discovery of therapeutically useful com- 
pounds wliicli influence acute or chronic 
inflammatory conditions, and possess a strong 
analgetic effect as well, is one of the main goals 
of pharmacologic research. Analgetic and anti- 
phlogistic activity has been reported for 1 -phenyl- 
2, 3 - dimethyl - 4 - (plienyl - methyl - morpho- 
lino)-metliyI-pyra7olone-(5)* by Hengen and co- 
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workers (1), and for a-phcnyl-a-( 2 -piperidino- 
cthyl)/3-ethyI-biityric acid nitrile’ by Kasparek 
and Pfroepffer (2). These compounds have been 
compared with several established compounds 
and the results arc presented herein. 


METHODS 


Tile compound of Hengen (1) was administered 
in the form of its salts, e g , as the hydrochloride 
(R-445-H) or as the gentisic acid salt (R-445-G), 
the compound of Kasparek (2) wtis used as the 
hydrochloride (R-154) These code designations 
will be used throughout this report. Other com- 
pounds tested are shown in the results. Male albino 
mice of the Swiss- Webster strain, male albino rats 
of the Harlan-Wistar strain, and adult mon^el 
dogs, unsclectcd as to se.\', were used in these studies 
Animals had access to feed and water e.\cept during 
the period of testing. Ail drugs were given either 
as aqueous solutions or as suspensions in 1% 
cules gum- solution. 

Analgetic Experiments. — A thermal method was 
used for determining analgetic activity in mice (d) 
All drugs for analgetic testing were administerc 
intragastrically (i g ) except for morphine sulfate 




'Cellulose gum— CMC— 120 high viscosity, Hercules 
Powder Co 
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and normorphinc hydrochloride which were given 
by the intraperitoneal (i, p.) route. Controls of 
distilled water (i. p.) and morphine were always run 
simultaneously with test compounds. Six animals 
were used at each dosage level tested. The ability 
of drugs to block hydrochloric acid-induced writhing 
in mice was also determined (4, 6). Simultaneous 
controls with hydrochloric acid are considered neces- 
sary for this procedure. 

Anti-inflammatory Experiments. — Tests for anti- 
granuloraatous activity were performed in 50-day- 
old male rats (6). The drugs were administered i. g. 
daily for seven days to rats previously implanted 
with four cotton pellets each. Autopsy was per- 
formed on the day following the last day of adminis- 
tration, the pellets were removed, extraneous tissue 
trimmed off, and pellets dried and weighed. The 
amount of granulation tissue formed ivas taken as 
the difference between the initial and final weight of 
the dried pellet. Drug effect on rat body weight 
as well as on granuloma weights was measured. 

Antipyretic Experiments. — The effect of com- 
pounds given i. g on normal body temperature and 
yeast-induced fever (7) was evaluated in rats. For 
temperature determinations, thermistor probes^ 
were inserted rectally into male rats confined in wire 
mesh tubes. Tivo control temperature readings at 
thirty-minute intervals were made prior to drug in- 
jection and served as controls for each group of four 
animals; saline controls were run simultaneously. 
Temperature readings were made at hourly intervals. 
For experiments using fevered rats, control readings 
were taken prior to yeast injection (3 cc. of a 15% 

. brewers yeast suspension in saline subcutaneously) 
and again prior to drug administration. The tem- 
perature of the room was maintained at 24 ± 1". 

Additional Experiments. — The ability of these 
compounds to block supramaximal electroshock 
seizures (M. E. S, test) and metrazol threshold 
seizures (Met. test) was determined in mice (8). 
Acute toxicity in mice was determined by the i. g. 
route. Groups of 10 mice were used at each dosage 
level in the determination of the LDso. The LDm 
and 95% confidence limits were determined by the 
method of Litchfield and Wilcoxon (9). Limited 
toxicity data were obtained in dogs following i. v. and 
i. g. administration. 

RESULTS 

The results of analgetic study in mice are pre- 
sented in Fig. 1 and in Table I. Several compounds 
in nontoxic doses caused a significant {P < 0.05) 
lengthening of the reaction time of mice to a thermal 
stimulus. These compounds in order of potency 
were morphine > dihydrocodeinone > normor- 
phine. Methylmelubrin, aminopyrine, R-445, and 
R-154 produced no significant increase. These last 
two compounds failed to alter significantly the anal- 
getic activity of morphine sulfate. 

Several compounds blocked irritant-induced 
writhing in mice (Table II); acetylsalicylic acid was 
the most potent. Both of the new compounds 
showed weak activity although some toxicity was 
observed at the more effective doses. 

Phenylbutazone,'' but not R-445 or R-154, reduced 


* Vellow SpriTjps Instrument Co. 

* rhenylbutarone (Butaiolidin) was suiijtlicd by Dr. J. 
Marrus, Geisy Fharmncculicals, 'Vonkers. N. V. 



Fig. 1. — Analgetic activity' of compounds in mice. 
-AH agents produced reaction times significantly 
greater (P <0.05) than in the controls. The curves 
for control and morphine represent an average of 
five experiments. 



Fig. 2. — Effect of compounds on the normal body 
temperature of rats. Each point represents the 
average change in rectal temperature of eight rats. 


the granuloma weight in rats (Table III), In fact, 
the latter two compounds produced a considerable 
increase in granuloma weight. 

Both test compounds produced a considerable 
decrease in normal body temperature of rats (Fig. 
2); in additional studies at one-half these doses, 
only' R-154 produced a significant lowering of nor- 
mal body temperature. Phenylbutazone and ace- 
ty'Isalicylic acid were not effective at the doses 
tested. Both test compounds and phenylbutazone 
were effective in lowering the recta! temperature of 
rats fevered with yeast (Fig. 3), 

R-154 in doses of 100 and 200 mg./Kg. i. g. showed 
no anticonvulsant effect. R-445-H and R-445-G 
were ineffective against metrazo! tlircshold seizures; 
both compounds showed some protection at 200 mg./ 
Kg. i. g. against supramaximal electroshock seizures. 
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Taulu I — Analoitic Activitv in Micl as Di'Ti'KMiMii) uy A Thermal Method 





Ucspfjiisc Time of mice, 

•lec 



Dose 

., 

— - 

-'Iimc after Dniir. min 

— 

CoitlpOlltKl 

niK /Ki’ 

0 

ao 

00 

00 

120 

Control 


3 70 

3 8.3 

.3 37 

.3 49 

4 10 

Morphnic SOj 

10 

4 35 

9 75 

0 79 

5 .34 

4 39 

Methyhnclubrin 

;j()0 

3 .53 

4 52 

4 83 

4 03 

4 30 

Aininopyrinc 

100 

3 GO 

‘1 32 

4 29 

4 .33 

3 70 

Control 


3 3.5 

.3 45 

4 89 

3 93 

3 48 

Morphine SO 4 

10 

2 0.3 

10 15 

0 47 

5 29 

3 80 

R-154 

100 

.3 21 

•1 0.3 

.3 5.3 

4 18 

3 57 

R-445-ir 

.50 

4 21 

.3 7.5 

4 08 

4 55 

4 53 

Control 


3 01 

2 9.3 

,3 20 

3 09 

3 78 

Morphine SOj 

10 

.3 91 

8 91 

0 . 5.3 

4 01 

3 88 

Morphine SO< 

5 

.3 4.3 

5 ,53 

.5 10 

4 53 

4 13 

Normoriihiiie IICI 

10 

.3 35 

5 2.5 

0 .33 

.5 19 

4 43 

R-154 

.50 

.3 4,8 

3 90 

4 01 

4 33 

3 11 

R-445-G 

100 

3 75 

.3 01 

4 53 

3 40 

3 96 

Control 


.3 .50 

.3 SO 

.3 87 

.3 98 

3 92 

Morphine SO) 

10 

7o 

10 40 

0 03 

5 73 

4 14 

Morphine SO) 

T) 

,3 .32 

5 IS 

1 4.3 

4 20 

3 43 

Morphine SO) 

5 






R-151 

100 

.3 91 

5 10 

3 73 

4 27 

4 04 

Morphine SO) 

5 






R-445-H 

.50 

.3 17 

1 .80 

4 1.3 

3 88 

3 04 

Morphine SO) 

5 






R-445-G 

100 

.3 02 

.3 02 

4 1.3 

3 00 

3 31 



Taiii.l II 

- lliocKADE or Irritaxt-Kducld Writhing 


Dcisc 


^Ch dtencinK 'I imc mm — > 


DriiR 

IIIK K), 

Routt 

.10 

(»0 

120 

RemarlwS 

HCl control 


1 i> 

Vio" 

■V-0 



Phenvlbut.irone 

100 

1 g 


V,0 



Phcnvlbutarone 

200 

1 g 


VlO 



R-445-1I 

.50 

1 g 


Vio 



R-445-H 

100 

1 g 


V. 

VlO 

2 Mice died at 1 hour 

R-445-G 

.50 

1 g 


'V-0 

VlO 

Depression at 2 hours 

R-1.54 

50 

• g 


VlO 



R-151 

100 

1 g 

VlO 

VlO 

Vio 

Depression at 1 and 2 hours 

HCl control 

10 

> p 


“/o- 



Acetvlsalicylic acid 

100 

I g 

V. 




Acctylsahcvlic .icid 

200 

1 g 

“A 




Acetyls.ihc) he acid 

400 

i g 

VlO 




AiitipjTinc 

200 

s c 

VlO 



Marked depression 

Salicylamide 

200 

i g 

)/. 




Salicylate Na 

200 

c 

Vs 




a Number of mice ^sritliin^j/numbcr tested 






Table III — 

-Drug Eefect on Granuloma Weights in Rats 







— Grinuloma Weights ;;;;; ■ 


Dose 

I3od\ Wciclits Gm 

Wet. 


"r Drj , % 

'1 reatment 

mg 

Initial 

Tinnl 

mjr 


Difference mg UifTereu«-e 

Controls 


170 

210 

70 0 


97 

Phenylbutazone 

150 

170 

209 

70 2 


- 8 3 7 1 -26 8 

R-445-H 

125 

174 

204 

SO 5 


4-12 9 12 0 4-23 1 

R-445-G 

125 

175 

206 

S3 5 


4- 9 0 10 9 4-12 3 

R-154 

150 

174 

206 

85 0 


4-11 0 11 6 4-19 6 


However, these hitter closes were cvithiii the to\ic 
range. 

The i g LDioS (mg /Kg ) and 95% confidence 
limits in mice were R-154, 700 (63G3— 770 0), 
R-445-H, 200 (203 1-332 8), and R-415-G, 300 
(270 3-333 0) Toxic signs ccere those previously 
reported (1, 2) In one dog, R-154 at 16 rag /Kg 
i V. produeed apprehension, clonic convulsions, and 
atexin, duration of toxic signs uas about thirty 


minutes Thirtv-tno mg /Kg i v (3 dogs) witlim 
niiiet}’ seconds produced opisthotonos and clonic 
conx’ulsions lasting about fix’e minutes, followed bj 
occasional jerking, shaking, and ataxia for about one 
hour The dogs then became sleepy and arousa 
eras quite difficult, this condition was maintained 
for more than one hour At 04 mg /Kg i ' ( 
dogs) a tonic e.xtensor convulsion occurred , 

bv the above-mentioned signs Three dogs die 
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Fig. 3. — Antipyretic activity in rats. Each point 
represents the average change in rectal temperature 
of four rats. 

within three minutes. At 96 mg. /Kg. i. v. (1 dog) 
death occurred during a tonic e.\tensor convulsion. 
R-445-H at 150 mg./Kg. i. g. produced emesis in 
dogs within ten minutes with no other toxic signs. 
R-445-G, 64 mg./Kg. i. g. (1 dog) produced onl3' 
retching, and at 16 and 32 mg./Kg. i. p. ( 1 dog each) 
produced no toxicity. However, at 64 mg./Kg. 
i. p. (1 dog) emesis, clonic convulsions, opisthotonos, 
rigidity in front legs, involuntary jerks, and horizon- 
tally maintained ears were observed; toxic signs 
lasted about one hour. 

DISCUSSION 

Hengen and co-workers (1) reported analgetic 
action for R-445, aminopyrinc, phenacetin, and 
salicylic acid amide, utilizing the analgetic test 
method of Wolff-Hardy. These investigators found 
R-445 to be two to three times as potent as amino- 
pyrine. Similarly, Kasparek and Pfroepffer (2) 
found R-154 to be two to three times more analgetic 
lhan aminopyrine when evaluated b}^ the method of 
electrical stimulation at the roots of the tails of 
mice. Furthermore, these latter investigators (2) 
showed that R-154 potentiated morphine analgesia. 
In the present studies, no significant analgetic effect 
was noted for aminopjwine, R-445, or R-154 by the 
thermal method. Furthermore, R-154 or R-445 
failed to enhance the analgetic properties of mor- 
phine. It would appear that the differences might 
well be explained b}' the relative sensitivities of the 
various analgetic test methods used. The method 
used here appears satisfactorj^ for analgetics more 
potent than aminopyrine or acetjdsalicjdic acid. We 
have also found acetjdsalicylic acid to be quite in- 
effective when this thermal method for analgetic 
testing is used. Additional evidence to support the 
explanation of differences of results ma>' be inferred 
bj' tlie results obtained in the writhing experiment. 
The well-known weaker analgetics, R-154, R-445, 
and phenj'lbutazone all showed some activitj-; 
acctylsalicj'lic acid was the best. Eckhardt (5) 
and others have observed similar effects as well as 
activitj’ for the "inorphine-tj’pe” analgetic. The 


fact that R-154 failed to alter electroshock seizure 
patterns of mice at a dose twice that used in the 
analgetic studies eliminates threshold elevation as a 
possible explanation of the analgetic seen. 

Neither R-445 nor R-154 was effective in reducing 
granuloma weights in the cotton pellet implantation 
method in rats. On the contrarj^, thej' produced 
an increase in granuloma weight comparable in 
amount to the decrease produced bj' the effective 
compound phenj-lbutazone. Hengen, cl al. (1), 
compared the abilitj- of R-445 and phenj’lbutazone 
to prevent edema produced bj’ dextran injection into 
the rat paw. These investigators found R-445 to be 
twice as effective as phenj’lbutazone bj’ this method. 
The reason for the increase in the granuloma weights 
in our experiments has not been elucidated. How- 
ever, similar effects have been reported for Com- 
pound S (10). 

Both compounds proved to be quite effective in 
controlling fever as well as in lowering normal bodj’ 
temperature. 

Considering published results and the data pre- 
sented herein, it would appear that R-154 and R-445 
possess (a) weak analgetic activitj’, (b) good anti- 
pyretic activity, and (c) possibly anti-inflammatory 
activitj’ depending on the test used. Furthermore, 
the results suggest that anj’ one test maj’ not be suf- 
ficient for evaluating analgetic and anti-inflamma- 
torj’ properties. 

SUMMARY 

1 - Phenyl - 2,3 - dimethyl - 4 - (phenyl -methyl- 
morphoHno) - methyl - pyrazolone - (5) and 
a - phenyl - a - (2 - piperidino - ethyl) - 13 - ethyl - 
butyric acid nitrile have been compared with 
known compounds with the following results: 

1. No analgetic activity using a thermal 
method in mice; no enhancement of morphine 
analgesia; analgetic activity as indicated by 
blockade of irritant-induced w’rithing in mice. 

2. No antigranulomatous activity in rats. 

3. Good antipyretic activity in fevered rats; 
lowering of body temperature in normal rats. 

A possible explanation is presented for the lack 
of correlation of these data w’ith prexnously pub- 
lished results. 
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Paper Chromatography of Some Certified Dyes* 

By F. J. BANDELINf and J. V. TUSCHHOFFJ 


Paper chromatography utilizing a single solvent system may be used to separate 
and identify the majority of a selected group of 20 commonly used certified dyes. 
Several of these dyes have similar R/ values and require other solvent systems. Color 
reactions for the identification and corroboration of the various dye spots are given 
and methods for their elution from the paper strip and quantitative determination 
are discussed. The method, where applicable, is rapid, requiring four to six hours 
for development of the chromatogram. Five- to fifty-microgram quantities of dyes 
can be separated and spots containing as little as 5 meg. of dye can be readily de- 
tected with the eye. 


^ I 'he usi: or certified dyc.s as coloring agents in 
pliarinaccutical iireparations often (iresenls 
problems of separation, isolation, and identifica- 
tion in the analytical control laboratory. Dyes 
arc itsccl either alone or in mixtures to produce a 
variety of hues and shades, not only’ for esthetic 
appeal in itroducts, but also for purposes of iden- 
tification and clifTcrentiation in liciuid, solid, and 
semisolid products, in solutions, syrups, oint- 
ments, creams, tablets, and capsules. 

Of the 117' colorants on the certifiable lists of 
the United .Stales, o.'l are pigments and (i.'l are 
water- or solvcnt-.soluble dyes. .Since the separa- 
tion of all dyes is of more theoretical than prac- 
tical interest we have limited our investigation to 
20 water-soluble dyes most commonly used in 
pharmaceutical formulations. Tliis list of dyes 
corresponds reasonaltly well ^vith the inventory 
of certified dyes for pharmaceuticals recommended 
by Pcacock(l). 

Tildcn (2, 3) has reported on the pajier chroma- 
tography of dyes using multiple solvents for 
developing the chromatograms of various dyes. 
^\^c have experimented with various soh’ent sys- 
tems attempting to develop a single solvent which 
might be applied as a rapid, simplified method for 
the separation and identification of the 20 dyes 
considered in this investigation. Methods of 
isolation and identification arc also given. 


EXPERIMENTAL 


Materials Required. — Filter paper, Whatman 
No. 1 for paper chromatograpliy, 45 cm. X 3 cm. 
strips. 

Developing Solution.— An aqueous solution pre- 
p,ared by adding 2 ml. of 28% ammonium hydroxide 
and 2 ml. of isobutanol to suiricient distilled water 
to make 100 ml. Amj’l alcohol C. P. 

Dye Solutions.— One per cent solutions of the 
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following certified dyc.s: FD&C Orange No. 1, 
DftC Orange No. 3 ,'d&C Orange No. 4, FD&C 
Yellow .\t). 1, FD&C Yellow No. 5, FD&C Yellow 
No. G, FD&C Green No. 1, FD&C Green No. 2, 
FD&C Green .No. 3, D&C Green No. 5, FD&C 
Blue No. 1, FD&C Bine No. 2, D&C Blue No. 4, 
FD&C Red .No. I, FD&C Red No. 2, FD&C Red 
No. 3, FD&C Red No. 4, D&C Black No. 1, D&C 
Brown No 1, FD&C Violet No. 1. 

Procedure.— To determine the R/ values of the 
iiulivitlual (lyes iintlcr consideration, the standard 
dye solution is spotted on the starting line, a point 
13 cm. from the lower end of the paper strip. At 
the midpoint on this line, a spot of dye solution, 
about 0..'5 cm. in diameter is applied by means of a 
class capillary containing the solution. 

The solution is transferred to the paper by 
merely touching the end of the (xipillary and is 
absorbed into the paper. About 8 cm. below the 
starting line two slits. 1 cm. apart and parallel to 
the major axis, are cut in tlic paper. These slits 
are of suflicient length to form a loop in which may 
be inserted a piece of glass rod 3 cm. in length. 
Thus weighted, the strips are suspended in a large 
glass jar either by fastening to the under side of the 
cover with Scotch tape or any other appropriate 
method so that the strips hang perpendicularly 
without touching the .sides of the jar or each other, 
and so that the weighted end is immersed tothee.x- 
tent of about 3 cm. into tlic solvent which travels 
vertically, by capillary action, through the paptf 
to form ascending chromatograms. The jar is 
tightly closed and sealed, and after a sufficient 
length of time has elapsed (usually four to si.x hoius) 
to permit the development of the chromatogram, the 
strips are removed, the solvent front marked with a 
pencil, and the strip air-dried. The various dye 
spots arc noted and the R/ values calculated as 
follows : 

_ Distance traversed by the dye zone ^ 

^ Distance transversed by the solvent front 


APPLICATION 

In phannaceutic.'il preparations where a mixture 
of dyes is suspected, these dyes may be extracted 
from aqueous solutions with ji-arayl alcohol 
acidifying the solution with hydrochloric acid. 
The following procedure may be used for the deter- 
mination of the individual dyes in a dye mixture 
used for sugar-coated tablets. 


302 



May 1960 


Scientific Edition 


303 


Method for Sugar-Coated Tablets. — A number of 
sugar-coated tablets, usually from 5 to 20, depend- 
ing upon the size, are placed in a 125-ml Erlen- 
mever flask contaiiuiig 25 ml of water The 
f contents arc swirled with a rotary motion until all 
of the colored sugar coating is dissolved The 
solution IS then decanted from the tablets into a 
' 50 ml volumetric flask through a small ftiniiel 

intli Whatman No 1 filter paper The volume is 
made up to 50 ml by the addition of water through 
tlic filter The solution or a suitable aliquot is trans- 
ferred to a 125 ml separatory funnel and 2 ml of 
concentrated h^droclllorlC acid added for every 
5 ml of solution The solution is then extracted 
ivith two 5 ml portions of « amvl alcohol This 
extracts the dyes and serves to concentrate them in 
a smaller volume Should further concentration be 
required, the amjl alcohol may be extracted with 
tivo 2 5 ml portions of 2% ammonium hjdroxide 
solution, then to the combined ammonium hj droxide 
extracts 2 ml of concentrated hydrochloric acid 
are added and the dye again extracted, this time 
with two 1-ml portions of amyl alcohol 
Using the technique previously described the 
amyl alcohol solution of the dj e(s) is spotted on the 
paper strip with a capillar3 , the spot is dried in a 
warm air blast, and the chromatograni developed 
wnth aqueous ammoma-isobutanol solution and air- 
dned The colored spots are noted and the Rr 
values calculated 

Compressed Tablets and Powders. — Dxes con- 
tained in compressed tablets or powders ma> be 
I isolated by extracting the powdered tablets or the 
powder with 2% ammonium hydroxide, acidifving 
with concentrated hj^drochloric acid, and continuing 
the extraction using «-am\ 1 alcohol as given under 
the method for sugar-coated tablets 
Liquids. — Dyes contained in aqueous liquid 
products may be isolated by acidifying the liquid 
with concentrated hydrochloric acid, 2 ml of acid 
to 5 ml of solution, and extracting the dj'C with n- 
amyl alcohol as given under the method for sugar- 
coated tablets 


DISCUSSION 

As IS apparent from Table I, dves of the same 
color group frequently have similar Rf values, 
thus making separation with the recommended 
solvent difficult By allowing a longer time for 
the chromatogram to develop, thereby having the 
spots traverse a greater distance, better resolution 
can be obtained 

FDS.C Reds No 1, 2, and 4 have similar i?/ values 
but can be separated satisfactorily by alloiving ten 
to twelve hours for development of the chromato- 
gram This longer time produces better resolution 
with discreet spots which, although close together, 
are readily discernible and identified 
/ FD&.C Blue No 1 and FD&C Green No 2 have 
I similar Rf values These may be separated using 
\ a solvent sj'stcm composed of 80 parts of phenol 
' and 20 parts of water and allowing to develop for 
twehe hours 

FDS-C Yellow No 1 and FDS.C Red No 4 may 
be separated using a solvent composed of 100 parts 
of H-butanol, 100 parts of 2% ammonium Iij droxide, 
and 50 parts of ethanol This solvent gave R / ralues 
of 0 44 and 0 20, respective!} , for these d\ es 


Table 1 — R/ Values of Certified Dyes by 
Paper Strip Chromatography" 


Dye 


Rf Value 

Orange 

FD&CNo 

1 

0 264 

D&CNo 

3 

0 771 

D&CNo 

4 

0 168 

Yellow 

FD & C No 

1 

0 465 

FD & C No 

5 

0 662 

FD S. C No 

0 

0 710 

Green 

FD & C No 

1 

0 713 

FD & C No 

2 

0 940 

FD&CNo 

3 

0 959 

D&CNo 

5 

0 615 

0 291 

Blue 

FD & C No 

D 

0 932 

FD&CNo 

2 

0 216 

D & C No 

44 

0 940 

Red 

FD & C No 

1 

0 433 

FD&CNo 

2 

0 421 

FD & C No 

3 

0 102 

FD&CNo 

4 

0 306 

Black 

D & C No 

1 

0 084 

Brow n 

D & C No 

1 

0 135 

Violet 

FD & C No 

1 

0 745 


“ Ammonia isobutanol water developer 
l> Sodium and ammonium sails respeclively, of the same 
base 


There appears to be little relationship between 
the molecular weight and the migrator} character- 
istics of these dyes The Rf values are easily 
affected by changes m solvent and temperature and 
to some extent by the amount of dve used Faster 
moving dyes show a greater variation m Rf values 
than do those with lower Rf v'alues 

Individual dyes gave discreet spots and good 
separation Although relative!} good separation 
could be obtained with 2% aqueous ammonium 
hv'droxide solution alone, the addition of 2% iso- 
butanol gave better resolution and more compact 
spots To obtain constant and reproducible Rf 
values, conditions must be standardized and verv 
close!} controlled Reference colors should be run 
in the same jar at the same time, since slight devi- 
ations m conditions cause the dve spots to become 
capricious with resultant ivide variation in R/ values 
Tvpical Rf values obtained in a number of deter- 
minations are given in Table I These Rf values 
are valid for identification onh when they are ob- 
tained under conditions identical to those under 
which thev were obtained for the reference color 
Such factors as the presence of extraneous material, 
concentration of the dve, and the presence of similar 
color and Rf values, all affect R/ v'alues As many 
as eight dv'cs can be separated successful!} on a 
single chromatogram and identified (see Fig 1) 
Separation can usuall} be carried out in four to six 
hours Confirmation of the identity of similar or 
like colors max be earned out by subjecting the 
moist strips of paper containing the dve spots to 
ammonia fumes and/or hvdrochloric acid fumes 
to develop characteristic color reactions given m 
Table 11 
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Taiile n. — C olor Keaction oe Various Dye 
Spots oe Chromatograms to Fumes oe Hvorogen 
Chloride and Ammonia 


Dye 

Orange 
FD&CNo. 1 
U & C No. 3 
1) & C No. 4 
Yellow 

FD&C No. 1 
FD &: C No. 5 
FD & C No. 0 
Green 

FD cS: C No. 1 

in4&C No. 2 

FD & C No 3 
D & C No. o 
Fine 

FD & C No. 1 
FD&C No 2 
FD&CNo 1 
Red 

104 & C No 1 
FD&C No 2 
FD & C No. 3 
D & C No. 4 
Black 

D & C No. 1 
Brown 

D & C No. 1 

Violet 

FD & C No. 1 


IICI 

Violet 

Orange 

Keel 

Pale yellow 
Darker yellow 
Reddish 

Pale Vellowisli- 
orange 

Pale yellowish- 
orange 
Orange 
I’ale green 

Yellow 
Darker green 
Pale yellow 

Slightly paler 
Slightly darker 
Orange yellow 
Darker red 

Blnish-green 

Reddish-brown 


Yellow 


Kill 

Dark Red 
Yellow-orange 
Dark orange 

No change 
No change 
No change 

Decolorized 

Decolorized 

Bine 

Pale bine 

No ehange 
Blnish-green 
No change 

No ehange 
N<i change 
No change 
Orange-yellow 

Bine 

Vcllowish- 

brown 

Decolorized 


The most positive identification is by reference to 
.spectromctric curves. For the latter, dyes can be 
eluted from the paper with oO'J ethanol containing 
0.5% of sodium acetate after cutting out the section 
of paper containing the spot, macerating it in a 
centrifuge tube, centrifuging, and reading the clear, 
supernatant liquid. Spcctrometric curves plotted 
on solutions can be compared with standard refer- 
ence curves for these dyes (4). 

From 5 to 50 meg. of the dye can be easily sepa- 
rated with the 5-incg. spot producing sufilcicnt color 
to be detectable by the eye. 

SUMMARY 

The separation and identification of 20 com- 
monly used certified dyes can be achieved, with 
few c.xceptions, through paper chromatography 
using a single solvent system composed of 
2 per cent aqueous ammonium hydroxide solution 
containing 2 per cent isobutanol. Because of 
discrepancies of the R/ values obtained for the 
dyes due to variation of conditions and techniques 
during development of the chromatogram, Ry 
values alone cannot be relied upon for positive 
identification of the d3’e. For this reason, 
confirming colorimetric tests and spcctrometric 
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Fig. 1. — Position of spots given by various dyes; 
reading from the top of the strip down. 


Strip .No. 1; FD&C Blue No. 1, D&C Orange 
No 3, FD&C Yellow No. 5, FD&C Yellow No. I, 
FD&C Red No. 4, FD&C Blue No. 2, D&C Orange 
No 4. FD&C Ited No. 3. 

Strip .No. 2: FD&C Blue No. 1, D&C Orange No. 
3, FD&C Yellow No. 5, FD&C Red No. 1, FD&C 
Red No 4, D&C Orange No. 4. 

Strip No 3: D&C Orange No. 3, FD&C Yellow 
No 5. FD&C Yellow No. 1, D&C Orange No. 4. 

Strip No. 4: FD&C Blue No. I, FD&C Red No. 
2. FD&C Red No. 3. 

Strip No. 5: FD&C Red No. 1, FD&C Red No. 4, 
D&C Brown No. 1, D&C Black No. 1. 

Strip .No. 0: FD&C Violet No. 1, FD&C Red No. 
2, FD&C Red No. 3. 

Strip No. 7: D&C Orange No. 3, FD&C Red No. 
2, FD&C Orange .No. 1, D&C Orange No. 4, FD&C 
Red No. ,3. 

Strip No. 8; FD&C Green No. 2, FD&C Green 
No. 1. 


reference curves are relied upon for definite 
identification. 

Methods for the extraction and concentration 
of the dj'es from certain pharmaceutical dosage 
forms are given along with the general method 
for the chromatography of the dyes. 
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Adsorption of Lipid-Soluble Substances by 
Human Keratin* 

. By DALE E. WURSTER and ROBERT E. DEMPSKI 


The adsorption of various lipid-soluble alco- 
hols, esters, acids, and mixtures from »;-hep- 
tane solutions on columns composed of pow- 
dered, excised, human callous tissue was in- 
vestigated. Experimental evidence indicates 
that unsaturated and 2-hydroxy fatty acids 
were adsorbed. Infrared analysis substan- 
tiated the selective adsorption of acids from 
mixtures composed of human skin lipids and 
wool fat acids. 

TViTANY LIPID-SOLUBLE SUBSTANCES are com- 
monty applied to the surface of human 
skin in the form of phannaceutical and cosmetic 
preparations. Natural human skin lipids, of 
course, are also in intimate contact with the 
keratin layer of skin. Several studies have 
dealt with the adsorption of various ions by 
protein (1-4) and the composition of human skin 
lipids has also been extensively investigated 
(5, 6). However, little information is available 
regarding the possible adsorption of the compo- 
nents of skin lipids or other lipid-soluble sub- 
stances by human keratin. 

This investigation was, therefore, initiated in 
an attempt to determine whether keratin would 
adsorb certain pure acids, alcohols, and esters 
and whether selective adsorption would occur 
from lipid-soluble mixtures such as skin lipids, 
Lantrol, and wool fat acids. 

EXPERIMENTAL 

Procedure. — Excised human callous tissue' which 
had not been treated with chemical agents prior to 
removal was used as a source of keratin. Although 
certain differences in composition may exist between 
callous tissue and the normal keratin layer of the 
skin, callous tissue was the only type that could be 
obtained in adequate amounts for this study. The 
keratin ivas dried for four daj's over concentrated 
sulfuric acid and then reduced to a powder in a 
wedgewood mortar. The powder was fractionated 
by passing it through standard 100-, 140-, and 
200-mesh sieves. The skin lipids were then com- 
pletely removed from the powder by continuous ex- 
traction with anhydrous reagent grade ether for 
forty-eight hours at room temperature. Since no 
heat was employed in the e.xtraction procedure, one 
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pound of ether was used to extract each 2.0-Gm. 
sample of keratin. 

The density of the extracted keratin was found 
to be 1.10 by the pycnometer method using etlier 
as the displacing fluid. The average particle diam- 
eter of the collected fractions was determined with a 
Fisher sub-siev'C sizer (model 14-312) using 0.65, 
0.60, and 0.55 porosities. 

A known weight of powdered keratin was slurried 
in purified K-heptanc and placed in an adsorption 
column having a 12-mm. diameter and 3S-cm. length. 
Solutions containing various lipid-soluble acids, 
alcohols, esters, and mixtures in purified H-heptane 
were passed through the columns at the rate of 1 
mt. per five minutes. Following this, n-heptane 
was passed through the column until only the pure 
solvent was obtained. 

The amount of adsorbed material was found from 
the difference between the total amount of material 
placed on the column and the weight of unadsorbed 
material. The adsorbed material was eluted from 
the column with anhydrous ether and subjected to 
infrared analysis on a Beckman I. R.-5. 

In the case where the adsorption columns con- 
tained hydrated keratin, the desiccated keratin was 
first e.\posed to an atmosphere saturated with water 
vapor in a closed vessel at room temperature for 
one to four days. Samples containing 22 to 46% 
water were thus obtained. Adsorption studies on 
the hydrated keratin were then carried out according 
to the previously described procedure. However, 
it was also necessary to run a blank in this case as a 
small amount of water-soluble material (0, 1-0.3 
rag. per 5-ml. fraction), which may have been free 
amino acids (7), was removed from the column. 

RESULTS AND DISCUSSION 

Table I shows the various substances which were 
tested for adsorption on columns composed of botli 
dehydrated and hydrated keratin. As indicated, 
of the substances tested, only unsaturated (linoleic 
and linolenic) and hydroxy (2-hydroxystearic) 
fatty acids and a fraction of the wool fat acids and 
skin lipids were adsorbed. In an initiai stud 3 ', oleic 
acid appeared to adsorb weakly on keratin; how- 
ever, this could not be substantiated in subsequent 
tests. Konc of the lipid-soluble esters, alcohols, or 
Lantrol components appeared to be adsorbed. 

After elution of the adsorbed fatty acids with ether 
the keratin was again capable of adsorbing these 
acids. However, particle size measurements on this 
reprocessed keratin showed an increased average 
diameter which was probably due to aggregation of 
the fine powder. 

Linoleic, Linolenic, and 2-Hydroxysfearic Acids. — 

In Table II it can be observed that 2-hy(iroXy.stcaric 
acid was more strong!}' bound th.'iti linolenic, and 
the latter was bound more strongly than linoleic./-^ 
The adsorption of certain aromatic hydroxy ac' 
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Tahle I — Adsorption of Various Lipid-Soludle 
S unsTANCEs ON Dliiydrated and Hydrated 
Kpratin" 



Dch>clratc(l 

Hydrated 

Test SlthsLincc 

Keratin 

Ker.ilinl» 

Cholesterol 

— 

-.30 

Stc.iryl alcohol 

— 

-31 

Ricmolevl alcohol 

— 


Cholcstcryl p.ilmitatc 

— 

-26 

Tristc.arm 

— 

-32 

Wool fat acids 

+ 

+.30 

Stearic acitl 

— 

-36 

Palmitic acid 

— 

-28 

Oleic acid 

— 

— 22 

Lnioleic .acid 

+ 

+26 

Linolenic acid 

+ 

+3.'. 

2-Hydro\'j stc.inc .icid 

+ 

+.30 

L.mtrol 

— 

-46 

Human skin hpids 

+ 

+27 


+, ndsorption, — , adsorpliun 
Per cent w iter present 


on «ooI protc'iii was prcvioiislj rojiortcd In nradlcv 
and Easly (3) but no mention of tlie adsorption of 
the above fatty .icids on btiinan keratin was found 
ill the literature 

Hydrated Keratin. — Since liunian keratin iior- 
ninlly contains water, the effect of livdr.ition of the 
keratin on adsorption was .dso studied In tins 
case 2-Iivdro\j stearic .icid winch w is the most 
strongly adsorbed acid investigated was emploved 
I'lgurc 1 IS a plot of the nig of .icid adsorbed per 
Gm of keratin (.iver.ige p.irticlc diameter 4 3 /i) 
versus the amount of w.iter per Gm of drv keratin 
after hjdr.ition From these data it appe.irs th.it 
hydration of the keratin causes .in mcrc.asc m the 
amount of the acid adsorbed Tins uicre.isc m.iv 
possibly be c\plamcd on the basis of the unfolding 
of the protein molecule following hvdration which 
may then expose more function.il groups 

Human Skin Lipids. — The human skin hpids 
used in this work were obtained by the method 
described by Tmgstad, Wurstcr, and Higuchi (8) 
According to Wheatley (.5) skin lipids contain 28/c. 
free fatty acids consisting manilv of stearic, olcic, 
and palmitic acids and smaller amounts of Inioleir, 
hnolenic, and others 

The adsorption data for human skin hpids .arc 
given in Table II The concentration (46 3 mg /lO 
ml ) used in these determinations represented the 



Fig 1 — Eflect of keratin h\ dration on the adsorption 
of 2-hv drow stearic acid 



wavi length i.n microns 
Fig 2 — Infr.ircd spectrum of skin lipid adsorbate ^ 



2 1 450789 1 *' 

wavelength in microns 
Fig 3 — Infrared spectrum of whole skin hpids 


Table II — Adsorption Data tor Various Fatty Acids and Human Skin Lipids on 

Keratin 


Test 

Substance 

Linolcic acid 
Linolenic acid 
2-Hydroxystearic acid 
Human skin lipids 


Wt of Keratin 

A\ 

Diameter of 

Conen of 

M Heptane 

Column, Gm 

Keratin, 

Solution 

8 32 

5 05 

48 4 mg /lO ml 

10 29 

19 5 

48 4 mg /lO ml 

11 91 

22 9 

48 4 mg /lO ml 

7 81 

5 1 

42 mg /lO ml 

9 80 

20 1 

42 mg /lO ml 

11 71 

23 2 

42 mg /lO ml 

6 92 

5 85 

8 9 mg /1 5 ml 

9 06 

23 3 

8 9 mg /15 ml 

11 33 

26 8 

8 9 mg /15 ml 

5 94 

6 1 

43 3 mg /10 ml 

7 97 

23 7 

43 3 mg /10 ml 

10 61 

27 0 

43 3 mg /lO ml 


Dehydrated 


mg Adsorbed 

per Gtn of 
Keratin 

0 42 
0 41 
0 36 
0 50 
0 56 
0 42 
0 88 
0 60 
0 52 
0 37 
0 34 
0 31 


May 1960 


Scientific Edition 


307 



MG PER ML OF SOLN 

Fig 4. — Effect of solution concentration and ad- 
sorbent particle size on the adsorption of wool fat 
acids 



WAVELENGTH IN MICRONS 
Fig 5 — Infrared spectrum of wool fat acids 
adsorbate 



Fig 0 — Infrared spectrum of 2-hydro\ystearic acid- 

«-heptane-soluble fraction from 62.9 mg. of whole 
skin lipids To conhrra the identity of the material 
adsorbed on the keratin column an infrared spec- 
trum was obtained (Fig 2). For comparison, a 
spectrum of whole skin lipids is shown in Fig 3 
The 5 7 M peak is charaeteristic of esters and the 
one at 5 8 is characteristie of acids Thus, the 
5S u peak indicates that the skin lipid adsorbate 
is composed mainly of acids. 

Wool Fat Acids. — mixture of wool fat acids 
was used to determine both the effect of x'arying the 


concentration of the acids in the «-heptane solution 
and the effect of the particle size of the keratin on 
the amount of acid adsorbed According to Weit- 
kamp (9), wool fat contains 32 acidic components. 
These were classified as normal fatty acids, 2-hy- 
droxy acids, iso acids, and anteiso acids Horn 
(10) reported that 2-hydroxy acids represent 27 8% 
of the wool fat acid mixture. In Table III it can be 


Table III — Adsorption Data for Wool Fat 
Acids on Dehydrated Keratin 


Conen of 

Av 

mg 


« Heptane 

Diameter 

Adsorbed 

% Of 

Solutions, 

of Keratin 

per Gm of 

Total Acids 

mg /5 ml 

Powder, n 

Keratin 

Adsorbed 

4 7 

4 2 

0 35 

14 9 

9 8 

4 2 

0 9 

18 4 

14 0 

4 2 

1 55 

22 2 

18 6 

4 2 

1 9 

20 5 

20 9 

4 2 

1 8 

17 2 

27 2 

4 2 

2 4 

17 6 

5 0 

18 6 

0 55 

22 0 

9 9 

18 6 

1 0 

20 2 

14 1 

18 6 

1 45 

20 6 

IS 9 

18 6 

1 75 

IS 5 

21 2 

18 6 

1 7 

16 0 

27 4 

18 6 

1 95 

14 2 

4 8 

22 4 

0 4 

16 7 

10 3 

22 4 

1 26 

24 3 

14 1 

22.4 

1 2 

17 0 

IS 4 

22 4 

1 65 

17 9 

21 2 

22 4 

1 6 

14.1 

27 4 

22 4 

1 85 

13 5 


observed that the keratin adsorbed from 13.5 to 
24 3% of the acid mixture placed on the column. 

Figure 4 shows that the amount of material ad- 
sorbed increased as the concentration of the «- 
heptane solutions increased, and adsorption de- 
creased as the particle size of the adsorbent in- 
creased, as would be expected. Colvin (4), working 
with other adsorbates and adsorbent protein mate- 
rials, obtained similar plots • 

In Fig. 5 it can be observed that the infrared 
spectrum is almost identical to the spectrum ob- 
tained with 2-hydroxystearic acid (Fig. 6). Of 
particular interest is the absorption in the 2.8 m re- 
gion which represents the hydroxyl group and 
which is present in both eases. 
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Yellow Phenolphthalein 11* 


By MAX H. HUBACHER 


Two of the by-products formed in the com- 
mercial synthesis of yellow phenolphthalein 
have been isolated and tentatively character- 
ized. Degradation studies have provided 
subsequent compounds which have been 
shown to be identical with authentic samples 
prepared by direct synthesis. Additional 
evidence is presented through evaluation of 
data from infrared spectroscopy. 

'VT'ei.low PiiENoi.PHTiULiiiN is a widely used 
laxative, manufactured by condensing phenol 
with phthalie anhydride. It is of yellow color, 
contains at least 'J4 per cent phenolphthalein and 
several other compounds that have been isolated 
and identified (1). 

Two other coftipottfids IraTC also been tsofaCed 
from yellow phenolphthalein, each in amounts of 
less than 0.1 per cent, one melting at 2.50° (V) 
and the other at 251° (X). Comiiound V has 
been briefly described previously (1). Much ex- 
perimental information has been collected on the 
two compounds. Even though their structural 
formulas have not been definitely established, it 
is felt that the infonnation collected so far should 
be recorded. Circumstances prevent a continu- 
ation of this work. 

Comiiound V, CjiMioOr,, has two lactone groups 
and one OH-group, and melts at 250°. On re- 
duction of V, a dicarboxylic acid (\M) is fonned. 
All of this has already been reported in the first 
paper on j-ellow phcii,olphthalcin. Now, a mono- 
benzo)'l derivative of V has also been made. 
When the dicarboxjdic acid Vd was decarbo.xyl- 
ated and the resulting oil distilled with zinc dust, 
a well-defined compound (VI), CigHmO, melting 
at 120°, was obtained. This colorless compound 
is neither soluble in dilute aqueous alkalies nor in 
concentrated sulfuric acid. Spectroscopic exam- 
ination of VI suggests it to be a derivative of 
9-phenyl- or 9-benzylxanthene. It was found to 
be identical with 2-benzyl-9-phcnylxanthene, the 
synthesis of which is described. 

The fonnation of 2-benzyl-9-phenylxanthene 
gives support to the formula suggested for V. 
The carbon skeleton of this xanthene derivative 
VI can also be detected in V. It is admitted 
that structural evidence obtained by zinc dust 
distillation must always be evaluated with cau- 
tion, but in the phthalide field, this reduction 

* Received June 11, 1050, from the Research Laboratory 
nf Fx-Lax Inc., Brooklj’^n 17, N. Y. • * i 

The author wishes to acknowledge the experimental 
assistance of Dougins Curtin. 


method has been helpful in structure evaluatio 

( 2 ). 

Compound X melts at 2.52-255°, has the prob- 
able empirical formula of C 3 iH; 207 , and contains 
one mole more water than V. Neither the acetyl- 
nor the methylether could be obtained in erj's- 
talliiic form. However, the determination of 
active hydrogen suggests that X has three OH- 
groups. The new compound forms solvate ciys- 
tals with various solvents. The one with two 
moles of acetic acid was studied especially. 
Compound X dissolves in dilute aqueous alkalies 
with the same pink color as phenolphthalein. 

On KOH fusion of X, phenol, benzoic acid, 
and p-hydroxybcnzoic acid were obtained. The 
pink color of an alkaline solution of X fades very" 
slowly (.3), and f)-(/)-hydro.xybenzoyl)-benzoicacid 
could be isolated. Wdien X was subjected to the 
Dakin reaction, i. c., treatment with alkaline 
hydrogen peroxide (3), tlien phthalie acid, hydro- 
cpiinonc, and 3-(/)-hydroxyphenyl)-3-(»i,/'-dihy- 
droxyphcnyl) -phthalide (XI), also named phenol- 
catcohol-phthalcin, were obtained. The forma- 
tion of XI is evidence that phenolphthalein is part 
of the molecule of X, and that it is substituted 
in or//;o-position to one of its hydroxyl groups. 
Wnicn X is reduced, a dicarboxylic acid XII is 
formed, proof that X has two lactone groups. 

The following tentative structural formulas are 
given for V and X: 
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The fomula for V suggests that this compound 
may be synthesized from o-(/)-hydroxybenzoyl)- 
benzoic acid and fluoran; compound X from the 
same aied and phenolphthalein. It should be 
remembered that the o-(^-hydroxybenzoyl)ben- 
zoic acid is an intermediate in the formation of 
phenolphthalein from phenol and phthalic anhy- 
dride (4). 

Some 2 -h 5 »droxyanthraquinone could be iso- 
lated from yellow phenolphthalein, but only in 
quantities of less than 0.01 per cent. This small 
amount of this yellow compound is not responsible 
for the main yellow color of yellow phenolphtha- 
lein. The yellow compound or compounds mainly 
responsible for the yellow color of yellow phenol- 
phthalein have not been isolated. They seem to 
be quite elusive. 

EXPERIMENTAL! 

Isolation of the compounds. — The isolation of 
compounds from yellow phenolphthalein was done 
essentially as described on page 264 of the first 
paper (1). The brownish, amorphous residue, which 
was left after no more crystals could be obtained, 
was dissolved in absolute ether. The yellowish- 
brown solution, showing greenish fluorescence, was 
passed through a Tswett column, 4 X 80 cm. 
inside dimensions, filled with Florisil ( 100/200 mesh, 
Floridin Co., Tallahassee, Florida). The first 
percolates contained phenolphthalein and iso- 
phenolphthalein or 3-(o-hydroxyphenyl)-3-(f’-hy- 
droxyphenyl)phthalide. Then came percolates 
with compound V, and finally percolates with X in 
them. The pink layer of the ether-washed column, 
on extraction with ethanol, usually yielded addi- 
tional small quantities of X. 

Separation on the column is not sharp and some- 
times, crystal mixtures of V and X are obtained. 
Separation of such mixtures is easily effected since 
only compound X is soluble in 0.1 N sodium hy- 
droxide. 

Benzoylderivative of V. — warming 0,20 Gm. 
of V, 0,24 ml. pyridine, and 0.15 ml. benzoylchloride, 
and recrystallizing the crude benzoylderivative 
several times from ethanol, very fine needles ar- 
ranged in warts and melting at 207.1-209.8'’ were 
obtained. 

Ana;.— Calcd. for C«Hj,Ori C, 78.34; H, 3.82; 
one benzoyl 16.7. Found; C, 78.56; H, 4.11; 
benzoyl 16.8 ± 1.9. 

Compound VI. — Compound V was reduced to 
dicarboxylic acid Vd, and the latter decarboxylated 
to the oily compound, as described on page 265 
of the first paper fl). 

The oil obtained by decarboxylation of 1.7 Gm. 
of Vd, rvas mixed with 5 Gm. of ZnCl;, 1.0 Gra. 
NaCl, and 3.0 Gm. of zinc dust (5) and the mixture 
gradually heated in an atmosphere of hs'drogen 
to 260°. A yellowish, fluorescent oil condensed on 
the cold part of the tube. This oil slowly crystal- 
lized. This new compound, after several crystal- 

! A.U meUing points are corrected. Molecular weights 
were determined by Ibe Signer method, as described by Clark, 
E. V., U,i. Eng. chem.. Anal. Ed., 13, 820(1941). 


lizations from ethanol and sublimation at 120° 
and 10 ft pressure, formed colorless cry.stals melting 
at 125.8-126.5° (VI). It is insoluble in both 1 N 
sodium hydroxide and concentrated sulfuric acid. 

Anal.—CaXcA. for CjeH.oO: C. 89.62; H, 5.78 
mol. wt. 348, Found; C, 89.36 ± 0.26; H, 5.79 ± 
0.14; mol. wt. 351; 316(Rast). 

A mixture of this compound VI with 2-benzyl-9- 
phenyixanthene (m. p. 126.0-126 5°) melted at 
126.0-126.6°. 

Compound X. — The compound crystallizes from 
acetic acid (1 Gm. in 18 ml.) in fine needles which 
give off acetic acid around 135° with effervescence, 
then melt at 252.2-254.4° (X). A mixture of X with 
phenolphthalein (m. p. 261°) melts at 225-235°. 
These crj'stals from acetic acid dried first at 25°, 
then to 150° in vacuum, lose 17.4 ± 0.7% in weight, 
and the liquid coming off is acetic acid (Calcd. 
for CsrHioO, X 2 CHjCOOH; 18 1%). 

Anal, of crystals obtained from acetic acid and 
dried at 25°. — Calcd. for CsjHjjO; X 2 CHjCOOH; 
C, 68.88; H, 4.53. Found; C, 69.17 ± 0.87; 
H, 4.67 ±0.14. 

Anal, crystals, after drying at 150° in vacuo . — 
Calcd. for C 5 ,HmO,; C, 76.27; H, 4.06; mol. wt. 
£42; three H, 0.65, Found; C. 75.55 ± 0.32; H. 
4.46 ± 0.12; mol. wt. 583 ± 63; active H, 0.46. 

These analytical figures also check with the 
empirical formulas CijHnOi and CuKaOi- 

Compound X also can be recrystallized from ace- 
tone, forming rectangular crystals containing sol- 
vate acetone. It dissolves in 0.1 N sodium hy- 
droxide with the same pink color as phenolphthalein 
in the same concentration. 

When a solution of 0.1 Gm. of X in 0.5 ml, 5 N 
sodium hydroxide is heated in a sealed glass tube 
for twenty-four hours to 100°, most of X is re- 
covered unchanged. 

When 0.4 Gm. of X was added to 6 Gm. molten 
KOH at 230-235° and the melt stirred for five min- 
utes, then phenol, benzoic acid, and /)-hydroxy- 
benzoic acid were obtained. 

The red solution made up from 1.0 Gm. of X 
in 6.6 ml. 0.2 N sodium hydroxide was kept for 
four months in an atmosphere of oxygen at room 
temperature. The brownish solution was then 
found to contain o-(/>-hj'droxybenzoyl)-benzoic 
acid. 

To a solution of 1.0 Gm, of X in 14 ml. sodium 
hydroxide, 2.0 ml. 30% hydrogen peroxide was 
added. The temperature went up slowly to a maxi- 
mum of 47°, the color changed to a bluish-red, and 
a precipitate formed. The solution was saturated 
with COi, The water-soluble phenol consisted of 
31 rag. hydroquinone. The water -insoluble brown 
phenol (0,33 Gm.) was acetylated and the acetyl- 
derivative recrystalKzed several times from ethanol; 
it melted at 149-151° (XI b) and the melting point 
was not depressed when mixed with the triacetyl- 
dcrivative of 3-(/)-hydro.xyphenyl)-3-(«J,/)-dihy- 
droxyphenyI)-phthalide of m. p. 154.5-155.6°. 
Kin (6) gives an m. p. of 148° for this triacylderiva- 
tive. XI b on hydrolysis in 1 N sodium hydroxide 
j-ields a bluish solution, of the same shade as that 
of an alkaline phenol-catechol-phthalein. 

Some phthalic acid was isolated also. 

X reacts vrith acetic anhydride, but the acetyl- 
derivative could not be made to crystallize; neither 
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could the gumnn nictlnl-ellicr be obtained cnslal- 
Iine 

Dicarboxylic Acid XII — A mixture of 1 0 Gni 
of X, 20 nil SQ'/i acclic acid, and I 0 Gm /me (30 
mesh) was refluxed When all the /me hid dis 
sohed, an addition d 1 0 Gm /me was added The 
solution was poured into water and the guimiij 
precipitate became bird It w is cr\stalh/ed from 
20% ethanol This diearboxjhc acid melts at 
258 9-259 8° (decompii ) 

Alia ! — Calcd for Ci)ff->r07 C, 74 72, If, 4 79, 
mol wt 510 I'onnd C, 7115, H, 5 10, mol 
wt 510, neut eqnn 280 


Sjnthesis of 2-Benzyl-9-phenyl\anthene 


o-(/)-BenzyIphenoxy)benzoic Acid. — The bluish 
solution of 15 0 Gm (0 1 mole) of o ehlorobcii/oic 
acid‘(ni p 1,58 5-140 0°), 18 4 Gm (0 1 mole) of 
4-lndrox>dipheiijlniethane (m p 79-80°), 0 2 
Gm CuCl 111 100 ml 2 of sodium iiiethxlate was 
heated on an oil b itli First, the meth.niol dis- 
tilled off The temperature was r.nsed gradu.illj 
to 200° (oil bull) and kept for one hour at that 
temperature The crude acid, after one crxst.illi- 
zation from 41% elh mol (1 Gm m .52 ml ) weighed 
22 4-21 4 Gm (xield 73-80%) and melted .u 138- 
139° 


Bx subliming this acid at 135° and 8 p pressure. 
It IS obtained as white crjstals, mcltiiig <U 1418- 
142 2° Its solution iii coneenlratcd sulfuric acid 
IS colorless but becomes bluish fluorescent on heat- 
ing 

Atial — Calcd for C-oIIicOi C, 78 94, If, 5 20, 
mol wt 304 hound C, 79 25 II, 5 41, mol 
wt 291, neut eqtiiv 301 

The /)-toluididc, purified In cr\ stalhz itions from 
ethanol, melted at 1 19 2-121 3° 

/Inn/— C.alcd for C-iH.iXjO C. 82 41, H, 
5 89, N, 3 50 Found C, 82 71, H, 5 70, X, 
3 38 


The 2-naphth\ 1 iinidc of this acid, crxstallized 
from ethanol, melted at 100 1-101 3° 

/Inn/ —Calcd for CjoIFjXO. C, 83 89, H. 5 39, 
N, 3 20 Found C. 83 81, H. 5 14. N, 3 42 
2-Benzyl-9-xanthenone — A solution of 30 0 
Gm of o-(/) bcnzjlphcnox} )benzoic acid, 80 ml 
of acetyl chloride, and 0 5 ml of concentrated sul- 
furic acid (7) was heated to a final temperature of 
95°, distilling off HCl .md excess acctjl chloride 
On adding water to the cooled solution, the xanthc- 
none crystallized out It xxas dissolved in 800 ml 
ethanol at reflux temperature and then half of the 
solvent was distilled off The vield was 26 0 Gm 
(92%), m p 132-134° The same compound is 
formed w hen heating the o arv loxy benzoic acid 
with a mixture of acetic anhydride and a small 
amount of concentrated sulfuric acid 

By sublimation at 130° and 8 pressure, and sub 
sequent crystallization of the white sublimate from 
ethanol (1 Gm in 25 ml), the pure 2 benzyl-9- 
xanthenone is obtained as colorless needles, melting 
at 135 4-136 1° It is soluble m benzene, but only 
slightly in ether Its solution in concentrated sul- 
furic acid IS yellow , w ith intense bluish fluorescence 

under ultraviolet light 

Anal — Calcd for C-qHhOj C, 83 89, H, 4 92 
Found* C, 84 33, H, 4 /9 


2-BenzyI-9-hydroxy-9-phenylxanthene (I) — ' 

Grignard reagent (100% excess) made from 1 
Gm magnesium, 15 7 Gm bromobenzene, and 
ml ether was added to a solution of 14 3 Gm 
beiizy 1-9 xaiithenone m 120 ml benzene at 7 
The mixture was refluxed for one hour After ci 
iiig and the addition of water, the solvent 1 
steamed out The remaining brownish-yellon 
solidified (18 8 Gm , m p 100-112°) 

For purification, 1 Gm is dissolved in a mixt 
of 8 ml acetic acid and 2 ml 3 N hy drochloric ai 
and water added to the yellow filtrate The 
droplets will solidify on warming (m p F 
120°) The hydrol may also be crystallized 
.uldiiig 3 ml petroleum ether to a solution of 1 G 
III 2 ml benzene 

The pure compound (I) melts at 118-121° 
solution m concentrated sulfuric acid is of stre 
yellow color with green fluorescence It dissol 
111 coiiccntr.itcd hydrochloric acid as well as in 8; 
phosphoric acid with reddish orange color but ni 
out fluorescence 

Anal — Calcd for C»cH-oO- C, 85 71, H, 5< 
Found C, 85 36, H,5 04 
2-Benzyl-9-ethoxy-9-phenylxantliene. — When 
solution of 6 Gm of I m 100 ml of ethanol is reflux 
a short time, needles form on coohng Thi 
melt at 80 7-81 7° Their solution m concentrat 
sulfuric acid is yellow with green fluorescence 
Anal — Calcd for C-jH.iO" C, 85 66, H, 61 
Found C, 85 11, H, 6. 30 
2-Benzyl-9-phenylxanthene. — A mixture of 
Gm of livdrol I, 30 Gm sodium formate, and 
iiil 99% formic acid (8) was refluxed for one hi 
hour The crvst.ilhne mass, obtained after t 
.iddition of water, was dissolved m 600 ml ethani 
After evaporation of 450 ml ethanol from tl 
filtrate, erv stals formed These were then sublimi 
at 120-125° and 6 #1 pressure The white crvsU 
line sublimate (7 07 Gm . vield 74%) melted 1 
122-125° 

Pure 2-benzv 1-9 phenv Ixanthenc, obtained i 
colorless erv stals bv further crystallization fro 
ethanol (1 Gm m 55 ml ) melted at 126 2-126 9 
It IS insoluble m concentrated sulfunc acid at 2o 
/l;ia(— Calcd for C-sH-oO C. 89 62, H, 5 7 
Found C, 89 36, H, 5 67 


Infrared Spectroscopy 

The infrared spectra were evaluated by Dr 1 
Katlafsky of Monsanto Chemical Co , St Loui 
24, Mo 

Compound V. — -An overall similaritv exists be 
tween phthahdes and compound V, phenolphthalei 
having the closest, and fluoran the second bes 
resemblance to V Ortho and para substitution i 
found on the pheny 1 ring The dilactone structur 
is substantiated, one carbonyl coinciding with th 
one of phenolphthalem and the other with th 
fluoran carbonyd In the 3 p section of compouni 
V, there is a single free hydroxyl 

Compound VI. — A study of the infrared spectrum 
of compound of m p 125° show s that it is either an 
aryl ether or an unsaturated ether of the structure 
— 0=C — O — C — such as occurs m xanthene The 
strong bands at 13 2 and 14 4 indicate that ortho- 
disubstituted and -monosubstituted aromatic nuclei 
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are present. The absence of an absorption band 
at 3.5 of equal or greater intensity to the aromatic 
C — H band at 3.3 indicates that no CH. or CHs 
groups are present. The spectrum of VI resembles, 
in many respects, that of 9-phenylxanthene or 9- 
benzjdxanthenc. 

Compound X. — The infrared spectrum shows a 
weak band at 11 m^t which is absent in the spectrum 
of phenolphthalein and of isophenolphthalein. 
Since we are dealing mth aromatic nuclei, this band 
could be interpreted as the vibration of one isolated 
ring hydrogen atom situated between substituents. 
The band for the vibration of such an isolated ring 
hydrogen atom in 1,2,4 and 1,3,5 trisubstituted 
and 1,2,3,5 and 1,2,4, 5 tetrasubstituted aromatic 


nuclei is expected to be weak. The spectrum also 
slrows that the ortho disubstituted aromatic band 
at 13.2 increases in intensity with respect to its 
counterpart in the spectrum of phenolphthalein. 
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Dosage Schedule and Pharmacokinetics 
in Chemotherapy* 


By EKKEHARD KRUGER-THIEMER 


The relationships between the chemothera- 
^utical dosage schedule (supporting dose 
D, ratio of initial to supporting dose D*^D, 
dosing interval t) and the pharmacokinetical 
constants ki, k^, and Vi, the adsorption con- 
stants a and and the minimum inhibition 
concentration n of the bacteriostatic drug, 
are formulated. 


Fn the chemotherapy with sulfanilamides and 
*■ other bacteriostatic drugs, a therapeutically 
jffective minimum concentration of the drug 
in the blood plasma should be reached as soon as 
possible and maintained for the duration of the 
therapy by applying a dosage schedule consisting 
of an initial dose D'*' and several lower supporting 
doses D, repeated with dosing intervals r. In 
this paper, the functional relationships between 
the dosage schedule and the plasma concentra- 
tion c, influenced by the pharmacokinetics, the 
adsorption by the plasma proteins, and the 
bacteriostatic activity of the drug, are described. 
In the following equations there will be used the 
terms (units in parentheses) : t, time after first 
drug administration (It); t, dosing intenml (/;); 
D/G, relative supporting dose (mg./Kg.); G, 
body weight of patient (Kg.); D+/D, dose ratio 


* Received 


Kulo'ie* \ 

Th« 

niUcr. Ji..* 
Hans ( ■: 


August 20. 1959, from the Tuberkulosefor- 
lorstel bei Bad Oldesloe, Holstein, 
Germany. 

of Advisory Council of the Tuber- 
■: r ■ ■ October 31, 1959. 

■ '• 1'!. Paul Bunger and Werner 

■■■/.• Hecker, Berlin, and Prof 

'!..;;’land, for critical discussions. 


(mg./mg.); h, rate constant of invasion (/i~'). 
fe, rate constant of elimination fso, time 

of half elimination (/;) = Va, relative 

volume of distribution (ml./Gm.); a, drug con- 
centration in plasma ultrafiltrate at half satura- 
tion of adsorption (|umol./L) ; /3, maximal specific 
adsorption by plasma proteins (gmol./Gm.); 
c plasma concentration of the drug (gmol./L); 
Co, extrapolated (fictive) initial concentration 
in the plasma (ijmol./L) : c„, last measured value 
of concentration in the plasma (gmol./L); c', 
concentration of freely dissolved drug in plasma 
water (gmol./L); M, molecular weight of drug 
(Gm./mol.); tv, ratio of volume of plasma water 
to volume of whole plasma: p, concentration of 
proteins in blood plasma (Gm./L) ; g, minimum 
inhibition concentration against the infecting 
bacteria in a liquid medium free from antago- 
nists (fimol./L); tr, proportionality constant in 
Eq. 1. 

The following five assumptions are made: (a) 
According to Davis (1), the bacteriostatic ac- 
tivity of the drug in the blood depends on the 
concentration c' of the freely dissolved (ultra- 
filtrable) drug in the plasma water: this concen- 
tration c'miB necessary for effective therapy 
should be proportional to the minimum inhibition 
concentration fi 


lin = VJJl 


(Eq. 1) . 
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where o- depends on the bacteriostatic, degenera- 
tive, or bactericidal character of the drug action 
and on the content of antagonists in body fluids. 
A rational method for the determination of <r 
does not exist; <t may be approximately ob- 
tained by comparison of clinical experience with 
bacteriological results. 

(6) According to Witzgall (2) after reaching 
the equilibrium of distribution there will be equal 
concentrations c'l of freely dissolved drug in the 
plasma water and in the water of all parts of the 
body, into which the drug may permeate. 

c' = f/ = c/ = c/ = . . . (Eq. 2) 


D 

G 


M' 


1000 


^.(w -1- 

00 V 


(■ - !)• 


a 

(1 — 








(Eq.8) 


can be derived. Equation 7 is consistent within 
the range of doses having constant values of 
I'd (sec Eq. o). For intravenous application 
with /;i — *• CO , the equations of the dosage sched- 
ule arc 


£1 = I 

D 1 — c-*>- 


(Eq. 9) 


and 


Therefore the conditions of drug action arc equal 
in these parts of the body. 

(c) The adsorption of the drug by plasma pro- 
teins is described by the adsorption isotherm of 
Langmuir (3), i. e., by the following relationship 
between the concentration c in the plasma and 
the concentration c' in the plasma ultrafiltrate of 
the bacteriostatic form of the drug 

(d) The tiine-iilasma concentration relation- 
ship is described with sufficient accuracy accord- 
ing to Dost (4) by the equation 




(e) According to Dost (4) and Boxer, ct al. (5), 
the fictive initial concentration c<, is a function 
of D. The ratio of these two terms is called 
volume of distribution and, after division by the 
body weight G, relative volume of distribution Va 


V = £ 1000 
c/G-M 


(Eq. 5) 


In the usually applied range of doses of several 
sulfanilaniidcs Va is found to be a constant (G). 

Dost (4) has given equations for the accumula- 
tion of a drug applied in several equal doses D 
at constant intervals r. Earlier approaches to 
this problem were made by Widmark and Tand- 
berg (7), by Bo.xer, et al. (5), and by Druckrey 
and Kupfmuller (8). From Dost’s equation for 
the lower limit of accumulation 



and from the above mentioned five assumptions 
the following equations for the dose ratio with 
cxtravasal application 


D+ _ L 

D (1 — c-*u)-(l — c-'*''') 


(Eq. 7) 


and for the relative supporting dose D/G 


D 

G 


jl/' (T'fl 

lOOO" 



p-p 

a -p cr-fi 



- 1 ) 

(Eq. 10) 


The equations for continuous intravenous in- 
fusion result from Eqs. 7 and 8 by ki and 
r — ► 0 with D/I being the infusion rate 


£1 ~L 

D/t h 


(Eq. 11) 


G-t 


M • a‘ [1 
1000 ^ 



-P (Eq.l2) 

a -p a-n/ 


The values of ki, k;, Va, a and ft which are 
necessary for the calculation of D'^/D and D/G, 
may be obtained from any complete time-plasma 
concentration curv'e determined after a single 
dose D of the drug within the supposed thera- 
peutically effective dose range, and from two (or 
better, more) estimates of the plasma ultrafil- 
trate concentration c' in relation to the plasma 
concentration c over a concentration range of 
1 to 10. ki is equal to the negative slope of the 
descending straight part of the time-log« c curve 
[Dost (4), Bo.xer, el al. (5), Swintosky, elal. (9)]. 
For the calculation of Va from Eq. 5 and of .h 
from Eq. 4, the value of Co corresponding to the 
applied relative dose D/G must be determined. 
For this purpose, a relationship, recentlj' found 
by Dost (10), may be used ivhich connects the 
area F between the time-plasma concentration 
curve and the abscissa axis with c„ and fe 


F = J''° c-dt = I" (Eq- 13) 

This follows from Eq. 4 by integration. If> ^t 
the end of the experiment (t = t„), the ordinate 
c„ is not negligible, the integration of the cun'e 
from 0 to In does not yield the whole integral of 
Eq. 13. As the deficient part of the area equals 
Cn/ki in good approximation, Co may be calculated 
from the equation. 

r>n , , 

Co = ki- J C-dl -t Cn 


(Eq. 14) 



May 1960 


Scientific Edition 


313 


the integral in which may be obtained plani- 
metrically or by calculation using the formula of 
sums of trapezes. ki may be gained from Eq. 4 
by series evolution for ‘ , whereby three 

approximations may be calculated, explicitly, 
the first and second of which are 

c 


(Eq. 16) 

It is of interest, that the influence of it, which is 
quite variable at peroral application, on Eqs. 7 
and 8 is small. Therefore, in most cases, the 
first approximation (Eq. 15) calculated with that 
one of the first measured values, which gives the 
greatest value of c/(, is sufficient. The two con- 
stants of adsorption a and ^ may be calculated 
from many pairs of values using trans- 

formed Eq. 3 with Gauss’ method of least squares 
of errors; in the graph of the straight line, a is 
given by the negative intercept with the ordinate 
axis and /3 is given by the slope of the line (ab- 
scissa = p/[{c/c') — w] and ordinate = c'). 

Before D'^/D and D/G can be calculated, a 
suitable value of r has to be selected. For 
clinical convenience, only proper fractions of 
twenty-four hours should be taken. From an 
investigation of many sulfanilamide derivatives 
(6), it may be mentioned that D'^/D in the clinic 
is often taken as 2 0. In most of these cases, r 
nearly equals the time of half elimination /». 
This relation which was found empirically follows 
also from Eq. 7 for r = /so, and a great value of 
h. Therefore, it may be stated that the suitable 
value of the dosing interval r should be near to 
the value of the time of half elimination /» of the 
drug; in this case, the dose ratio D^/D nearly 
equals 2.0. Only the relative supporting dose 
D/G remains to be calculated numerically from 
Eq. 8. Nomograms for these calculations will be 
published elsewhere (11). For the calculation of 
D/G, the value of v is necessary. As already 
mentioned, an independent method for the de- 
termination of a is not available By comparison 
of clinically used and calculated relative support- 
ing doses D/G s. value of cr = 2 was found for 
Escherichia coli and several sulfanilamide deriva- 
tives (11). 

The upper limit of the relative supporting dose 
D/G is given as the toxicity of the drug. Cur- 
rent definitions of the chronic toxicity do not take 


into consideration the pharmacokinetics of the 
drug, so that it seems to be necessar)^ to define a 
new criterion of chronic toxicity: Dosis susti- 
nentis tolerata 95 per cent (DSTjs, mg./Kg.) is 
defined as the supporting dose of a dosage sched- 
ule (with D'*'/D = 2.0 and r = /»), which is 
tolerated without toxic symptoms by 95 per cent 
of the treated individuals ; the method for estima- 
tion of DSTss is analogous to that described by 
Wagner (12) for the dosis curativa 95 per cent 
(DCss). 

From the presented pharmacokinetical theory 
of the dosage schedule it may be concluded that a 
full description of the chemotherapeutical prop- 
erties of a drug requires at least eight values: 
the three pharamacokinetical constants ki, fe, 
and Vd; the two adsorption constants, oe and 
the minimum inhibition concentration n; the 
factor ff, and the dosis sustinentis tolerata 95% 
DSTss. These constants may achieve clinical 
significance only in association with their stand- 
ard deviations obtained from many (10 or more) 
patients or experimental animals The possi- 
bility of calculating D'^/D and D/G by Eqs. 7 to 
12 is very restricted by the difficulties of the 
estimation of a and DST95. In the author's 
opinion, the main use of these equations is to 
clarify the mathematical structure of the inter- 
relationships between the properties and the 
therapeutical effect of a drug, w'hereby the num- 
ber of the biological constants necessary for the 
description of these interrelationships is deter- 
mined. These biological constants will be useful 
in comparing various drugs with an analogous 
mode of action An application of this pharma- 
cokinetical theory of dosage schedule on new 
sulfanilamide derivatives (6) and a detailed 
description of the implications of this theory (11) 
will be published elsewhere 

REFERENCES 

(1) Davis, B D , Science, 95, 78(1942) 

(2) Witzgall, H . ArBtUche Woehsebr , 8, 643(1953) 

(3) Laagrouir, I , J Am Ghent Soc . 39, 1848(1917). 

(4) Dost, F H , **Der Blutspiegel, Kinetik der Kotizen- 
tratioDsabldufe in der Kreislaufilusi.iffkeit,'’ Geors: Thierae- 
Verlag, Leipzig, Germany, 1953, pp 41, 122, 132, 255 

(5) Boxer, G E , Jelinek, V C , Tompsett, R , DuBois, 
R . and Edison, A O , J Pharmaccl Exptl Therap , 92, 226 
(1948) 

(6) Hunger, P , Fiilir, J , Kruger-Thieraer, E., and Diller, 
W , ArznevnUlel-r orsch 10, in press 

(7) Widmark, E, and Tandberg, J, Btochem. Z., 147, 
358(1924) 

(8) Druckrey, H , and KupfmQlJer, K , "Dosis und Wirk- 
ong, BeitrSge zur theoretischen Pbarmakologie," Auiendorf, 
Wurttemberg, Germany, 1949 

/o\ T ^ Journal, 45, 395(1956); 

on, M J,, FoUz, E, L,, and Free, 

XVochsekr., 36, 655(1958). 

E., Jahresbericht Borstel, vol. 5, in 
ptess, auu Aim oensenr , in press 

(12) Wagner, W.-H . ArznetmtHeUForsch., 3, 06(1953). 


Spectrophotometric Assay for Combinations of 
Ethinyl Estradiol and Methyltestosterone"^ 

By SHELDON KLEIN, ARTHUR E. JAMES, and MURRAY M. TUCKERMAN 

The ultraviolet absorption curves of ethinyl estradiol and of methyltestosterone 
were determined in acidic and alkaline methanol. The methyltestosterone absorp- 
tion curve is independent of pH in the range studied; however the absorption of 
ethinyl estradiol is affected by changes in the pH of the solvent. Ethinyl estradiol 
has a stable absorption maximum at 28 1 m/i in acidic methanol and a stable maximum 
at 298 mg in alkaline methanol solutions greater than 0.2 N in potassium hydroxide. 

At ratios of ethinyl estradiol to methyltestosterone in the order of 6 : 1 to 1 : 4, 
simultaneous determination of the two is satisfactory. In commercial products in 
which the ratio is of the order 1 : 200 to 1 : 50o, methyltestosterone can be deter- 
mined directly, whereas acceptable results for ethinyl estradiol appear to require 

separation. 


■JV/TnTHYLTnsTOSTEiiONE has been included in 
the U S P since 1947, cllnn)-! estradiol 
since 1955 The objective of the work described 
hcreu'fth teas to develop a sittuiltaneotis assay for 
these two hormones Their structural formulas 
may be represented as shown 

CII, 


Oil 

I CsC— II 



Metli} Itestostcrorie 


For the identification and the quantitative 
analysis of ethinyl estradiol, fluorescence, colori- 
metric, ultraviolet, and infrared measurements 
have been suggested (1-5). For methyltestos- 
terone, colorimetric, ultraviolet, polarographic, 
and angular rotation measurements have been 
used (2, G-IG). 
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EXPERIMENTAL 

Absorptivity of Methyltestosterone. — Measure 
iiiLTits of U S P Reference Standard methjltes- 
tostcroiic absorption in inetbanol 1 N and 001 Am 
In drocliloric acid, and in methanol 0 1 iV, 0 3 iV, and 
1 N in potassium Iiydro\ide, shotted that the ab- 
sorption curve ttas unaffected by the pH of the sol 
vent Tlie absorption ma\imura is at 241 mp 
At this tvavclcngth, absorption follows Beer’s lair 
over the range 2 to 20 meg /ml ; £(1%, 1 cm ) = 
508 This value is not in accord ttith the U. S P 
figure of 520-540 for an ethanolic solution At 
298 in,u Beer’s law is followed in the concentration 
miige 1 to 5 mg /ml ; £(!%,! cm.) = 3 30 The 
absorption curves arc shown in Figs 1 and 2. The 
absorptivitj' values, £11%, 1 cm ) are shown m 
Tables I and II In this and subsequent ttork each 
value IS the average of tiio or more deter- 
minations 


Table I — Absorptivity or Methixtbstosterone 
IN 0 01 A’ HCI-CHsOH at 241 mp 


Conccntrutiou 
Mcthvl- 
teslosleionc, 
meg /ml 

? 00 
5 00 
10 00 
20 00 


Absorbance 
at 241 tn/j 

0 102 
0 252 

0 509 

1 020 


AbsorptiiitJ 
E ( 1 %, 1 s®' 
510 
504 

509 

510 
ee 508 


Table IT — Absorptivity of 
Methyltestosterone in 0 3 A' KOH-CHjOH at 
298 m/i 


Concentration 
hlethvl- 
testosteione, 
lug /ml 

1 00 
2 00 
5 00 


Absorbance 
at 29S mg 

0 315 

0 6G0 

1 653 


Absorptii ity 
E(l%, 1 sm) 

3 15 
3 30 
3 31 


Average 3 25 


Absorptivity of Ethinyl Estradiol. — In acid metli- 
anol the absorptivitj’ inaMmum of U S P ethinyl es 
tradiol is at 281 mu, £(1%.1 cm) = 68 6 
law is followed over the concentration range 10 5 o 
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107 meg /ml. In alkaline methanol, the absorption 
ma\imum shifts gradually from 281 mu to 298 mu 
as the concentration of potassium hydroxide is 
increased, until a stable absorption maximum is 
( reached at a concentration about 0.2 N potassium 
^ hydroxide. At potassium hydroxide concentrations 
* between 0,2 A and 1 iV the absorption maximum is 
at298 ^{1%, 1 cm.) = 00. Absorption curves 

are shown in Figs. 1 and 2. The absorptivity values 
are shown in Tables III and IV The data for the 
absorptivity of ethinyl estradiol is given at 241 
raju this being the maximum absorption of methyl- 
testosterone. 



WAVELCNOTH t«») 

Fig 1 — Absorption curves in IN HCI-CH3OH 



Table III — Absorptivity of Ethinyl Estradiol 
IN 0 01 N HCl-CHaOH AT 241 mu 


Concentration 
Ethinyl 
Estradiol, 
meg /ml 
18 8 
37 5 
75 0 


Absorbance Absorptiv jty 

at 241 mu E { 1 %, 1 cm I 


0 034 18 0 

0 0G8 18 0 

0 132 17 6 

Average 18 0 


Table IV — Absorptivity of Ethinyl Estradiol 
IN Various Alkaline AIethanol Solutions at 
298 mp; 


Solvent 

£(1%. 1 cm ) 

0 01 A KOH-CHsOH 

56 0 

0 05 A KOH-CHsOH 

86 0 

0 1 A KOH-CHjOH 

88 0 

0 2 A KOH-CHjOH 

90 2 

0 3 A KOH-CHjOH 

90 4 

0 6 A KOH-CHsOH 

90 6 


Standard Series. — A series of mixtures in chloro- 
form rvas prepared m which the ratio of the concen- 
trations of ethinyl estradiol to methyltestosterone 
was varied from 6 1 to IT Aliquots were evapo- 
rated and taken up m methanol 0 01 N m hydro- 
chloric acid and in methanol 0 3 A in potassium hy- 
droxide Another series was prepared by separately 
dissolving the hormones in methanol Aliquots of 
each solution were taken to prepare a series of mix- 
tures containing a ratio of concentrations of ethini 1 
estradiol to methyltestosterone from 1 1 to 1 5 
One aliquot of each mixture was diluted wnth meth- 
anol 0 01 AT in hydrochloric acid , a second, with 
methanol 0 3 A in potassium hydroxide 

Simultaneous Spectrophotometric Determination 
of Standards, — The absorbance of the acidic solu- 
tions was measured at 241 mu , that of the basic solu- 
tions at 298 mp, see Table V The concentrations of 
each hormone were calculated by the method of 
simultaneous equations (17) These equations 
reduce to the following forms 

concentration of ethinyl estradiol (mg /ml) = 

(51 A 558 - 0 33 A5„)/45S 

and concentration of methyltestosterone (mg /ml ) = 
Asu — 1 8 X concentration of ethinyl estradiol 
(mg /ml )/51 

A refers to the measured absorbance of the solution, 
the subscript denotes the wavelength at which the 
measurement was made All measurements were 
made in a cell wnth a path of 1 cm 
Assay of Commercial Products for Methyltes- 
tosterone. — Current pharmaceutical products con- 
taining mixtures of ethinyl estradiol and methyltes- 
tosterone in the order of 1 ; 200 to 1 • 500 w ere assayed 
for methyltestosterone w ithout separation of the hor- 
mones Aliquots of pow dered tablets equivalent to 
120 mg of testosterone were extracted with three 
successive portions of ether (U. S P ) The com- 
bined ether extracts were washed with three succes- 
sive 10-ml portions of 10% KaHCOj, followed by 
two successive 10-inl portions of 0 1 A' HCI The 
ether extract was made up to a volume of 100 ml 
with this solvent. Two-millihter portions of the 
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Tadle V — Simultaneous Assay or Known Mixtures or Ethinyl Estradiol and Metjiyltestosterone 

IN 0 01 AT IlCl-CIIaOII AND 03 N KOH-CHjOH 


Solution 

'1 hcoictical, 

Experimental 

Erior, 

Theoretical, 

-iMctnyitestostcrone — 
Experimental, 


mcK /rnl 

meg /ml 

% 

meg /ml 

meg /ml 

% 

A 

30 0 

29 9 

-0 3 

4 88 

4 57 

-6 3 

B 

45 0 

45 2 

+0 4 

9 70 

9 57 

-2 0 

C 

15 0 

15 2 

+ 1 3 

4 96 

4 92 

-0 8 

D 

15 0 

15 0 

0 0 

9 92 

9 75 

-1 7 

E 

15 0 

15 3 

+2 0 

12 2 

11 8 

-3 3 

F 

5 11 

5 04 

-1 4 

5 00 

5 00 

0 0 

G 

5 11 

5 30 

+3 7 

10 0 

9 98 

-0 2 

H 

5 11 

5 15 

+0 8 

20 0 

19 8 

-1 0 

I 

5 11 

6 76 

+ 12 7 

25 0 

24 6 

-1 6 


ether solution were cvapor.itccl to dryness The 
residue was taken up in methanol 0 1 N in IICl 
and made up to a volume of 250 ml Tlic absorb- 
ance of this solution was determined at 211 ni/i 
The mcthyltcstostcrone m mg /ml = /Im/dO 8 
Suitable volumes of liquid preparations containing 
the two hormones in the above-mentioned ratios 
were extracted with ether The combined ether 
extracts were washed with distilled water and made 
up to a volume of 100 ml with ether Two-niilli- 
litcr aliquots were evaporated to drjiiess and the 
residue taken up m 250 ml of methanol 0 1 A' m 
IICl The absorbance of the resulting solutions 
was measured at 241 mn and the incthyltestostcronc 
content calculated by the same formula used for 
tablets Typical results are show 11 in Table IT 


Table VI — Methvltcstosteronc in Commercial 
Products 



Labelled 

Expcri 

Pcvintion. 

Product 

Content 

mental 

% 

Tablets A 

10 mg /tablet 

9 0 

4 0 

Tablets B 

5 mg /tablet 

4 5 

10 0 

Liquid X 

2 5 mg /ml 

2 3 

8 0 


DISCUSSION 

The simultaneous spectrophotometric assay is 
based on the absorption of solutions m acidic and 
alkaline methanol Though the absorption curve 
of methj’ltestosteronc appears stable throughout 
the pH range investigated, the absorption curve for 
ethinyl estradiol depends upon the degree of ioni- 
zation of its phenolic group This group appears 


to be unionized m acidic methanol and to be com 
pletcly ionized m alkaline methanol greater than 
0 2 A' in potassium lij'droxidc 

Mcthyltcstosterone is calculated from the ab 
sorbance in acidic methanol in order to minimize 
interference from ethinyl estradiol. Etliinjl estra- 
diol is calculated from the absorbance in alkaline 
methanol in order to minimize interference from 
mcthj’ltcstosterone and to increase the sensitniti 
of the assay, since ethinyl estradiol has its absorption 
inaximniii at a longer wavelength and has a higher 
absorbance in alkaline methanol than in acidic 
incthanol. 
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Some Ketonic Mamiich Bases* 

By ELIZABETH D. TAYLOR and W. LEWIS NOBLES 


A group of ketonic Mannich bases, repre- 
sented by Types I and II, were synthesized 
for pharmacological evaluation. Some of 
these agents demonstrated /« vitro anti- 
tubercular and amebicidal action. 

Tntbrest has been expressed in the pharnia- 
cological action of various ketonic Mannich 
bases (1-8). The extensive literature dealing 
with this reaction has been reviewed recently by 
Reichert (9). 

Mannich and Lammering reported that d- 
piperidinopropiophenone hydrochloride possessed 
local anesthetic activity (1) ; it was observed by 
others (2) that the similar amino analog from 2- 
acetylpyrrole demonstrated this same type of ac- 
tivity. It has been indicated by Levvy and 
Nisbet (3) that both the piperidino and dimethyl- 
amino Mannich bases of 2-acetylthiophene pos- 
sessed local anesthetic activity; subsequently, 
Denton and his associates (4) described the anti- 
spasmodic activity of compounds of this type and 
other closely related structures 
Burckhalter and Johnson (5) reported the anti- 
bacterial activity of certain Mannich bases de- 
rived from a,j3-unsaturated ketones We have 
previously reported analogs of some of these more 
active compounds (6). Mercier and his associ- 
ates indicated that the diethylamino Mannich 
base from acetophenone was adrenolytic, hypo- 
tensive and ganglioplegic (7), More recently, 
Issekutz and co-workers (8) reported that certain 
substituted propiophenones of this type inhibited 
nicotine tremors and convulsions in rabbits, and 
raised the lethal dose of nicotine in mice. The 
3-diethylamino compound was the most potent 
compound reported in this study; in addition to 
this type of activity, this compound inhibited 
water diuresis in rats when administered at a 
dosage level of 5 mg /lOO Gm. body w'eight. 
Several of the agents reported in this study were 
weak spasmolytic agents when tested on isolated 
rabbit and guinea pig intestinal strips. 

In vierv of this multiplicity of pharmacological 
effects elicited by these simple ketonic Mannich 
bases, we wished to prepare a number of previously 
unreported Mannich bases of Type I, especially 

’•‘Recehed August 21, 1959, from the University of 
Mississippi, School of Pharmacy, University 

This paper i\as based on a portion of a thesis submitted 
b> Mrs Elizabeth D Taylor in partial fulfillment of the 
requirements for the hlaster of Science degree in the Gradunte 
School of the University of Mississippi, August 1955 

Presented to the Scientific Action A Pit A , Cincinnati 
meeting, August 1959. 


those containing halogen substituents in view of 
the well known effect of halogen substituents in- 
creasing activity in many compounds demonstrat- 
ing these general types of pharmacological ac- 
tivity. In addition, the recent interest in the 
pharmacological activity of piperazine and its 
derivatives prompted us to prepare compounds 
of Type II, in which the amine moiety is the di- 
substituted piperazine. 


0 


R 


^^^^C-CHj-CH--NR'2HC1 


R- 


>0 


0 

II 

C-CHj-CHj-N N-CHrHCl 


II 


The preparations of compounds of Types I and 
II, which are listed in Tables I and II, was accom- 
plished by means of the Mannich reaction, which 
involved the interaction of formaldehyde or para- 
formaldehyde with the appropriate ketone and 
amine hydrochloride This reaction may be de- 
picted as follows’ 


0 

II 

C-CH, 

O 

C-CH-CH2-NR,-HC1 


-f HCHO + R,NH HCl - 


EXPERIMENTAL 

Experimental Results. — ^-Fluoroacetophcnone 
and p-iodoacetophenone uere prepared according 
to the method of Lutz ( 10) p-Chlorobenzalacetone 
was sjmthesized according to the method previousl}' 
outlined (11) The N-methylpiperazine was kindly 
supplied through the courtesy of Dr. Harold Zaiigg 
of Abbott Laboratones All the other ketones and 
amines used in this study were commercial!}' 
available. 

The Mannich reaction was carried out as pre- 
viously described (6) utilizing the two procedures 
therein alluded to depending upon tlie physical state 
in which the amine or its hydrochloride was usually 
available In general, the reactions proceeded 
smoothly to yield the expected product. It may 
be noted, however, that excellent yields arc seldom 
obtained in the Mannich reaction due to the com- 
plexity of the products obtained which m.iy be 
occasioned by by-product formation. 
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Table V. — Simultaneous Assay or Known Mixtures op Ethinyl Estradiol and Metiiyltestosterone 

IN 0 01 N HCI-CIEOH AND 0 3 A^ KOII-CH,OH 



lithinyl Estradiol 

Thcoictical, Experimental 

Error, 

Theoretical, 

- At ethyl testosterone- 
Experimental, 

Error, 

Solution 

meg /ml 

meg /ml 

% 

meg /ml 

meg /ml 

% 

A 

30 0 

29 9 

-0 3 

4 88 

4 57 

-6 3 

B 

45 0 

45 2 

-t-0 4 

9 70 

9 57 

-2 0 

C 

15 0 

15 2 

+ 1 3 

4 90 

4 92 

-0 8 

D 

15 0 

15 a 

0 0 

9 92 

9 7.5 

-1 7 

E 

15 0 

15 3 

-f-2 0 

12 2 

11.8 

-3 3 

F 

5 11 

5 04 

-1 4 

5 00 

5 00 

0 0 

G 

5 11 

5 30 

+3 7 

10 0 

9 98 

-0 2 

H 

6 11 

5 15 

-t-0 8 

20 0 

19 8 

-1 0 

J 

5 11 

5 76 

-f-12 7 

25 0 

24 6 

-1 6 


ether solution were evaporated to dri’iiess The 
residue was taken up in iiictlianol 0 1 N in 11 Cl 
and made up to a volume of 250 ml The absorb- 
ance of this solution uas determined at 241 ni/i 
The metiiyltestosterone in ing./ml = Aju/SO 8 
Suitable volumes of liquid preparations containing 
the two hormones in the above-mentioned ratios 
were extracted with ether Tlic combined ether 
extracts were washed with distilled water and made 
up to a volume of 100 ml uiih ether Two-milli- 
liter aliquots were evaporated to dryness and the 
residue taken up in 250 ml of incthanol 0 1 N in 
HCl The absorbance of the resulting solutions 
was measured at 241 tn/i and the metiiyltestosterone 
content calculated by the same formula used for 
tablets Typieal results are shou n in Table \T 


Table VI — Methyltestosterone in Commercial 
Products 


Product 

Labelled 

Content 

Expert 

mental 

Deviation, 

% 

Tablets A 

10 mg /tablet 

9 0 

4 0 

Tablets B 

5 mg /tablet 

4 5 

10 0 

Liquid X 

2 5 mg /ml 

2 3 

8 0 


DISCUSSION 

The simultaneous spcctrophotometnc assay is 
based on the absorption of solutions in acidic and 
alkaline methanol. Though the absorption curve 
of methyltestosterone appears stable throughout 
the pH range investigated, the absorption curve for 
ethinyl estradiol depends upon the degree of ioni- 
zation of its phenolic group This group appears 


to be unionized in acidic methanol and to be com 
pletcly ionized in alkaline methanol greater than 
0 2 A' in potassium hydroxide 

Mctlndtestosterone is calculated from the ab 
sorbance in acidic methanol in order to mininiize 
interference from ethinyl estradiol. Ethinyl estra- 
diol is c.alculated from the absorbance in alkaline 
methanol in order to minimize interference from 
methyltestosterone and to increase the sensitiviti 
of the assay, since ethinyl estradiol has its absorption 
maximum at a longer wavelength and has a higher 
absorbanec in alkaline methanol than in acidic 
methanol 
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Some Ketonic Mannich Bases* 

By ELIZABETH D. TAYLOR and W. LEWIS NOBLES 


A group of ketonic Mannich bases, repre- 
sented by Types I and II, were synthesized 
for pharmacological evaluation. Some of 
these agents demonstrated in vitro anti- 
tubercular and amebicidal action. 

Tnterest has been expressed in the phanna- 
-*■ coiogical action of various ketonic Mannich 
bases (1-8). The extensive literature dealing 
with this reaction has been reviewed recently by 
Reichert (9). 

Mannich and Lammering reported that |5- 
piperidinopropiophenone hydrocliloride possessed 
local anesthetic activity (1) ; it was observed by 
others (2) that the similar amino analog from 2- 
acetylpjTrole demonstrated this same type of ac- 
tivity. It has been indicated by Lewy and 
Nisbet (3) that both the piperidine and dimethyl- 
amino Mannich bases of 2-acetylthiophene pos- 
sessed local anesthetic activity; subsequently, 
Denton and his associates (4) described the anti- 
spasmodic activity of compounds of this type and 
other closely related structures. 

Burckhalter and Johnson (5) reported the anti- 
bacterial activity of certain Mannich bases de- 
rived from Oj^-unsaturated ketones. We have 
previously reported analogs of some of these more 
active compounds (6). Mercier and his associ- 
ates indicated that the diethylamino Mannich 
base from acetophenone was adrenolytic, hypo- 
tensive and ganglioplegic (7). More recently, 
Issekutz and co-workers (8) reported that certain 
substituted propiophenones of this type inhibited 
nicotine tremors and convulsions in rabbits, and 
raised the lethal dose of nicotine in mice. The 
3-diethylamino compound was the most potent 
compound reported in this study; in addition to 
this type of activity, this compound inhibited 
water diuresis in rats when administered at a 
dosage level of 5 mg./lOO Gm. body weight. 
Several of the agents reported in this study were 
weak spasmolytic agents when tested on isolated 
rabbit and guinea pig intestinal strips. 

In view of this multiplicity of pharmacological 
effects elicited by these simple ketonic Mannich 
bases, we wished to prepare a number of previously 
unreported Mannich bases of Type I, especially 

•Received August 21, 1959, from the University, of 
Mississippi, School of Pharmacy, University. 

This paper was based on n portion of a thesis submitted 
by Ivirs. Elizabeth D, Taylor in partial fulfillment of the 
requirements for the Mastet ‘ 

School of the University of ‘ ‘ 

Presented to the Scienti 
niceting, August 1959. 


those containing halogen substituents in view of 
the well known effect of halogen substituents in- 
creasing activity in many compounds demonstrat- 
ing these general types of pharmacological ac- 
tivity. In addition, the recent interest in' the 
pharmacological activity of piperazine and its 
derivatives prompted us to prepare compounds 
of Type II, in which the amine moiety is the di- 
substituted piperazine. 


R 


^^s^C-CHj-CHj-NR'-HCl 

0 . 



0 

II 

C-CHj- 


CH-- 


T~\ 

-N N-CHs-HCl 


II 


The preparations of compounds of Types I and 
11, which are listed in Tables I and II, was accom- 
plished by means of the Mannich reaction, which 
involved the interaction of formaldehyde or para- 
formaldehyde with the appropriate ketone and 
amine hydrochloride. This reaction may be de- 
picted as follows: 



+ HCHO -f RjNH-HCl 


0 

a C-CHj-CHa-NRrHCl 




EXPERIMENTAL 

Experimental Results. — p-Fluoroacetophenone 
and /i-iodoacetophenone were prepared according 
to the method of Lutz (10). /i-Chlorobenzalacetonc 
was synthesized according to the method previously 
outlined (11). The N-methylpiperazine was kindly 
supplied through the courtesy of Dr. Harold Zaiigg 
of Abbott Laboratories. All the other ketones and 
amines used in this study were commercially 
available. 

The Mannich reaction w.as carried out as pre- 
viously described (G) utilizing tlic two procedures 
therein alluded to depending upon the physical state 
in which the amine or its hj'drochloride was usually 
available. In general, the reactions proceeded 
smoothly to j-icld the e.xpccted product. It may 
be noted, however, that e-scellent yields are seldom 
obtained in the Mannich reaction due to the com- 
ple.\-ity of the products obtained wliich may be 
occasioned by by-product formation. 
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Table 1 — Manmch Bases 


Vol 49, No 


R' 


O 

II 

C-CH,— CHj-NRj HCl 


No 

a R' 

NR2 

Yield, 

M PO' 


Analyses 

% 

C 

r ormula 

CaJed 

Pound 

CaJed 

Fount 

1 

/t-Fliioro 

Diincthjdamino 

48 

1.60 1.68 

C„n„FNO HCl 

57 00 

57 01 

0 52 

6 39 

2 

p-riiioro 

H-Dibiitj laniiiio 

42 

189 190 

CirlFrFNO NCI 

01 64 

04 83 

8 61 

8 49 

3 

p Fluoro 

Piperidiiio 

()8 

19) 

c„h„fno UCl 

01 87 

01 63 

7 05 

7 45 

4 

/<-Fluoro 

Morpliolino 

06 

21.6-217 

C.iHifFNOo HCl 

57 04 

50 80 

6 26 

6 16 

5 

F'Fluoro 

(2 Mctlijl)- 

22 

20.6-20(1 

CiJ72„rNO HCl 

03 20 

02 81 

7 43 

7 23 



pipendiiio 





6 

/;-Fluoro 

P> rroIidiBo 

18 

146 

C„lI,«FNO HCl 

00 58 

00 30 

0 65 

7 08 

V 

/t-Iodo 

Diinetlij lainiBo 

42 

208-210 

C„H,,INO HCl 

38 90 

38 96 

4 45 

4 61 

8 

p-Ioclo 

PipcridiBO 

.62 

214-210 

C„H„INO MCI 

44 28 

44 20 

5 04 

5 16 

9 

p-lado 

Morpliolino 

47 

209-210 

C„lI,JNOe HCl 

40 91 

40 87 

4 49 

4 61 

10 

p lodo 

(2-Mcthjl) 

20 

209 210 

C,JI„1N0 HCl 

45 87 

45 63 

5 39 

5 22 



piperidiiio 







11 

p lodo 

Pyrrolidiiio 

31 

199-200 

CiJJ,sINO HCl 

42 70 

42 70 

4 68 

4 79 

12 

0 Ilvdroxj '' 

Diincth} lainino 

31 

1 7.6- 170 

C„H,sNO HCl 





13 

d-Hjdro\} 

Piptridino 

0.6 

ISO 

CnHisNOj If Cl 

02 33 

61 71 

7 49 

7 38 

14 

o-Ht droxj 

Morpliolino 

oO 

193-19.6 

C„H„NOs HCl 

57 45 

57 31 

6 68 

6 49 

15 

o-Hj dro\j 

(2 Metlnl). 

o7 

210 212 

C,JIj,NO: HCl 

03 48 

02 95 

7 81 

7 68 



ptperiditio 







10 

p-Hj dro\> 

P.irrolidino 

28 

101-102 

0 

II 

=CH-C- 

Ci,H,rNOj HCl 

01 05 

00 59 

7 09 

7 28 



ll" 

Piperidiiio 

O'" 

■CHz—CHz-NRj HCl 




17 

p Cliloro 

fiO 

198 200 

C„Hn,CINO HCl 

01 15 

61 35 

6 73 

6 58 

18 

p Methow 

(2-Mctli\I) 

is) 

212-213 

Cish-sXOs hCI 

06 75 

06 28 

8 12 

8 34 


pipcnditio 








^ All Afannich bases in this table were reerj stallizcil from art ethanol acetone solution 
Melting points nre uncorrccted 

r Carbon anil hydrogen analyses are b> Welter tndStriiiss Oxford England 

d Padfield E M , and Tomlinson M L ^ Chem See 1950, 2272 report a m p of 17 G® for a compound iihieh thej indi 
cate to he the dimetb> lamino Manmch base altliough in their description thc> refer to the use of methslamine The nature 
of tlicir insestigation iiould dictate that it i\as iii fact the diracthj lamino compound thc> were utilizing in connection leitii 
the uork reported in the reference cited 


Tabi c II — Manmch Bases 


-C-CH2-CH2-N N-CHj HCl 


R 

/)-Fluoro 
/)-ChIoro 
p Bromo 
p lodo 
None' 
p Nitro 
p Methoxy 
p-Btho\y 
i)i-Nitro 


Yield 

At P.u 


Analj ses 

Carbon » 

% 

“ C 

Formula 

Calcd 

Found 

78 

181 

C„H,sFNrO 2HC1 HsO 

49 27 

49 86 

80 

179-180 

CiiHieCINeO 2HCI H.O 

47 00 

40 69 

08 

185-187 

C„H,!,BrN.O 2NC1 SH-O 

38 39 

38 82 

77 

176-177 

CiiHisINeO 2HC1 4H O 

33 44 

33 48 

68 

180-181 

ChH-oNjo 2HCI H.O 

52 01 

52 10 

71 

192-194 

CiiHisNaOs 2HC1 H»0 

45 GO 

45 93 

81 

190-192 

CisH-N.Oz 2HC1 2HtO 

48 29 

48 43 

70 

187-188 

CieHerNeO. 2HCI H 2 O 

52 32 

52 51 

38 

170 

CiiHisNjOa 2HC1 H 2 O 

45 66 

45 38 


, — H5 dtogen-p 
Calcd ” - 


79 
48 
6 21 
SI 
48 
29 
56 
6S 
29 


Found 

6 54 
6 61 
6 18 

6 05 

7 16 

6 41 

7 60 
7 40 
6 16 




a Melting points are uncorrected 

r eTman'cVmrf ^ refer to an anhydrous form of this compound 

1 nt 1Q7°^thisr after the completion of the present work Denton J J 

winch 0 75 mole of water of h\dration for which the> . 

ei at J . f 107 iligg 5® It IS of interest that all 01 me present compounds were obtained as hydrates when the u 

MannmTp^ccdure i/as used nith reerystallization from ethanol aeetone 
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Tadle in. — Tuberculosis Screening, Results in Vitro, Serum Broth Dilution 



Compound 

Organism 

Strain 

Incub., Days 

Mcg./ml. 

Causing 

Complete 

Inhibition 

Partial 

Inhibition 

Standard Control 
(INK) 
mcg./ml. 

Causing Complete 
Inhibition 

1. 

No. r 

M. tuberculosis 


Inactive 




2. 

No.’ 9 

M. tuberculosis 


Inactive 




3. 

No. 10 

M. tnbcrciilosis 

H37RV 

7 

20 


0,024 

4. 

No. 10 

M. tuberculosis 

INH-Rcs. 

7 

20 



5. 

No, 10 

M. tuberculosis 

STM-Res, 

7 

20 



6. 

No. 13 

j\f. tuberculosis 

H37RV 

7 

20 


0.024 

7. 

No. 13 

M. fiiicrcidosis 

INH-Rcs 

7 

20 

io 


8. 

No. 13 

M. tuberculosis 

STM-Res. 

7 

20 

10 



Table IV. — ^Ambbicidai. Activity 


Compound 

Dilution 

Drug Effect 

No. 1 

1:2500 

Cidal 

No. 1 

1:5000 

Cidal 

No. 9 

1:5000 

Cidal 

No. 13 

1:2500 

Cidal 

No. 13 

1:5000 

Stasis 


Pharmacological Results. — The results of the 
pharmacological evaluation of these compounds have 
been made available through the courtes.v of Dr. 
Loren Long of Parke, Davis and Co, All of the 
compounds thus far tested are from Table I and 
the numbers used in this section will refer to the 
numbers cited in that table only. The in vitro 
antitubercular and amebicidal activities of some of 
these compounds are listed in Tables III and IV. 

Despite the in vitro activity of compounds No. 10 
and 13 in the tuberculosis screening test, these com- 
pounds were regarded as being inactive m subse- 
quent in viva tests. Also, compound No. 9 was not 
regarded as being promising in subsequent in vivo 
amebicidal tests which were conducted. Com- 
pound No. 11 did not demonstrate any in vivo ac- 
activity against either Strep, pyrogenes or Staph, 
aureus. 

Moreover, compound No. 1 evidenced no respir- 
atory stimulation in doses ranging from 2-32 mg./ 
Kg. when administered intravenously to cats. No 
cerebral stimulation was noted with this compound 
in doses up to 100 mg./Kg. The same negative 
results were elicited by compounds No. 8 and 13. 
A mild degree of respiratorj' stimulation was 
elicited, however, by compound No. 9 when it was 


administered to cats .at a dosage level of 4-Sjng./Kg., 
but no cerebral stimulation was evidenced with this 
agent at doses up to 100 mg./Kg. 

Compound No. 1 produced stasis in in vitro tests 
against Trichmonas vaginalis at a concentration 
of 50 mcg./ml. but was inactive at a level of 12,5 
mcg./ml. 


SUMMARY 


Twenty-seven Mannich bases have been pre- 
pared, using various ketones with dialkyl and 
heterocyclic amines. While several of these com- 
pounds did demonstrate in vitro activity against 
various organisms as reported in this paper, sub- 
sequent in vivo tests of these substances were not 
regarded as promising in any instance. 
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0 




C-CH2— CHj-NRrHCJ 









Analyses, — 






Yield, 

M !>.<• 


/ Carbon ^ 

Hvriro^pi 

No 

a R’ 

NR} 

% 

° C 

Formula 

Gated 

round 

Calcd 

Fi 

J 

fi-Flttoro 

Dimetliylaiiiiiio 

48 

156-1.58 

CnHisF.yO-Iia 

57 00 

57 01 

6 52 

6 

2 

/i-Fluoro 

w-Dibiitylaniino 

42 

189-190 

CnHsrFNO-NCl 

64 64 

64 83 

8 61 

8 

3 

/i-FItioro 

Pipcndino 

68 

199 

C„H„FNO HCl 

61 87 

61 63 

7 05 

7 

4 

• /)-Fluoro 

Morplioliiio 

65 

21.5-217 

C.iH.sFNOs irCI 

57 04 

56 80 

6 26 

6 I 

6 

/i-Fliioro 

(2-Mctlijl)- 

22 

205-206 

Cisl-rjoFNO-HCl 

63 26 

62 81 

7.43 

7 1 



pipendino 








G 

/)-Fluoro 

Pyrrolidino 

38 

145 

CnllicFNO HCl 

00 58 

60 30 

6 65 

7 () 

7 

p-Iodo 

Diinetliyl.iniiiio 

42 

208 210 

C„H„lNO HCl 

38 90 

38 96 

4 45 

4 C 

8 

p-lodo 

Pipcndino 

52 

214-216 

c„H,jNO irci 

44 28 

44 20 

5 04 

5 li 

9 

p-lodo 

Morpliolino 

47 

209-210 

CnllijINOa HCl 

40 01 

40.87 

4 49 

4 6 

10 

p-lodo 

(2-McthyI)- 

26 

209-210 

C.sHisINOHCI 

45 87 

45 63 

5 39 

5 2. 



pipcndino 








11 

p-lodo 

Pj’rrolidino 

34 

199-200 

C.iHiJNO HCl 

42 70 

42 76 

4 68 

4.79 

12 

o-Hydroxy'' 

Dimclliylaniino 

33 

175-176 

C.iHuXO HCl 





13 

o-Hydro\y 

Pipcndino 

65 

180 

C„H„NO-HCI 

62 33 

oi’n 

7 49 

7 3S 

14 

o-IIydro\y 

Morpliolino 

59 

193-195 

C„H„N03 HCl 

57.45 

57 31 

6 68 

6 49 

15 

o-IIydro\j 

(2-MetlijI> 

57 

2I0-2I2 

C.JljiNOj HCl 

03 48 

62 95 

7 81 

7 68 



-pipendino 








16 

o-Hydro\y 

Pyrrolidino 

28 

161-162 

ri 

CuHirXO-HCl 

61 05 

GO 59 

7 09 

7 28 




O'" 

U 

II 

=CH-C- 

•CHz— CHa-NRrHCI 




17 

/i-Cliloro 

R"" 

Pipcndino 

00 

198-200 

Ci.Hs.CIXO HCl 

61 15 

61 35 

6 73 

6 58 

18 

/>-Mctlio\y 

(2-Mctli>l)- 

75 

212-213 

CishjsXO.. HCl 

00 75 

66 28 

8 12 

8 34 


pipendiiio 


a All Maninch bases in this tabic ucrc rccr>stallizc<l from an ethanol acetone solution 
t Melting points are uncorrcctcd 

« Carbon and hydrogen analjscs are bj Wcilcr and Strauss Oxford England 

d Padficld, E M , and Tomlinson, M L / Chem Soc 1950, 2272 report a m p of 176® for a compound which thej mdi 
cate to be the dinietb> Inmino Mannich b isc, altliough in their description tlicy refer to the use of raetn3 lamine The nature 
of their investigation would dictate that it was, in fact the dimcth> lamino compound they were utilizing in connection min 
the w ork reported in the reference cited 


Tadlc II — Mannich Bases 


N-CHo-HCI 

uXJ 


No R 

1 />-Fluoro 

2 />-Chloro 
3. p-Bromo 

4 p-lodo 

5 None' 

6 ^-Nitro 

7 J)-Methoxy 

8 j)-Ethoxy 
9. ru-Nitro 


-Analyses, % 


Yield, 

M P.a 


Carbon 

. — Hv drogen-- 

% 

° C 

Formula 

Calcd 

Found 

Calcd 

l<OUDQ 

78 

181 

CiiHioFN.O 2HC1 H.O 

49 27 

49 86 

6 79 

6 54 

80 

179-180 

C,iH„CINeO-2HCI H:0 

47 00 

40 69 

6 48 

6 61 

68 

185-187 

C„H,8BrNoO-2NCi -OHjO 

38 39 

38 82 

6 21 

6 18 

77 

176-177 

ChHisIN.O 2HC1-4H.O 

33 44 

33 48 

5 81 

6 05 

58 

180-181 

CnH:aN2o-2HCl-HjO 

52 01 

52 10 

7 48 

7 16 

71 

192-194 

C.,H,9N305-2HCI H;0 

45 66 

45 93 

6 29 

6 41 

81 

190-192 

CisHaaNsOi • 2HCI • 2 H 2 O 

48 29 

48 43 

7 56 

7 60 

70 

187-188 

C,8Hj4N202-2HC1-H20 

52 32 

52 51 

7 08 

7 40 

38 

170 

CirHjjN^O, -SHCl -H.O 

45 66 

45 38 

6 29 

6 16 


a Melting points are uncorrected 

l> Carbon and hydrogen analyses are by Weiler and Strauss Oxford England „~nouDd 

r Cvmerman-Craig, J , and Harrison, R J .Australian J Chem 8, 378(1<)5S), refer to an anhydrous form of this , 

uhich melts at 197°, this reference was obtained from Chem Abstr after the completion of the present work Benton 

eiaiJ Am Chem Soc , 71. 2048(1949), report a similar compound with 0 7o mole of nater of hvdration for which the! 

ooint of 187 1-188 5° It is of interest that all of the present compounds were obtained as hydrates when the 
Mannich procedure was used with recrystallization from ethanol-acetone 
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Compoupd Org/iuhnt 

1. Xo. i M. tiibcrciihsis 
_2, No. 9 j\f. tuberculosis 

3. No. 10 M. tuberculosis 

4. No. 10 jl/. tuberculosis 

5. No. 10 ,1/. tuberculosis 

6. No. 13 M. tuberculosis 
r. iNo. IS jif. tuberculosis 
S. No. 13 M. tuberculosis 




Mi'll nil 


Stand. ird Control 




{\m\) 



(.'.uisiiii: 


meg -'ml 

Slrnirt 

/nciih., Oayii 

CnmpU'le 

fillnUiUnn 

P.irttul 

Inhibition 

C.uisjtig Complete 
Inhibition 

... , 

Inactive 

IiKJcJivc 




iniTiVv 

7 

21) 


n (m 

INJI-Re.s. 

7 

2)> 


STM-RC.S. 

7 

2(> 



H37RV 

7 

20 


0 024 

INII-Res 

7 

20 

10 

STM-Ucs. 

7 

20 




Table — AMEnicniAT. Activity 


Compound 


Dilution 


No. 1 
No. 1 
No. g 
No. 13 
No. 13 


1:2500 

1 .-sooo 

1:5000 

1:2500 

1:5000 


Drill: liffcct 

Cidal 

Ciflal 

Citinl 

Cidal 

Stasis 


Results.-Thc results of tl. 
Cn cowpotwels hav 

Loren / ^ tlirough the courtesv of Di 

<>omoou^rf?tL^ Co. All of th 

tie numh tested arc from Table I aw 

nutnbers section will refer to th 

anthXrT'^ “ The f« vitr. 

aincbicidal activities of some o 
'^5'^ Tables III and IV. 

and 13 ®etivit 3 ' of compounds No. II 

Doundc ^ tuberculosis screening test, these com 
auentiH '’es^eded as being inactive m subse 
regarded Also, compound No. 9 was no 

irophmid °eing promising in subsequent in via 
pound N* which were conducted. Com 

ipth-ft/ "°t demonstrate anj^ in vivo ac 

turetis either Strep, pyrogenes or Staph 

‘^?”’Pptmd No. 1 evidenced no respir 
le wh ®tipn in doses ranging from 2-32 mg..i 
intravenously to cats. N< 
7 rlnc ®“™P‘®tion Was noted with this compounc 
Esnitc^^ mg./JCg. The same negat'm 

I niild"*ri^ elicited by compounds No. 8 and 13 
licit d i respiratory stimulation «'a! 

e , lowever, by compound No. 9 when it wa; 


administered to cats at a dosage level of 4-8 rag./Kg., 
but no cerebral stimulation was evidenced with this 
agent at doses up to 100 mg /Kg. 

Compound No. 1 produced stasis in in vitro tests 
against Triebimonas vaginalis at a concentration 
of 50 nicg./ml. but tvas inactive at a level of 12.5 
incg./ml. 


SUMMARY 

Twenty-seven Manniclt bases have been pre- 
pared. using various ketones with dialkyl and 
heterocyclic amines. IVhiie several of these com- 
pounds did demonstrate in vitro activity against 
various organisms as reported in this paper, sub- 
sequent in vivo tests of these substances were not 
regarded as promising in any instance. 
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Quantitative Determination of Ethanol in 
Pharmaceutical Products by Gas Chromatography* 

By HAROLD J. WESSELMAN 

The presently used U. S P. XV method for ethanol is compared with the gas chro- 
matography method. Advantages and disadvantages of both methods are dis- 
cussed. Typical results obtained by both procedures when applied to tinctures, 
fluidextracts, elixirs, and other products are compared. The results obtained from 
three gas chromatographs each having a different type thermal conductivity de- 
tector are presented. Three types of sample injectors are compared and five different 
stationary phases are examined. 


CiNCD MANY pharmaceutical preparations 
contain ethanol, it is desirable to use a method 
for the determination of ethanol which is both 
fast and accurate The presently used distilla- 
tion method described m the U S P XV (1) is 
time consuming, at least one hour per assay', and 
often complicated by' frothing and bumping dur- 
ing the distillation Samples containing glycerin, 
iodine, volatile oils, solvents, or ammonia re- 
quire special treatment prior to distillation 
The determination of the specific gravity of the 
distillate offers another possibility for error 

The successful application of gas cliromatog- 
raphy in previous work (2) suggested that it 
might be used for ethanol Prehmmarv work 
showed that it offers an ideal solution to the above 
mentioned problems as samples can be assayed 
with little or no treatment in a short time with 
equal or better accuraev 

EXPERIMENTAL 

Stationary Phase. — In the search for a suitable 
stationary' phase poly ethy Icnc gly'col 400, digh cerol, 
dinonyl phthalate, Ucon 75 H 90000, and tricrcsyl 
phosphate were exaniincd Polycthvlene glycol 
400 was finally' selected since it resolves ethanol, 
water, and acetone completely and tlie retention 
times are short, an important factor when many 
samples are to be assay ed 

Sample Injector. — Initiallv , the peak height of 
ethanol in the sample being assav ed w as compared 
to the peak height of a standard ethanol solution 
Good results were obtamed, but the problem of 
repetitive injection of small samples (1 to 5 fiL ) 
w as very' tedious 

The Hamilton microhter syringe No 705N prov'ed 
to be the most useful of the three injectors available 
since it is easy' to use and to clean The Agla 
microhter syringe was satisfactory but requires 
time to assemble, load, inject sample, disassemble, 
and clean The final system used was that of 
Tenney and Harris (3) This system proved satis- 
factory although some liquids are difficult to load 
into the capillary pipets Each of these injectors 
gave comparable results 

» Received August 21 1959 from the Amlytical Control 
Research and Development Departments Eh I illy and 
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Table I — Ratio or Peak Heights of Ethanol 
AND Acetone for Standard Solutions of 
Ethanol and Acetone 


Preparation 

Elixir Betalin" complex 
Elixir Bctalm'* complex 
Elixir Bctalm" complex 
Elixir Bctalm" complex 
Elixir Bctalm" complex 
F E Cascara sagrada 
aromatic 

E E Cascara sagrada 
aromatic 

F E Cascara sagrada 
aromatic 

F E Cascara sagrada 
aromatic 

F E Cascara sagrada 
aromatic 
Elixir Amv taP 
Elixir .Vmv taP 
Elixir Amv taP 
Elixir .‘\mv taP 
Elixir Amv taP 
Fluid rose, soluble 
Fluid rose, soluble 
Fluid rose, soluble 
Fluid rose, soluble 
Fluid rose, soluble 
Tincture belladonna 
Tincture belladonna 
Tincture belladonna 
Tincture belladonna 
Tincture belladonna 
Spirit camphor 
Spirit camphor 
Spirit camphor 
Spirit camphor 
Spirit camphor 




Ratio 

Ethanol, 

Acetone 

Ethanol/ 

% 

% 

Acetone 

13 

10 

1 04 

14 

10 

1 10 

15 

10 

1 15 

IG 

10 

1 21 

17 

10 

1 27 

12 

10 

1 15 

14 

10 

1 23 

16 

10 

1 31 

18 

10 

1 39 

20 

10 

1 47 

24 

20 

0 935 

2G 

20 

0 993 

28 

20 

1 055 

30 

20 

1 114 

32 

20 

1 171 

30 

30 

0 7512 

32 

30 

0 7850 

34 

30 

0 8242 

3G 

30 

0 8653 

38 

30 

0 9000 

44 

30 

1 026 

46 

30 

1 060 

48 

30 

1 104 

50 

30 

1 133 

52 

70 

30 

10 

1 171 

4 125 

72 

10 

4 177 

74 

10 

4 250 

76 

10 

4 275 

78 

10 

4 324 


“ Betahn complex vitamin B complex Lilly 
L Amytal, amobarbital, Lilly 


Calibration. — Since the accuraev of the direc 
measurement of peak heights for quantitative 
determinations of ethanol depends mainlv on t le 
ability to inject accurate volumes of samples, t ns 
point was giv'eii serious consideration The interna 
normalization technique cannot be applied because 
of the numerous volatiles and nonvolatiles fonn in 
the samples encountered The internal staiidar 
technique introduced bv' Ra\ (4) and later used ' 
Bradford, Harvey, and ChalUev (5) was then use 
since It IS the roost accurate of all methods, /e 
being easily' achieved In this method a suita e 
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Table 11. — Comparison or Ethanol Determinations by Distillation and Gas Chromatography 


Preparation 

Elixir Betaliil complex 
F E Cascara sagrada aromatic 
Elixir Amytal 
Fluid rose, soluble 
Tincture belladonna D S P 
Spirit camphor N P. 


Theory, % 

DfetUtation, % 

Analyst 1 

17 00 

17 27 

16 90 


16 83 

17 16 


16.67 

17 77 

18 00 

18 00 

18 18 
17 90 
17 50 

34 00 

32 88 

33 55 

34 22 
34 10 

48 00 

49 08 

48 88 

49 55 
48 00 

67 00 

67 14 

66 66 
68 43 
68 40 

83 00 

86 00 

85 33 

82 44 

83 15 


'Gas Chromatography, %■ 


Analyst 2 

Average 

Standard 

DeviaUotr 

17 33 

16 68 

17 78 

17 27 

0 97 

17 77 

17 85 

17 50 

17 78 

0 52 

33 33 

33 60 

34 20 

33 83 

0 91 

47 77 

48 57 

48 71 

48 58 

1 25 

68 57 

66 11 

67 14 

67 55 

2 45 

82 11 

81 88 

84 64 

83 26 

3 70 


volatile substance is added to the sample in known 
proportion and the peak height of the ethanol is 
referred to the peak height of the internal standard. 
Calibration curves are obtained by measuring the 
ratio of the peak heights of ethanol and the internal 
standard and plotting this ratio against the per- 
centage of ethanol This provides straight line 
plots Hausdorff (6) found that peak heights are 
linear with concentration when sj'mmetrical and 
sharp peaks are obtained, and that peak heights are 
generally as accurate as peak areas 

Acetone was selected as an internal standard 
after examining methanol, isopropanol, butanol, 
and pentanol. Accurate measurement of the 
sample is no longer critical ivith this method. 
Brealey, Elvidge, and Proctor (7) reported that 
doubling or tripling the sample size does not appre- 
ciably alter the ratio of the peak heights Since a 
calibration curve is run with each unknown, it is not 
necessary to maintain precise operating conditions 
in the instrument from time to time. The slope 
of the curve will change slightly from day to day, 
but it is only necessary to run two concentrations 
of the standard solutions to determine the curve 

Ratios of ethanol peak heights to acetone peak 
heights for the synthetic mixtures of several prep- 
arations are shown in Table I The resulting cali- 
bration curves are shown in Fig 1. 

PROCEDURE 

Standard solutions containing acetone and a suit- 
able amount of ethanol are prepared for each sample 
to be assayed. The sample is diluted with the same 
amount of acetone that is contained in the stand- 
ards Standards and samples are then chroma- 
i tographed under the following conditions: instru- 
ment, Podbicliiiak Cliromacon No 9475-3V: col- 
umn, 6 feet X 'A inch copper packed with 30% 
' («’A\) polyetiiyiene glycol 400 on 30-00 mesh 

Ciiromosorb and operated at 100°; sample inlet 
heater, temperature maintained at 300°; carrier 
gas, helium at an inlet pressure of 45 pounds/square 
iiicii and atmospheric pressure at outlet, flow rate 
75 ml /min ; pipet, Hamilton microliter syringe 
No 705N, sample size 1-2 ;iL.. detector, Goiv-Mac 



Fig 1 — Calibration curves for ethanol 
determination 

thermal conductivity cell, model 928S, detector 
current 68 milliaraperes, output signal 32 , recorder, 
Broivn instruments division, Minneapolis-Honey- 
weil Regulator Co with a range of —0 2-2 0 mv 
and a chart speed of 30 inches/hour 
The peak heights of the acetone and ethanol are 
measured accurately and the ratios calculated and 
plotted against the concentration of ethanol From 
the standard plot the concentration of ethanol in the 
diluted sample is determined This value, when 
corrected for the dilution with acetone gives the 
amount of ethanol present in the original sample. 
Table II shows the results obtained by the dis- 
tillation and gas chromatography methods 
In addition to the above mentioned instrument, 
a Burrell Kromo-Tog, model K-2, with a filament- 
type detector and a shop-built instrument with a 
Victory Engineering Corp thermistor-type detector. 
No M 182, were also used. The results from these 
instruments compared very favorably wt!i those 
shown in Table II 

SUMMARY 

The gas chromatography method permits a 
sample containing ethanol to be assayed accu- 
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rately in less than one half hour as compared to 
at least one hour by the distillation method No 
separations or special treatments are required in 
the former procedure, the sample needs only to 
be diluted with a known amount of acetone be- 
fore being injected into the chromatograph Re- 
sults obtained by two analysts are very satis- 
factory ’ 

> The author wishes to tliank Mr G \V Mills for assisting 
in the collection of some of these data 
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Metal Chelates and Diabetogenic Activity 11* 

Isoalloxazines 


By WINTHROP E. LANGE, JAMES McMURTRY, and MERLE E. AMUNDSONf 

In a further attempt to relate the chemical structure of various compounds to their 
diabetogenic activity, copper chelates of several isoalloxazines, and nitrogen-contain- 
ing fragments (substituted anilines) of the isoalloxazine molecules, have been pre- 
pared. All of these compounds were found to be weak chelating agents. Only 
copper was found to be capable of forming stable 1 : 1 chelates. The chelates of 
dichloro-isoalloxazines as well as the chelates of the corresponding substituted 
aniline compounds were found to produce a hyperglycemic response in rabbits 
greater than that of alloxan or its metal chelates. The chelates of dimethyl-iso- 
alloxazines and the corresponding substituted anilines as well as the unmetallized 
compounds were essentially inactive. These findings suggest that either chloro- 
substitution, or the presence of a sugar side chain is necessary for isoalloxazines to 
produce a hyperglycemic response as metal chelates. 


UHN AND ^^'■EYGAND (1) in 1934 were the 
first to experiment with isoalloxazine 
derivatives as antimetabolites Since that time 
many isoalloxazines have been prepared and 
tested as: riboflavin antagonists (2), inhibitors 
of flavo-protein enzymes (3), and antifolinic 
compounds (4). Binet, Wellers, and Marquis 
(5) were the first to observe that large doses of 
various alloxazines produced a diabetogenic 
response in rats. This result is not surprising 
in view of the facts that the pyrimidine structure. 


* Received August 21, 1959, from the Massachusetts 
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considered essential for diabetogenic activity 
(0), IS present and of the large doses employed 
In the first paper in this series (7) we reported 
the preparation and blood sugar studies of various 
chelates of alloxan At that time ue also tested 
the chelates of two isoalloxazines, one of which 
produced a blood sugar response far greater than 
that of alloxan and the other showed only slight 
activity In order to inquire further into the 
cause of the variations in response w'e obtained, 
copper chelates of various isoalloxazines and 
fragments of the isoalloxazine molecule have 
been prepared and tested in rabbits 

DISCUSSION 

Methods of Synthesis. — In order to determine 
the influence of substitution on the benzene portion 
of the isoalloxazine molecule, two derivatives of 
aniline were prepared The preparation of the 
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dichloro compound (la) has been reported by 
Barlow (3) as an iiilcrmcdiate in his synthesis of 
6,7-dichloro-9-(2'-hyclroxyethyl)-isoal)oxazine. How- 
ever, he did not isolate the compound. Evapora- 
tion of an alcoholic solution of the compound gave a 
product which could be purified and a correct analj--- 
sis for carbon-hydrogen was obtained. A method 


la 

Ib 


Rs-L l-NH, 


Ri = Cl, R: = Cl 
R, = CHs, R- = CHs 


for the preparation of the dimethyl compound (Ib) 
involved the reaction of 4-ch!oro-S-nitro-o-xylene 
with 2-aminoethanol followed b 3 ' hydrogenation. 

The two corresponding isoalloxazines and a thio- 
semicarbazone derivative (Ila, lib, and He) were 
prepared to determine the influence of the sugar 


Ila 

lib 



Ri = Cl, R" = Cl. Ra = CHj— CHiOH 
R, = CHa, Rj = CHj, Ra = CHa— CHjOH 
R, = CHa, Rs = CHa, 


Ra = CHa— CH=N— NH— C— NH. 

group found in the isoalloxazines previously de- 
scribed (7). Compound Ila had been prepared 
previously by Barlow (3) from la and alloxan. 
Compound lib was prepared by cleavage 'of the 
sugar portion of riboflavin as reported bj' Fall and 
Petering (2). The thiosemicarbazone derivative 
(lie) was also prepared by the method of Fall and 
Petering. 

Chelate Formation. — Initially the preparation 
of the metal chelates was attempted in a manner 
similar to the preparation of metal chelates of 
riboflavin (8). However, the isoalloxazines required 
a pH of 12 for them to remain in solution in water. 
At this pH the major product obtained was the 
metal hj'droxides. In order to prevent the forma- 
tion of metal hydroxides, the solvent was changed 
to ethylene glycol and the pH adjusted to 9. Aque- 
ous solutions of various metal salts were then added 
to the isoalloxazine solutions in equimolar quanti- 
ties. A marked drop in pH which occurred in the 
absence of added alkali and immediate precipita- 
, tion provides evidence for chel.ation rather than 
salt formation. Further evidence was provided by 
I the absence of metal ions in the supernatant solu- 
\ lions as indicated by tests with ferricyanide. Un- 
I ! like the riboflavin chelates (S) only chelates of copper 
could be obtained in a pure state. Thus, the sug-ar 
side chain of riboflavin must be involved in chelate 
fomiation of the hexacoordinatc metals: namelj', 
cobalt, nickel, and iron. This is not in agreement 
with the postulation of Albert (9) that riboflavin 
should hclate like S-hj-droxyquinoline. If this 


were true the sugar group would not be involved 
in chelation with any metal. 

The chelates 6f the 4,5-dichloro and 4,5-dimethj'l- 
N-(2'-hydroxyethyl)-ani!ines were prepared in an 
ethanol-water mixture, due to the insolubilitj' of 
the parent compounds in water, bj- the same pro- 
cedure as described above. This procedure using 
cupric chloride gave immediate precipitation of a 
dark purple chelate with the dichloro compound 
and a pale green chelate with the dimethyl com- 
pound. As before only the copper chelate could be 
isolated in a pure state. Various other metals were 
attempted: namely, cobalt, nickel, iron (Fe++), 
and zinc. 

Structural Considerations. — ^The results of ele- 
mental analyses of the chelates, as shown in Table 
I, indicate a structure containing one metal atom 
per molecule of isoalloxazine or substituted aniline. 
The presence of water of chelation was shown by a 
loss of weight corresponding to appro.vimately the 
calculated number of molecules of water without a 
change in color when the chelates were dehydrated 
at 250°. Only in the case of the copper chelate of 
Ilb was any color change noted during the dehy- 
dration procedure. It darkened and appeared to 
decompose. In the case of the thiosemicarbazone 
derivative (lie) the elemental analyses indicated a 
structure closely related to riboflavin (8) containing 
two metal atoms per molecule of isoalloxazine. 

The ultraviolet absorption spectral character- 
istics of the isoalloxazines and their copper deriva- 
tives were compared in an attempt to show diSer- 
ences between the chelate and the parent compound. 
Little change in the position of the maximum ab- 
sorption for the isoalloxazines occurred on forma- 
tion of the chelates, as was previously observed for 
the chelates of riboflavin (10). The position of 
maximum absorption for the aniline compounds 
(la and lb) shifted from 253 m;i to 240 mju. No 
attempt at an explanation of this shift will be pre- 
sented at this time. 

Biological Results. — As shown in Table 11, the 
administration of nondiabetogenic doses of the 
chelates produced a variety of responses in rabbits. 
The dichloro compounds, as chelates, produced 
increases in the blood sugar level far greater than 
did alloxan. The differences between the blood 
sugar increases caused bj' the chelates and the 
nonmetallized agents is striking. The dichloro 
compounds also were more toxic than alloxan. 
A dose greater than 50 mg. /Kg. in most cases was 
fatal to the rabbits. The dimethyl compounds, 
both chelated and unchelated, in general were in- 
active. Riboflavin containing a sugar side chain 
produced a slightly greater blood sugar response as 
the chelate than alloxan. In the case where the 
sugar group of riboflavin was replaced by a thio- 
semicarbazone, or a hydroxj'ethyl group, neither 
the chelate nor the parent compound showed any 
appreciable effect. 

These observations suggest that in some way. 
either chloro substitution or the presence of a sugar 
side chain on the isoalloxazine molecule are con- 
tributing groups in the production of blood sugar 
increases caused by the chelates of these com- 
pounds. Chelation alone is apparentlj’ not the final 
answer to the activity of various isoalloxazines, 
fragments of isoalloxazines, or of alloxan. 
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Chelate 

Formula 


c, % 

H, % 

Cu, % 

% 

Yield 

Color 

G,7-Dimethyl-9-(2'- 

C„Hi 2 NtO.-,Cu +OH - ■ H 2 O 

Calcd. 

41.83 

4.51 

15.80 

4.8 


hydro.xyethyl)- 
isoalloxazinc, Cu 


Found 

42.64 

5.67 

12.94 

e 

87 

Brown 

6,7-Dichloro-9-(2'- 

C.oHsCLNiOjCu +OH--H 50 

Calcd. 

33.93 

2.38 

14.96 

4.3 



hydroxyethyl)- 
isoalloxazinc, Cu 


Found 

33.60 

3.49 

14.14 

4.4 

80 

Green 

Thiosemicarbazone 

C,sH„N,02SCn:-4IT0 

Calcd. 

32.00 

3 40 

23.0 

13.0 



of G,7-dimethyl- 
9-formyImetliyl- 
isoallo.xazine, Cu, 


Found 

32.26 

5.07 

21.8 

12.2 

50 

Green 

2-Amino-4,5- 

C,nH,5N20Cii+CI--H2O 

Calcd. 

40.65 

5.78 

21.45 

6.1 



dimcthyi-N-(2'- 
h 3 'droxycthyI)- 
aniline, Cu 


Found 

40.00 

4.43 

22.80 

5.8 

34 

Green 

2-Amino-4,6- 

CJTgCLNjOCu +C1--H20 

Calcd. 

28.79 

3,19 

18.86 

5.4 



dichloro-N-(2'- 
hydroryethv'l)- 
aniline, Cu 


Found 

28.87 

1 94 

18 60 

6.5 

73 

Purple 


o The carbon*hydrogen analyses were determined by Wcilcr and Strauss, Oxford, England. The copper analyses were con- 
ducted by a standard ashing procedure The chelates were dried in vacuo at 100® before analysis for carbon and hydrogen. 

^ This quantity is the loss of weiglit on dehydration at 250° for two hours. 

® This compound gradually darkened during dehydration. 


Table II. — Blood Sugar Determinations of 
Metal Chelates in Rabbits" 


Increase in Blood Sugar Level, 
mg. % 


Compound 

■/! 

1 

2 

3 

Alloxan*' 

15 

48 

4 


6,7-DimethyI-9-( 1-d- 
ribityl)-!!,' Co*' 

23 

72 

50 

— 5 

6,7-Dichloro-9-( 1-d- 
sorbityl)-!!, Co*’ 

GO 

110 

130 

125 

6,7-Dimethyl-9-(2'- 
h 3 'droxyeth 3 d)-II, Cu 

0 

-15 

-10 


6,7-Dichloro-9-(2'- 
hydro.X 3 'etli 3 d)-II, Cu 

57 

85 

80 

37 

6,7-Dimeth3d-9-formyl- 
meth 3 d-II-thiosemi- 
carbazone, Cu 2 

0 

0 

-3 


2-Amino-4,5-dimethyl- 
N-(2'-hydrox3'etliyI)- 
I, Cu 

0 

— 7 

-11 

-13 

2-Amino-4,5-dichloro- 
N-(2'-hydroxyethyl)- 
I, Cu 

70 

75 

100 

30 


a The mode of administration in all cases was intraperi- 
toneal, and the dosage 20 mg./Kg. In all cases the non- 
chelated compounds produced no change in the blood sugar 
level in rabbits. 

& Inserted as comparison compounds (7). 
c I aniline, II = isoalloxazine. 

EXPERIMENTAL 

The melting points were taken on a Fisher-Johns 
block and are recorded as read. The elemental 
analyses were carried out at the Weiler and Strauss 
Microanalytical Laboratory, Oxford, England. 

2 - Amino - 4,S - dichloro - N - (2' - hydroxyethyl) 
-aniline.— A solution of 5.0 Gm. (0.02 mole) of 2- 

nitro-4,5-dichloro-N-(2'-hydroxyethyl)-aniline (3) 

and 150 ml. of ethanol was obtained with the aid 
of heat. One-tenth gram of platinum oxide (Adam’s 
catalyst, American Platinum Works) was added to 
the alcoholic solution and the solution was reduced 
a. Paar hydrogenator at 40 p. s. i. The reduction 
required about thirty minutes. The catalyst was 
removed by filtration and the alcohol was removed 


from the filtrate by vacuum distillation. Reers's- 
tallization of the product from water produced 

3.6 Gra. (80% yield) of 2-araino-4,5'diehIoro-N- 
( 2 '-hydrox 3 ’ethyl)-aniline as purple needles, m. p. 
128.5-130°. 

Anal. — Calcd. for CsHioCIiNjO: C, 43.43; H, 
4.65. Found; C, 43.61; H, 4.68. 

2 - Nitro 4,5 - dimethyl - N - ( 2 '-hydroxyethyl )- 
aniline. — A solution of 3.0 Gm. (0.01 mole) of 
4-chloro-5-nitro-o-.\}’lene (11) whidi contained an 
excess of 2-aminoethanol (5.0 Gm.) was reflu.xed 
in 100 ml. of pjTidine for seventy-two hours. The 
pyridine was removed by heating under reduced 
pressure and tiie resulting solid was recrj’stallized 
from an ethanol: water: methanol mixture (4:4!2). 
A jdeJd of 1.7 Gm. (52%) of 2 -nitro- 4 , 5 -dimeth}'l- 
N-(2'-hydroxyeth3'l)-aniIine was obtained as red 
needles which melted at 195-197°. 

Anal.— Calcd. for CioHhNoOj: C. 57.14; H, 6.71. 
Found: C. 66.86; H, 6.66. 

2 - Amino - 4,5 - dimethyl - N- (2'-hydroxyethyl)- 
aniline. — 2 - Nitro - 4,5 - dimeth3'l - N- (2'-h3'drox)’- 
ethyl)-aniline was reduced in the manner de- 
scribed for 2-amino-4,5-dichloro-N-(2’-hydrox3’- 

ethy!)-aniline. Recrystallization of the product 
from a 50% ethanol : water mixture gave a 66% 

3’ield of 2-amino-4,5-dimeth3’]-N-(2'-h3'drox3'ethyI)- 

aniline as purple platelets; m. p. 160° (decompn.)- 

Anal.— Calcd. for C.oHieNjO: C, 66.64; H, 
8.95. Found: C, 67 28; H, 9.06. 

6,7 - Dimethyl - 9 - (2' - hydroxyethyl) - iso" 
alloxazine and Thiosemicarbazone. — ^These com- 
pounds were prepared from 6,7-dimeth3d-9-fonnyl- 
meth 3 disoalloxazine h 3 'drate according to the 
procedure reported b 3 ' Fall and Petering (2). 

6,7 - Dichloro - 9 - (2 '-hydroxyethyl) - iso^lox- 
azine. — This compound was prepared b 3 ' modifica- 
tion of the methods of Barlow (3) and Holly, 
el al. (12). A hydrogenated solution of 12.8 Gm. 

(0.05 mole) of 2-nitro-4,5-dichloro-N-(2'-hydroX3’- 
eth3d)-aniline (3) was filtered into a suspension of 
14.8 Gm. (0.09 mole) of alloxan monohydrate and 
33.6 Gm. (0.04 mole) of boric acid in 600 ml. of 
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% acetic acid The mixture was stirred intermittently 
at room temperature for tlirce days and then filtered. 
The filtrate was evaporated to dryness i« vacuo. 
The solid material obtained upon filtration and 
1 evaporation was suspended in boiling water to re- 
move the boric acid. The solid remaining was 
• collected and recrystallized from ethylene glycol. 
The green amorphous solid was washed with water 
and dried j« rflci/o The yield was 11.9 Gm (65%). 

Preparation of the Metal Chelates. — The copper 
chelates of 6,7-dichloro, and 6,7-dimethyI-9-(2'- 
hydroxyethyl)-isoaIloxazine as well as the thio- 
setnicarbazone derivative were prepared by the 
same procedure. 

To a mixture of the isoalloxazine (0 03 mole) in 
hot ethylene glycol was added sufficient 10% sodium 
hydroxide solution to dissolve the isoalloxazine. 
An aqueous solution of anhydrous cupric chloride 
(0,03 mole) was added slowly to the stirred solution 
along with sufficient 10% sodium hydroxide solution 
to maintain a pH of 9 After thirty minutes of 
further stirring, the solid which formed was collected 
and washed with water and acetone Analyses, 
yields, and colors of the various chelates are shown 
in Table I. 

The copper chelates of 2-amino-4,5-dichloro and 
2-aniino4,5-dimethyl- N - (2' - hy droxyethyl) - aniline 
were prepared by dissolving 0.005 mole of each in 
100 ml. of a 50% ethanol '.water mixture. Suffi- 
cient 10% sodium hydroxide solution was added to 
bring the pH to 9. An aqueous solution of 0.85 Gm 
\ (0.005 mole) of anhydrous cupric chloride was then 

I added slowly over a period of ten minutes, along 
with sufficient 10% sodium hydro.xide solution to 
maintain the pH at 9. After one hour of stirring, 


the product was isolated and puHfied by washing 
with water and acetone Analyses, yields, and colors 
of the various chelates are shown in Table I. In 
no case did any of the chelates melt under 300°. 

Determination of Blood Sugar Levels. — Normal 
blood sugar levels were determined in rabbits 
fasted for twelve hours prior to injection of the 
chelates or parent compounds. The sample for in- 
jection was passed through a No. 100 sieve and 
suspended in 3 ml. of water with the aid of a small 
quantity of sodium lauryl sulfate. The chelates 
were injected by the intraperitoneal route due to 
their poor solubility in water. After injection, 
blood samples were taken at one-half- to one-hour 
intervals, and the sugar content determined by the 
standard Micro-Folin-Wu method using a Bausch 
and Lorab “Spectronic 20” spectrophotometer. 
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Determination of the Effect of the 
Hydrophil-Lipophil Balance on 
Drug Release from Bases by an 
In Vitro Colorimetric Method* 


By ROGER Y. SPITTLE and CHARLES W. HARTMAN 

Semisolid bases ■were prepared from liquid petro'"' — V riouS 

emulsifying agents were added to produce a specific ■ ■■■ ' ■ ee in 

the bases. A water-soluble dye 'was added to each ba; . ' -v ■ ■■ ■ into 

water was measured by a colorimetric method. The data obtained indicates that 
the HLB value of a base influences the rate of drug release from the base. The im- 
portance of surface area and drug concentration is demonstrated and other factors 
that probably influence drug release are suggested. 


A/Tany investigations have been conducted 
concerning drug release from ointment and 
suppository bases and the effect of the base on the 
therapeutic action of the ointment or suppositorj’- 
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(1 9). The incorporation of emulsifj'ing agents 
into ointment bases has been shown to have a 
definite influence on drug release (5, 7, 10, 11). 

Hartman and LaRocca (6) found, using a 
colorimetric test for dye release from suppository 
bases, that emulsifying agents slightly increased 
the dye release. This was demonstrated by 
TOiitworth (7) using a colorimetric method in 
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Table I — ^Analyses of the Metal Chelates” 


Chelate 

Formula 


c, % 

II, % 

Cu, % 

% 

Yield 

Color 

6,7-Dimethyl-9-(2'- 

C„Hi2NjO,Cu +OH - -HiO 

Calcd 

41 83 

4 

51 

15 80 

4 8 


hydroxycthyl)- 
isoalloxazinc, Cu 


Found 

42 64 

5 

67 

12 94 

e 

87 

Brown 

6,7-Dichloro-9-(2'- 

Ci2H6CbNxO,Cu +014 - • FLO 

Calcd 

33 93 

2 

38 

14 96 

4 3 



hydroxy ethyl )- 
isoalloxazinc, Cu 


Found 

33 60 

3 

49 

14 14 

4 4 

80 

Green 

Thiosemicarbazone 

CislI.iNiOjSCuj 4H.0 

Calcd 

32 60 

3 

46 

23 0 

13 0 



of 6,7-dimethyI- 
9-formylmethyI- 
isoalloxazine, Cuz 


Found 

32 26 

5 

07 

21 8 

12 2 

50 

Green 

2-Amino-4,5- 

CinFI.sN.OCu+CI- HoO 

Calcd 

40 55 

5 

78 

21 45 

6 1 



dimcthyl-N-(2'- 
hydroxy ethyl )- 
aniline, Cu 


Found 

40 00 

4 

43 

22 80 

5 8 

34 

Green 

2-Amino-4,5- 

C,H9Cl:NoOCu+CI--ir20 

Calcd 

28 79 

3 

19 

18 86 

5 4 



dichloro-N-(2'- 
liydroryethyl)- 
anihne, Cu 


Found 

28 87 

1 

94 

18 60 

6 5 

73 

Purple 


o The carbon-hydrogen analyses were determined by Wedcr and Strauss, Oxford, England The copper analyses were con- 
ducted by a standard ashing procedure The chelates were dried tn vacuo at 100° before analysis for carbon and hydrogen 
This quantity is the loss of weight on dehydration at 250® for two hours. 

® This compound gradually darkened during dehydration 


Table II — Blood Sugar Determinations or 
Metal Ciielaifs in Rabbits'* 


Increase in Blood Sugar Level, 
mg % 

* Time, hr * 


Compound 

■/! 

1 

2 

3 

Alloxan*' 

15 

48 

4 


6,7-Diinethyl-9-( 1-D- 
ribityl)-II,° Co*' 

23 

72 

50 

— 5 

6,7-Dichloro-9-( 1 -d- 
sorbityl)-!!, Co*' 

60 

no 

130 

125 

6,7-Dinietliyl-9-(2'- 
liydroxyethyl)-!!, Cu 

0 

-15 

-10 


0,7-Dichloro-9-(2'- 
hydroxyethyl)-!!, Cu 

57 

85 

80 

37 

6,7-Dimethyl-9-formyl- 
methy 1- 1 1 -thiosemi- 
carbazonc, Cu 2 

0 

0 

-3 


2-.'Vmino-4,5-dimeth}d- 
N-( 2'-hydroxy ethyl )- 
I, Cu 

0 

— 7 

-11 

-13 

2- Amino-4, 5-dichloro- 
N-(2'-hydroxyethyl)- 
I, Cu 

70 

75 

100 

30 


o The mode of administration in all cases was intrapen- 
toneal, and the dosage 20 mg /Kg In all cases the non- 
chelated compounds produced no change in the blood sugar 
level in rabbits 

Inserted as comparison compounds (7) 
c I = aniline, II = isoalloxazme 

EXPERIMENTAL 

The melting points were taken on a Fisher-Johns 
bloek and are recorded as read The elemental 
analyses were carried out at the Weiler and Strauss 
Microanalytical Laboratory, Oxford, England 
2 - Amino - 4,5 - dichloro - N - (2' - hydroxyethyl) 
-aniline. — A solution of 5 0 Gm (0 02 mole) of 2- 

nitro-4,5-dichloro-N-(2'-hydroxyethyl)-aniline (3) 
and 150 ml of ethanol was obtained with the aid 
of heat One-tenth gram of platinum oxide (Adam’s 
catalyst, American Platinum Works) was added to 
the alcoholic solution and the solution was reduced 
in a Paar hydrogenator at 40 p s i The reduction 
required about thirty minutes The catalyst was 
removed by filtration and the alcohol was removed 


from the filtrate by vacuum distillation. Reciys- 
tallization of the product from water produced 

3 5 Gm (80% yield) of 2-amino-4,5-dichloro-N- 
(2'-hydroxyethyI)-aniline as purple needles, m p 
128 5-130°. 

Anoh— Calcd for C.HioCbNiO: C, 43 43; H, 

4 55 Found: C, 43 61; H, 4 68 

2 - Nitro .- 4,5 - dimethyl - N - (2'-hydro3fyethyl)- r- 
aniline. — A solution of 3 0 Gm (0 01 mole) of 
4-chloro-5-nitro-o-xylene (11) uhich contained an 
excess of 2-aminoethanol (5 0 Gm.) was refluxed 
in 100 ml. of pyridine for seventy-two hours The 
pyridine xvas removed by heating under reduced 
pressure and the resulting solid was recry stallized 
from an ethanol xvater methanol mixture (4 4'2) 

A yield of 1.7 Gm (52%) of 2-nitro-4,5-dimeth5l- 
N-(2'-hydroxyethyI)-aniline xvas obtained as red 
needles xvhich melted at 195-197°. 

Anal— Calcd for CjoHhNjOj: C, 57 14; H, 6 71 
Found: C, 56 86; H, 6 66. 

2 - Amino - 4,5 - dimethyl - N- ( 2 '-hydroxyethyl)- 
aniline. — 2 - Nitro - 4,5 - dimethyl - N - ( 2 -hydroxy- 
ethyl)-aniline xvas reduced in the manner de- 
scribed for 2-amino-4.5-dichloro-N-(2 -hydroxj- 
ethyl)-aniline Recrystallization of the product 
from a 50% ethanol : xvater mixture gave a 66% 

yield of 2-amino-4,5-dimeth3d-N-(2'-hydro\yetli}l)- 

aniline as purple platelets; m. p 160° (decompn ) 
Anal— CaJed for CioHieNjO: C, 66 64, H, 

8 95 Found: C, 67 28, H, 9 06. 

6,7 - Dimethyl - 9 - (2' - hydroxyethyl) - 'so- 
alloxazine and Thiosemicarbazone. — ^These com- 
pounds were prepared from 6,7-dimethyl-9-fonnyl" ^ 
methyhsoalloxazme hydrate according to the 
procedure reported by Fall and Petering (2) 

6,7 - Dichloro - 9 - (2 '-hydroxy ethyl) - isoallox- 
azine. — This compound xvas prepared by modifica- 
tion of the methods of Barloxv (3) and Holly. 
ei al (12). A hydrogenated solution of 12 8 Gm 

(0 05 mole) of 2-nitro-4,5-dichloro-N-(2'-hydrox>- 

ethyl)-aniline (3) xvas filtered into a suspension o 
14 8 Gm (0 09 mole) of alloxan monohydrate and 
33 6 Gm. (0 04 mole) of boric acid in 600 ml of 
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acetic acid. The mixture was stirred iutermittently 
at room temperature for three days and then filtered. 
The filtrate was evaporated to dryness in vacuo. 
The solid material obtained upon filtration and 
evaporation was suspended in boiling water to re- 
move the boric acid. The solid remaining ivas 
collected and recrystallized from ethylene glycol. 
The green amorphous solid was washed with water 
and dried in vacuo. The yield was 11.9 Gm. (65%). 

Preparation of the Metal Chelates. — The copper 
chelates of 6,7-dichloro, and 6,7-diniethyl-9-(2'- 
hydroxyethyl)-isoalloxazine as well as the thio- 
semicarbazone derivative were prepared by the 
same procedure. 

To a mixture of the isoalloxazine (0 03 mole) in 
hot ethylene glycol was added sufficient 10% sodium 
hydroxide solution to dissolve the isoalloxazine. 
An aqueous solution of anhydrous cupric chloride 
(0.03 mole) was added slowly to the stirred solution 
along ivith sufficient 10% sodium hydroxide solution 
to maintain a pH of 9. After thirty minutes of 
further stirring, the solid which formed was collected 
and washed with water and acetone Analyses, 
yields, and colors of the various chelates are shown 
in Table I. 

The copper chelates of 2-amino-4,5-dichIoro and 
2-amino-4,5-dimethyl- N - (2' - hydroxyethyl ) - aniline 
were prepared by dissolving 0.005 mole of each in 
100 ml of a 50% ethanol ■ water mixture. Suffi- 
cient 10% sodium hydroxide solution was added to 
bring the pH to 9. An aqueous solution of 0.85 Gm 
(0.006 mole) of anhydrous cupric chloride was then 
added slowly over a period of ten minutes, along 
with sufficient 10% sodium hydroxide solution to 
maintain the pH at 9. After one hour of stirring. 


the product was isolated and purified by washing 
rvith water and acetone Analyses, yields, and colors 
of the various chelates are shown in Table I. In 
no case did any of the chelates melt under 300°. 

Determination of Blood Sugar Levels. — Normal 
blood sugar levels were determined in rabbits 
fasted for twelve hours prior to injection of the 
chelates or parent compounds. The sample for in- 
jection was passed through a No. 100 sieve and 
suspended in 3 ml. of water with the aid of a small 
quantity of sodium lauryl sulfate. The chelates 
were injected by the intraperitoneal route due to 
their poor solubility in water. After injection, 
blood samples were taken at one-half- to one-hour 
intervals, and the sugar content determined by the 
standard Micro-Folin-Wu method using a Bausch 
and Lomb "Spectronic 20” spectrophotometer. 
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Determination of the Effect of the 
Hydrophil-Lipophil Balance on 
Drug Release from Bases by an 
In Vitro Colorimetric Method* 

By ROGER Y. SPITTLE and CHARLES W. HARTMAN 

Semisolid bases were prepared from liquid petrolatum and paraffin. Various 
emulsifying agents were added to produce a specific hydrophil-lipophil balance in 
the bases. A water-soluble dye was added to each base and its rate of diffusion into 
water was measured by a colorimetric method. The data obtained indicates that 
the HLB value of a base influences the rate of drug release from the base. The im- 
portance of surface area and drug concentration is demonstrated and other factors 
that probably influence drug release are suggested. 


jyjANY INVESTIGATIONS have been conducted 
concerning drug release from ointment and 
suppository bases and the effect of the base on the 
therapeutic action of the ointment or suppository 
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(1-9). The incorporation of emulsifying agents 
into ointment bases has been shown to have a 
definite influence on drug release (5, 7, 10, 11). 

Hartman and LaRocca (G) found, using a 
colorimetric test for dye release from suppository 
bases, that emulsifjnng agents slightly increased 
the dye release. This was demonstrated by 
Wliitworth (7) using a colorimetric method in 
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conjunction with an in vivo study of suppositories 
with rabbits. 

Rhyne and co-workers (5), using a bacteriolog- 
ical assay method, found that various HLB 
in factors ointment bases gave different degrees of 
inhibition activity. This variation of inhibition 
with HLB was also found to be dependent on the 
physico-chemical properties of the antibiotic or 
antiseptic used. 

A variation of HLB value within an ointment 
or suppository base should, upon administration, 
give a corresponding variation in the release of 
medicament from the base. At least part of the 
base should be emulsified with tissue fluids and 
cause a greater absorption of the drug. 

The effects of nonionic emulsifying agents on 
the release of medication from hydrophillic oint- 
ment bases were tested by the agar plate method 
(12) and optimum release of medicament was 
obtained when the surfactant was employed in a 
1 per cent concentration. These authors con- 
cluded that an increase in the surfactant concen- 
tration caused a decrease in the release of medica- 
tion. 

The purpose of this experiment was to deter- 
mine, by an in vitro colorimetric method, the 
effect of the HLB on the release of a water-soluble 
dye from various bases. These bases were com- 
posed of mineral oil ; paraffin ; and 10 per cent, 
by weight, of several emulsifjdng agents having 
different HLB values. No attempt has been 
made to prepare ointment or suppository bases 
with physical properties or appearance accept- 
able for commercial use. However, efforts have 
been made to control those properties having an 
influence on drug release. The consistency of the 
bases was similar to the consistency of supposi- 
tories because it was hoped to compare work in 
the present studies with that from in vivo studies 
of suppositories using the same base. 

EXPERIMENTAL 

Preparation of Bases. — The bases were composed 
of liquid petrolatum; paraffin; and 10%, by weight, 
of emulsifying agents. The emulsifying agents 
were the same as those used by Rh 3 me and Hartman 
(5) with the HLB values varying from 1.8 to 17.9. 
The consistenej" of the bases was adjusted by vary- 
ing the per cent of paraffin and liquid petrolatum. 
All bases were prepared by fusion. 

Two per eent amaranth water-soluble dye (FD&C 
Red No. 2) was added to the various bases by fusion. 
As shown in Fig. 2 this eoncentration showed a grad- 
ual release of the dye over a fifteen-minute period. 

Colorimetric Method of Measuring Dye Release 
from Bases. — Fifteen milligrams of the base con- 
taining the dye was accurately weighed using an 
analytical balance and spread in a circle 1.0 cm. in 
diameter on 1.5 by 3.5 cm. strips of Whatman filter 
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Fig. 1. — Per cent transmission of dye solution 
after release of dye from a base having an HLB 
value of 17,9, spread on different surface areas. 
Each base contained 10% of the emulsifying agent. 
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Fig. 2. — Per cent transmission of dj’e solutions af- 
ter release of dye from a base with an HLB value of 
10.5 containing different concentrations of dye. 

2% dye, 4% dye, 6% dye, 

8% dye, 10% dye. 



Fig. 3. — Per cent transmission of dye solutions af- 
ter release of dye from bases having different HLh 

values. Per cent transmission after three 

minutes, per cent transmission after five min- 
utes, per cent transmission after ten minutes. 


paper. No. 5. As shown in Fig. 1 the best ointraffit 
base diameter for the analy-tical procedure was L 
cm. By- use of a No. 5 cork holding a small loope 
Avire, the paper could be suspended in 18 cc. of water 
in a 19 by 105 mm. colorimeter tube. The paper 
did not contact the sides of the tube or the stopper, 
and was suspended slightly above the light pat . 
The determination of the release of the dye from t e 
bases tvas accomplished by measuring the per cen 
transmission of the solution on a Coleman junior 
spectrophotometer, model 6A. The per cent 
mission readings on the colorimeter tvere made at 
definite time intervals after the base, on the papet 
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Table I. — ^Per Cent Transmission of Solutions of Dye Released fro;m Bases with an HLB Value 

OF 17.9“ 


Emulsifying 
Agent, % 

' 05 

1 

1 0 

2 

-Time in Mi 
3 

mutes 

5 

7 

10 

15 

1 

99 4 

98 6 

98 6 

98 6 

98 4 

98 0 

97 4 

96 5 

95 6 

10 

98 4 

97 0 

96 5 

96 0 

95 0 

93 4 

92 6 

92 0 

91 0 

20 

97 5 

96 4 

95 6 

95 4 

94 6 

93 0 

92 6 

92 0 

91 0 

30 

97 0 

96 5 

96 0 

95 4 

94 6 

93 6 

92 6 

91 6 

91 5 

40 

97 0 

96 4 

95 5 

95 5 

94 4 

93 4 

92 0 

90 4 

87 4 

50 

96 6 

96 0 

95 4 

94 6 

94 0 

92 0 

89 6 

87 6 

84 5 


o Surface area I 0 cm , 2% dye 


strip, came into contact with the distilled water in 
the colorimeter tubes The time intervals at which 
readings were made are shown in Figs 1, 2, and 3 
The water had been placed in the colorimeter tubes 
prior to immersing the paper strips and iras main- 
tained at a temperature of 30° in a constant temper- 
ature bath until readings on the colorimeter were 
begun A control base consisting of petrolatum 
only and 2% dye ivas treated in exactly the same 
manner This control is recorded as an HLB base 
with a value of 0 

Figure 3 shows the per cent transmission of the 
dye solutions at three, five, and ten-minute intervals 
for the bases tested 

To determine the effect of a change in the con- 
centration of the emulsifying agent bases were pre- 
pared containing 1, 10, 20, 30, 40, and 50% emulsi- 
fying agent with an HLB value of 17 9 and con- 
taining 2% dye The results are given in Table I 

• DISCUSSION OF RESULTS 

Effect of HLB on Dye Release. — Results of the 
present work indicate a definite effect of the HLB 
factor on the release of medicament from bases As 
shoivn in Fig 3, with a variation of the HLB value, 
a change in the rate of release of the water-soluble 
dye was e.xhibited The greatest rate of release of 
dye was observed at an HLB of 6 7 and 13 3 In 
general, the bases with lower HLB values gave a 
lesser rate of dye release than those with higher HLB 
values 

Petrolatum bases with no emulsifying agent gave 
very little dye release This seems logical since 
their HLB values w’ould be near zero 

The results found by the present colorimetric 
method using a water-soluble dye are in partial 
agreement with those found by Rhyne and Hartman 
(5) In their bacterial inhibition studies of oint- 
ment bases having different HLB values they found 
that neomycin sulfate, a water-soluble antibiotic, 
showed greater inhibition of bacteria in the bases 
with higher HLB values 


It is possible that several factors pla}-^ an impor- 
tant part in the effect the HLB xmlue has on drug 
release from a base Three of these may be: the 
emulsification of the base with the body fluids, the 
distribution coefficient of the drug between the base 
and body fluids, and the intermolecular reaction 
between tiie drug and the surfactant 

Further studies using dyes less soluble in water 
should show, to some extent, the effect of drug solu- 
bility on release 


CONCLUSIONS 


1 The HLB value of a base has a definite in- 
fluence on the rate of release of medicament from 
the base 

2 The surface area of the base is a significant 
factor in the rate of drug release from bases 

3 The concentration of the drug in the base is 
of prime importance in the rate of release of the 
medicament from the base. 

4 An increase in the concentration of the 
emulsifying agent in the base increases the rate 
of release of a water-soluble drug 
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Steroids I* 

Synthesis of Steroid Nitrogen Mustards 

By ROBERT E. HAVRANEKf and NORMAN J. DOORENBOS 


The synthesis of the steroid nitrogen mus- 
tards, 3a-(2-chloroethylamino)cholestane 
hydrochloride and 3^-(2-chloroethylamino)- 
cholestane hydrochloride, and their inter- 
mediates, 3a-(2-hydroxyethylamino)chol- 
estane and 3P-(2-hydroxyethylamino)chol- 
estane are described. These compounds 
were inactive in tumor tests administered by 
the National Serivce Center for Cancer 
Chemotherapy. 


/^ANCER, which killed 2.5.5,000 Americans in 
1958, is receiving more attention today than 
probably any other ciisease Chemotherapy has 
been a useful tool for the treatment of patients 
with inoperable cancer The most useful drugs 
have been metabolic antagonists, alkylating 
agents, and steroids 

In view of these facts, the synthesis of steroid 
alkylating agents for evaluation as cancer chemo- 
therapeutic agents became of interest A search 
of the literature revealed that some steroid 
nitrogen mustard alkylating agents had been 
synthesized These compounds included N,N- 
bis(2 - chloroethjd) - 3 - ammo - 5 - cholestene 
hydrochloride (1), N,N bis(2-chloroeth3’l)-3-ergo- 
sterylamine hydrochloride (2), N,N-bis(2-chlo 
roethyl)-3-stigmasterylamine hydrochloride (3), 
and 3)3 - [bis(2 - chloroethjd)aminoethyl) J - 5 - 
cholestene and its hydrochloride (4) Biological 
data were reported only on the last of these com- 
pounds Toxicity studies of this compound were 
inconclusive because of its low solubilitj’- 

Formerly' it was thought that a nitrogen 
mustard must have at least two reactive moieties 
per molecule for activity (5, 6) It was postu- 
lated that the nitrogen mustard must be capable 
of forming a cross link between two essential pro- 
tein molecules, or between two portions of the 
same molecule Recent facts, however, have 
demonstrated that monofunctional nitrogen mus- 
tards are useful in the treatment of cancer, al- 
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though they are not nearly as active Bond (7) 
has stated that the monofunctional nitrogen 
mustards should receive further study since they 
may have a better therapeutic index 



3/3-(2-Cliloroethjdamino)cholestane H 5 'drodionde 

The synthesis of nitrogen mustard derivatives 
of the 3-aminocholestanes with one reactive 
moiety’ per molecule was chosen for this invest! 
gation 

The 3-aminocliolestanes were prepared from, 
3-cliolestanone oxime using the stereospecific 
methods of reduction developed by Shoppee 
Reduction with sodium and ethanol yielded 3^- 
aminocholestane (8, 9) Reduction by hj’drogen 
in glacial acetic acid with a platinum catalyst 
y’iclded So'-aminocholestane (10) 

Pure samples of these amines were obtained 
only in small yield after long purification pro 
cedures including recrystallization and chroma- 
tography Shoppee iiad similar difficulties (11) 
Probably' these amines form intermolecular com- 
plexes with steroid impurities which are difficult 
to separate Such complexes have been observed 
frequently' with steroid alcohols For these 
reasons, the impure amines were used in the ne-vt 
synthetic step The products proved to be much 
easier to purify' 

3|8'Aminocliolestane was condensed with -- 
chloroethanol in the presence of sodium carbonate 

to yield 3/3-(2-hy'droxyethy'Iamino)cholestane 3 

a-(2-Hy'droxy'ethy'Iamino)choIestane was pre 
pared by' condensation with the more reactive 
reagent, 2-bromoethanoI The nitrogen mustar 
derivatives were prepared by the reaction o 
thionyl chloride with these alcohols Infrare 
spectra were used as an aid in the identification o 
these compounds 

3-Cholestanone oxime, the 3 -aminocholestanes, 
and the four new steroids were submitted to t e 
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National Service Center for Cancer Chemo- 
therapy for tumor screening. None showed 
activity. 

EXPERIMENTAL! 

33 - (2 - Hydroxyethylamino)cholestane. — In a 
2-L , three-necked flask, fitted with a stirrer, con- 
denser, dropping funnel, and electric heating mantle, 
was placed 20 Gm (0 051 mole) of 3j3-ammocholes- 
tane dissolved m 400 cc of purified benzene and 53 
Gm (0 5 mole) of anhydrous sodium carbonate 

The mixture was heated to reflux with rapid 
stirring and 40 Gm (0 5 mole) of 2-chloroethanol 
added m four 10-Gm portions during the first 
three hours of the reaction period Refluxing was 
continued for ten hours more, the mixture cooled, 
and the sodium carbonate-sodium chloride precipi- 
tate filtered Benzene was removed, under reduced 
pressure, with a Borg revolving evaporator The 
warm residue was spraj’ed with ether and a white 
precipitate of 3fl-(2-hydrQxyethylamino)cholestane 
formed The precipitate was filtered Later 12 
Gm of unreacted Sfl-ammocholestane was recovered 
from the ether solution 

The precipitate was dissolved m hot absolute 
ethanol and simultaneously treated with potassium 
carbonate and charcoal The solution was filtered 
hot and the ethanol removed under reduced pres- 
sure The residue was recrystaUized from 4 1 
acetone-ethanol Cooling by refrigeration for a 
I period of ten hours yielded 5 0 Gm (54 9%) of 
\ v,iute well-formed needles (yield was calculated on 
She basis of the starting material not recovered), 
m p 172 5-173 5°, [arif -f- 20'’ ± 0 1” (1% m 
chloroform) 

4«al~Calcd for CjsHsjNO C, 80 68, H, 
12 38, N, 3 25 Found C, 80 64, H. 12 24, 
N,317 

3a - (2 - Hydroxyethylammo)cholestane. — 3a- 
(2 Hydroxyethylammo)cholestane was prepared 
from 20 Gra (0 051 mole) of 3a ammocholestane 
and 7 Gm (0 056 mole) of 2-bromoethanol by a mod- 
ification of the method used to prepare 3fl (2-hy- 
droxyethylamino)chalestane Absolute ethanol w as 
used as the reaction solvent m place of benzene 

The purification procedure was the same as for 
tlieSflepimer 

UecrystaUization of the product from 4 1 acetone- 
ethanol yielded 9 0 Gm (42 8%) of white platelets, 
m p 113 6-114 4°, [ar„‘ 24 5° ± 0 1” (1% in 

chloroform) 


1 The melting points are corrected 


.djia/— Calcd for C-sHsiNO. C, 80 68, H, 
12 38, N, 3 25 Found: C, 80 83, H, 12 66, 
N,317 

- (2 - Chloroethylamiiio)cholestane hydro- 
chloride. — 3j3 - (2 - Hyclroxyeth>Iammo)cholestane 
(3 0 Gm , 0 0069 mole) and 100 cc of freshly distilled 
benzene w ere placed m a 400 cc , two-necked flask 
fitted with a condenser and heating mantle The 
mixture was heated to dissolve the reagent and 3 0 
Gm (0 02 mole) of thionyl chloride was added 

A precipitate immediately formed which was 
probably the benzene-insoluble amine hydro- 
chloride salt The mixture was refluxed one hour, 
cooled, and the excess thionyl chloride and benzene 
removed under reduced pressure m a Borg revolving 
vacuum evaporator 

The residue was dissolved m hot absolute ethanol 
and treated with 6 Gm of Nuchar to remove the 
deep orange color Subsequent filtration of the hot 
solution produced a clear, colorless solution that 
deposited colorless, fine needles on cooling with 
refrigeration Successive concentrations of the 
mother liquor yielded more product to make a total 
yieldofl7Gm (57%), m p. above 300,° decompn 

Anal—Calcd tor GisHsjCIjN C, 7157, H, 
10 98, total Cl. 14 67 Found C, 7148, H, 
10 74, total Cl. 14 30 

3a - (2 - Chloroethylammo)cholestane hydro- 
chloride. — 3a-(2 Chloroethylamino)cholestane hy- 
drochloride was prepared from 2 0 Gra (0 0046 mole) 
of 3a (2-hydroxyethylamino)eholestane and 2 0 
Gm (0 13 mole) of thionyl chlonde by the same 
procedure described for the sjmthesis of 3 lS-(2-chloro- 
ethylammo)cholestane hydrochloride White need- 
les were obtained in a total yield of 1 25 Gm (63%), 
m p above 300°, decompn 

Calcd for QisHsiChN C. 7157, H, 

10 98, total Cl, 14 57 Found C, 7154, H, 

11 26. total Cl, 14 40 

references 

(!> Haz€Q G P , Dtsserlaiton Abstr , 1950, 449 

(2) British Fmpire Cancer Campaign, Annual Report, 
195G 

(3) Vavasour G R , Bolker, H 1 , and McKaj , A F , 
Cau J C/ietft , 30, 993(1952) 

(4) Gensler, W J , and Sherman, G Org Cftem, 23, 

1227(1958) 

(5) Philips, F S First Symposium on Chemical Biologi- 
cal Correlation, National Academy of Sciences— National 
Research Council. Washington, D O 1951, p 409 

(6) Ishidate, M , Current Research in Cancer Chemo 
therapy. No 6, 1956 

{7> Personal communication 

(8) HaTfroth, R D , and Dodgson, DP,/ Cftem Soc , 
1952, 67 

(n) Shoppee C W , Evans, D E , Richards H C , and 
Summers G H , C/i«m hid , 1954, 1535 

(10) Shoppee, C W , Evans D E , Richards, H C , and 
Summers, G H , / Cheni Soc , 1956, 1G49 

(11) Personal communication 



Notes 


A Note on the Inverse Isotope Dilution Analysis of Salicylic Acid* 


By C. E. BRECKINRIDGE, Jr., and J. E. CHRISTIAN 


U SING THE LABELED derivative method of inverse 
isotope dilution, a procedure has been de- 
veloped for the analysis of salicylic acid in submilli- 
gram quantities. A spectrophotometric method 
was utilized for the determination of the weight of 
the derivative. The sensitivity of three different 
methods of determining the radioactivitj’ of I'*‘ 
samples was investigated to determine the best 
counting procedure. Using equal aliquots of an I'^' 
solution, a 2.5 nig./cm.® window Gciger-Mucllcr 
counter showed a net activity of 1,385 counts per 
minute. A one inch Nal crj-stal scintillation 
counter registered a net of 31,800 while a liquid 
scintillation spectrometer’ yielded a net rate of 
88,550 counts per minute. Thus the liquid scintilla- 
tion spectrometer was adopted for use in this work. 

Radioactive iodine monoeholoride (the reagent) 
was prepared as described bj' Swartz and Christian 
(1) with the e.vception that 20 me. of I'” in the form 
of Nal”" in basic NajSOs was used, and only one 
distillation to complete dryness tvas carried out. 
These changes were made to increase tlie concentra- 
tion and the specific activity of the product. 

Samples of salicylic acid to be analyzed were pre- 
pared bj’ dissolving a known iveight of salicylic acid 
in glacial acetic acid. Appropriate aliquots of this 
solution containing the quantity of salicylic acid 
to be analyzed were placed in 7 cm. X 1 cm. test 
tubes and 1 ml. of the labeled reagent containing 
425 mg. ICl was added. Since the quantities ana- 
lyzed were 10 meg. and 1 meg., this represented a 
definite excess of ICl. The solution in the test tubes 
was heated in a water bath for twentj' minutes at 
70 to 80° with intermittent agitation by shaking. A 
known weight (2 mg.) of carrier (nonradioactive 
3,5-diiodosalicylic acid) was then added. Heat was 
applied for five minutes to insure complete solution 
and intimate mi.xing. The solution was cooled to 
50° and the derivative precipitated by adding dis- 
tilled water dropwise. The mixture was digested 
at 40 to 50° for five minutes, then cooled to room 
temperature. The test tubes were placed in a centri- 
fuge for five minutes, after which the supernatant 
liquid was discarded. The precipitate was washed 
with distilled water twice, dried, and co'stallizcd 
from glacial acetic acid. The centrifuge was em- 
ployed after each step. The crystals were washed 
with distilled water, dried, and dissolved in appro.xi- 
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1 Packard Tri Carb liquid scintillation spectrometer. 


Table I. — Results of Analyses of Salicylic 
Acid in 10 mcg. and 1 mcg. Amounts 


Salicylic 

Final Sp. A 

Wt. of 


Acid 

of 3,5-diiodo- 

Salicylic acid 


Analyzed, Of b 

salicylic acid. 

by analysis, c 

Error, 

mcg. 

c. p. m-/mg. 

mcg. 

% 

30 

6.777 X 10” 

9.1 

9 

10 

6.533 X 10” 

8.8 

12 

10 

7.921 X 10” 

10.7 

■ 7 

10 

6.605 X 10’ 

8.9 

u 

10 

6.633 X 10” 

8.8 

12 

10 

6.457 X 10” 

8.7 

13 

1 

6 088 X 10” 

0.81 

19 

1 

6.752 X 10” 

0.90 

10 

1 

6.592 X 10” 

0.88 

12 

1 

6.672 X 10” 

0,89 

11 

1 

5.769 X 10” 

0.77 

23 

1 

6.088 X 10” 

0.81 

19 


n* It In each analysis, 2 mg. of carrier (3,5-diiodosalicylic 
acid) was added and the initial specific activity of the deriva- 
tive <vas 5.323 X 10* counts per minute per mg. 
c Calculated using the equation: 


wt. 


r 138.12 

■ SpAt - SpAf 389.94 


where: Cs = weight of carrier added, SpAf = specific ac* 
tivity of the carrier-diluted derivative, SpAi » speah^ 
activity of the derivative as calculated from the specific 
activity of the reagent, 138.12 — the molecular weight el 
salicyllcacid, 389.94 * the molecular weight of 3,5.dliodosaI. 
icylic acid 


inatcly 3 ml. of ethj l alcohol. Exactlj'3 ml. of tlic 
resulting solution was pipetted into a quartz cuvet 
and the concentration of the solution was deter- 
mined, using the Beckman DU spectrophotometer. 
A spectral-concentration curve for 3,5-diiodosalicyIic 
acid was previously prepared at 328 mp, the poiat 
of maximum absorbance. The samples were tliea 
transferred quantitatively to20-ml. Wheaton vials 
using the phosphor solution for rinsing. Sufficien 
phosphor solution was added to give approximatel) 
18 ml. and the activitv was determined by litji”“ 
scintillation (Tri-Carb). The activity of the reagent 
was determined at this time using the same pro- 
cedure. Toluene was used as the solvent, ' 
Gm. per liter) as the phosphor, and POPUP { 
Gm. per liter) as the wavelength shifter in tie 
preparation of the phosphor solution. The resu s 
obtained at the 10 mcg. and 1 mcg. levels using t us 
procedure appear in Table I. As little ns 
amounts of salicjdic acid were determined "iti a ^ 
average error of 15.7%. 
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A Note on the Preparation of l-(3,4-Dihydroxyphenyl)-2-methylamino- 
ethane Sulfonic Acid from Epinephrine* 

By LOUIS C. SCHROETERf and TAKERU HIGUCHI 


K inetic studies (1, 2, 3) indicated that epin- 
ephrine reacts with sodium bisulfite or sulfite 
solution to yield a zwitter-ionic sulfonate; 



The preparative value of this reaction and compre- 
hensive physical constants of the product and its 
acetyl derivative have not been previously reported. 

EXPERIMENTAL 

Epinephrine hydrochloride, 0.025 mole (5 492 
Gra.) and sodium bisulfite, 0.025 mole (2.602 Gm ) 
were dissolved in about 50 ml. distilled water; 
the pH was adjusted to 6.8 by the addition of 
\ standard sodium hydroxide. The solution was 
^'introduced into a three-necked flask fitted ivith a 
dropping funnel, reflux condenser, and a tube for 
flushing the solution with nitrogen. The reaction 
mixture (ca. 80 ml.) was refluxed for six hours while 
keeping it flushed with nitrogen. Standard hydro- 
chloric acid (1 iV^) was added periodically to maintain 
pH range 6.7 to 6.9. After refluxing, excess water 
{ca. 65 ml.) was distilled from the solution. The 
white crystalline precipitate which separated on 
cooling the solution was recrystallized from 1 N 
hydrochloric acid and tivice from distilled water 
Yield; 5.28 Gm. (85.5%). 

4«a/.— Calcd. for CsH^NOsS; C, 43.71; H, 
5.29; H, 5.66; O, 32.36: S, 12.97. Found: C, 
43.72; H, 5.79; N, 5.50; O, 31.90; S. 13.05. 
The product melted ivith decomposition at 263“ 
(Kofler hot stage) and exhibited the following 
optical crystallographic properties; system, ortho- 
rhombic; class, dipyramidal; refractive indexes, 
a — 1.544, = 1.660, y = 1.696; optic sign, 

negative; 2V = 55° (calculated from «, fi, and y). 
X-ray powder diffraction data shown in Table I 
were obtained using copper radiation with a nickel 
filter (1.5405 Angstroms). The pKa determined in 
water was 8.95. Ultraviolet spectrum in water 
shows maxima at 228 and 278 rap; ej;, == 6,650, 
( e;s = 2,850. 

^ c ^"^.^’^■®‘®''®*05OTE6nyl)-2-methylamraoethane 
\ “'^Ifonic Acid. — ^Acetylation of l-(3,4-dihydroxy- 


O'^eemher 7, igso, f.om the School of Phai 
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watones^, The Upjohn Co., Kalamazoo, Mich 
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phenyl)-2-methylatninoethane sulfonic acid was ac- 
complished by suspending 2 mM (495 mg.) of the 
latter in 3.0 ml. glacial acetic acid. Two milliliters 
acetic anhydride and two drops concentrated 
hj'drochloric acid were added to the solution and 
the latter refluxed for about twenty minutes. 
The white crystalline precipitate which separated on 
cooling the solution was recrystallized from glacial 
aceticacid Yield" 413 mg. (62.5%). 


Table I. — X-Ray Powder Diffraction Data 
1-(3,4-Dihydroxyfhenyl)-2-Methylaminoethane 
Sulfonic Acid 


d, A 

I/Ti 

d, A 

I/I. 

8 34 

0 43 

3.64 

0.32 

7.40 

0.48 

3.62 

0.26 

6.18 

0.90 

3.40 

1 00 

5.58 

0.85 

3 33 

0 34 

5.29 

0.87 

3.21 

0 46 

4.69 

0.35 

3.09 

0 29 

4.58 

0.33 

2,81 

0 58 

4.32 

0 60 

2.65 

0.39 

4.17 

0.41 

2.44 

0 34 

4 01 

0.82 

2.24 

0.31 

3.75 

0.83 

•• 



Table 11. — X-Ray Powder Diffraction Data 
1-(3,4-Diacetoxyphenvl)-2-methylaminoethane 
Sulfonic Acid 


d, A 

I/I. 

d, A 

I/I. 

15,22 

0.85 

4.73 

0.68 

9 28 

0.77 

4.59 

0.43 

7,48 

0 76 

4.27 

0 63 

6.23 

1.00 

3 01 

0,64 

5.83 

0.81 

3 75 

0 76 

5.47 

0 55 

3 53 

0 55 

5,04 

0 91 

3 36 

0 39 

4.90 

0.56 

3 13 

0 38 



3 06 

0 47 


Ajial.—Calcd. for CwHjrNOjS; C, 47.13; H, 
5.13; N, 4.23; 0, 33.80; S, 9.68. Found; C, 
47.21; H, 5.16; N.3.93 : 0,33.67 ; 8,9.48. Acetyl 
determination: theory, 25.98%. Found, 26.74%, 
The derivative meited 212 to 213° (Kofler hot 
stage) and exhibited the following crystallographic 
properties’ system, triclinic; refractive indexes, ot = 
1.480, = 1.502, y = 1.562; optic sign, positive; 

2V = 65° (calculated from a, /3, and 7). X-ray 
powder diffraction data shown in Table II were 
obtained using copper radiation with a nickel 
filter (1.5405 Angstroms) The pKa determined in 
water was 8.30. Ultraviolet spectrum in water 
shows maxima at 263 and 269 mji with a shoulder at 
216 mu: = 8,500, = 411. 
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A Note on the Biosynthesis of Clavine Alkaloids in 
Claviceps purpurea Strain 15 B* 

By L. R. BRADY and V. E. TYLER, Jr. 


The data obtained with a replacement culture 
technique indicate two types of precursors are 
required^ for the formation of the ergoline 
nucleus in ergot strain 15B. L-Tryptophan 
was shown to be the most efficient aromatic 
precursor. _ DL-Phenylalanine and DL-^- 

phenyllactic acid were found to suppress 
alkaloid accumulation. 

I T HAS BEEN ESTABLISHED that different clavine- 
producing strains of Claviceps exhibit different 
physiological responses (1). The two strains* which 
have been characterized in this laboratory show a 
marked contrast in their response to a reduced 
phosphate concentration in the growth medium 
and to additions of sucrose and DL-phenylalanine. 
The biosynthesis of the clavine alkaloids in strain 
47A has been investigated using a replacement cul- 
ture technique (2). It was shown that in this strain 
the ergoline nucleus is formed from two different 
types of precursors; an aromatic nucleus which 
may be derived from phenylalanine, tyrosine, or 
tryptophan, and a compound closely related to 
succinic acid or easily derived from it. 

Since physiological studies had revealed that one 
of the amino acid precursors suppressed alkaloid 
accumulation in strain 15B, it was considered 
desirable to study the biosynthesis of the alkaloids 
in this organism by a replacement culture tech- 
nique. This would separate a suppression resulting 
from gross physiological effects on growth from that 
associated more directly with the biosynthetic 
sequence which terminates with the clavine al- 
kaloids. 


additions to the replacement media and the ava 
alkaloid concentrations of the original growth nii 
and the replacement media are recorded in Tab; 
Pour replicate cultures were employed for f 
addition. 

Paper chromatographic examination of the mi 
indicated agroelavine was the only indole alka 
which was present in detectable quantities, 
the conclusion of the incubation period of the 
placement media, tryptophan was detected in tl 
Cultures to which it had been added; a nona 
loidal indole compound (R/ 0.85) was also obsei 
in the media when this amino acid was presen 
Combination with succinic acid. A detecti 
trace of phenylalanine remained in the medi: 
which it had been added together with the org: 
acid. Tyrosine and phenjdalanine were no loi 
Present in othermedia to which they had been adi 


DISCUSSION 


The data are consistent with the conclusion t 
two types of precursors are involved in the 1 
synthesis of the clavine alkaloids (2). Howe 
in strain 15B DL-phen}’lalanine is not a satisfact 
aromatic precursor, and on an equimolar b: 
L-tryptophan is more efficient than L-tyrosi 
The responses to the additions of the amino ai 
Contrast with those elicited in strain 47A in wl 
Phenylalanine, tyrosine, and tryptophan were 
served to be aroraatic-tj'pe precursors of nei 


equal efficiency. 

The suppression of agroelavine accumulation by 
PL-phenylalanine and DL-/3-phenyllactic acid is e! 


Table I. — Concentration of Clavine Alkaloids in Culture Media 


Replacement Medium 

Growth 

Medium, 

T/ni1-. 

Replacement 

Medium, 

Clavine 
Alkaloids, %, 
Estimated 

Corrected Content 
of Replacement 
Medium, y/ml, 

Mineral Solution plus 

Agroelavine 

Agroelavine 

Factor 

Agroelavine 

DL-Phenylalanine 

96 3 

36.6 

100 

36.6 

No additions 

83.0 

40. 1 

100 

40.1 

DL-Phenylalanine, succinic acid (1) 

114.6 

40.6 

100 

40.6 

Di -Phenylalanine, succinic acid (2) 

155.5 

50.8 

100 

50.8 

L-Tyrosine 

87.1 

56.4 

100 

56.4 

DL-iS-Phenyllactic acid, succinic acid 

126.0 

61.8 

100 

61.8 

Succinic acid 

154.7 

92.3 

100 

92.3 

L-Tyrosine, succinic acid 

166.6 

106.0 

100 

106.0 

L-Tryptophan 

94.0 

257.7 

50 

128.9 

L-Tryptophan, succinic acid 

159.7 

274.2 

50 

137.1 


EXPERIMENTAL 


The ergot strain, strain 15B, which was em- 
ployed in this investigation was isolated by 
Tyler from a sclerotium which had developed on 
Agropyron semicoslalum Nees (3). The experi- 
mental conditions and manipulations have been 
described previously (2). The identity of the 


* Received November IG, 1959, from the Drup Plant 
Laboratory, College of Pharmacy, University of Washing- 
ton, Seattle 5, j * 

Abstracted from a dissertation submitted to the Graduate 
School of the University of Washington by L. R. Brac^ in 
partial fulfillment of the requirements for the degree of Doc- 
tor of Philosophy. . , . i. i, 

» Cultures of these two strains of CJoric £/>5 have been de- 
posited with the Centraalbureau voor Schimmelcultures, 
Baarn, The Netherlands. 


considerable interest. Abe, et al. (4). reporte 
that phenylacetic acid caused a similar retardation 
in the accumulation of clavine alkaloids in replace 
ment culture; the ergot strain employed by tliein 
had also been isolated from an Agropycen ■' 
These observations suggest that phenylalanine an 
certain structurally related compounds act as 
clavine alkaloid antimetabolites in strain 15B. 
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A Note on the Effect of Gibberellic Acid on Azotobacter indicus* 

By LEO GREENBERG and JOHN TIRPAK 


A lthough gibberellins are widely known as 
growth stimulants in higher plants, no effect 
on microorganisms was demonstrated in studies by 
Brian, clal. (1), and Ciferriand Bertossi (2). Inter- 
est in the influence of gibberellins was aroused by the 
report of Lu, et al. (3), that numerous colonies of 
Azolobacler appeared on sodium albuminate agar 
plates upon cultivation of soil treated with ethanolic 
gibberellic acid. In view of the fact that, to the best 
of our knowledge, no laboratory’ study of Azatobacler 
and gibberellins has appeared in the literature, such 
an investigation was undertaken. 

Purified gibberellic acid was obtained commer- 
cially (Sigma Chemical Co.) and Azotobacter species 
purchased from the American Type Culture Collec- 
tion. Preliminary studies showed that only Azoto- 
bacter indicus (ATCC 9540) grew in a diffuse fashion 
throughout the test medium with a minimum of 
pellicle formation or discoloration by pigment forma- 
tion or waste products 

Dilutions of gibberellic acid were made with sterile 
isotonic saline which was shown to have no detect- 
able effect on the normal growth of the organism. 
A. indicus was maintained on nitrogen-free mannitol 
agar in Kolle flasks and a standard liquid inoculum 
prepared by adding one loopful of surface growth to 
25 ml. of sterile mannitol-tap water medium assigned 
a value of 100% transmittance at 420 m/x on a Cole- 
man spectrophotometer. This standard inoculum 
■"was incubated at 25° until an absorbance of 80% 
transmittance was achieved, a process usually re- 
quiring about seventy -two hours. 

Two sets of optically matched tubes containing 
25 ml. of sterile mannitol-tap water medium and 
assigned the arbitrary value of 100% transmittance 
at 420 mfi of the spectrophotometer were used. 
Five milliliters of the appropriate dilution of gibber- 
ellic acid was added to one set of tubes and 5 ml. 
of sterile saline was added to the control set. All 
tubes then received 0.1 ml. of bacterial inoculum and 
kept well mixed at 25°. Changes in optical trans- 
mittance were recorded daily for ten days. 

Repeated trials showed that in almost all cases, a 
distinct increase in growth as measured by decrease 
in optical transmittance could be demonstrated in 
the presence of gibberellic acid. A typical compari- 
son of experimental to control series can be seen in 

♦ Received January 19. 19G0, from the Brooklyn College 
ot Pharmacy, Long Island University, Brooklyn, N. V. 



Gibberellic Acid Concentration 
meg. /ml. 

Fig. 1. — Effect of increasing concentrations of 
gibberellic acid on the growth of Azotobacter indicus 
compared to replicate saline controls (ten days 
incubation). 


Fig. 1. To determine if this stimulatory’ effect 
could be demonstrated in other media, a quintupli- 
cate run using Ashby’s medium and gibberellic acid 
in a concentration of 1000 meg. /ml. was performed. 
After ten days’ incubation with the test organism, 
experimental tubes gave a mean transmittance 
value of 72.7 ± 0.8% compared to a control value of 
77.3 ± 1.7%. This difference is significant, P 
being less than 0.05. 

On the basis of our determinations, it seems likely 
that solutions of gibberellic acid have a stimulating 
effect upon Azotobacter indicus, but the lack of linear- 
ity and the occasional variations in extent of stimula- 
tion indicate that this effect is a complex physio- 
logical one. 
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Book Notices 


Chemical Analysts Vol 10 The Chemical Analysis 
of Air Pollutants By Morris B Jacobs In- 
terscience Publishers, Inc ■ 250 Fifth Ave , New 
York 1, N y , 1960 win + 430 pp 15 X 23 
cm Price $13 50 

This volume of a series of monographs on analyti- 
cal chemistry and its applications presents detailed 
methods for the determination of the kind and 
amount of air contaminants The presentation for 
each method follows the pattern 1 General 
methods for sampling with procedures for the de- 
termination of air and gas volume, quantit 3 % and 
velocitj 2 Analysis of the settled particulate 
matter and also the suspended particulate matter 
3 Methods for the analysis of gaseous and vapor 
containmaiits of the atmosphere, including radio- 
chemical methods Appended are tables of analj'- 
tical data relating to suspended particulate matter 
111 the air, sootfall, gaseous contaminants, and motor 
vehicle exhaust gas composition A subject index 
IS included 


Soviet Research tn Pharmaceulical Chemistry Part 
I. Pharmaceutical Chemistrj , Part 11, Medicinal 
Chemistry, Part III, Pharmacognosy English 
translation Consultants Bureau, Inc , 227 West 
Nth St , New York II, N Y , 1959 603 pp 21 

X 27 cm Paperbound Price Part I, $12, 
Part II, $45, Part III, $10, Complete collection 
$60 

These additions to the Chemistry Collection Se 
ries include translation' of selected reports that have 
appeared in Soviet publications The pharmaceuti 
cal chemistry part includes nine papers on ion ex- 
change and Its applications, particularly relating to 
the behavior of ion exchange resms with antibiotics 
Fourteen additional miscellaneous reports are m 
eluded Part II includes thirteen papers on anti in- 
fective compounds, eight papers on steroids and re- 
lated compounds, thirty five papers on heterocyclic 
compounds, and twenty miscellaneous reports 
Part III, entitled Pharmacognosy, includes seven- 
teen papers on phnt alkaloids, one on pectic sub 
stances of sunflower, and one on corelbonn P 


Fermenlc Hormone Vttamme Band I Fermcnte 
3rd ed By Robert AxnuoN and Wilhelm 
Dirscherl Georg Thieme Verlag, Stuttgart, 
Germay, 1959 Agents in U S and Canada, 
Intercontinental Medical Book Co , 381 Fourth 
Avc, New York 16, N Y xx -f- 564 pp Price 
$22 85 Subscription price $19 45 


This third edition, m three volumes, is the first 
revision since 1943 Volume 1, on ferments or 
enzymes, is, of necessity, a completely rewritten 
text It attempts to relate significant relation- 
ships betneen biological catalysis and enzymes 
This IS developed nith regard to individual and 
group enz> me actix dies The book is ‘"tended for 
use by biochemists, medicinal chemists, and others 
in related chemical fields 


Lymphocytes and Mast Cells By Margaret A 
Kelsall and Edward D Ckasb The U71 
hams & Wilkins Co , 428 East Preston St , Balti 
more 2, Md , 1959 \vi + 399 pp 15 X 23 cm 
Price $8 

This book is a comprehensive treatise on tno cells 
Lymphocjte — a specialized cell which sj’nthesizes 
stores, and transports nucleoprotein for mainte 
nance, growth, or secretion by other cells, and Mas 
cell — chief significance is ability to synthesize, store 
and release histamine and heparin, but its produc 
tion of mucopolj'sacchande and its possible relatioi 
nith serotonin is also discussed A bibliography o, 
1,142 references cited in the text and a subject mdei 
are appended 


Organic Reactions 1 ol 10 Edited bj Rogee 
Adams John Wilex & Sons, Inc , 440 Fourtli 
Ave Nen York 16, N Y , 1959 vii + 563 PP 
15 X 23 cm Price SI2 
This volume of "Organic Reactions,” the tenth 
since the senes nas started m 1942, continues the 
comprehensive treatment of selected subjects The 
ninth volume of the senes was reviened in Tins 
Journal, 47, 155(19581 The present volume 
coiers The coupling of diazonium salts mth sh 
phatic carbon atoms, the Japp Klingemann reac 
tion , and a x erj’ complete treatment of The Michad 
reaction This latter chapter covers 379 pages and 
includes 1,045 references The excellent stjle of 
presentation developed for this series is continued 
A subject index for Volume 10 and cumulatne 
author and chapter heading indexes are appended 


The Preparation of Medical Literature Bi Louise 
Montgomerx’ Cross J B Lippincott o > 
East Washington Square, Philadelphia 
1959 XX -f 451 pp 15 X 22 5 cm Pwa 
$10 


Tins book is designed to be used as a desk reference 
for details on practical techniques in the prepara 
tion of medical reports, articles, and books, m 
which physicians and allied scientists communica 
clinical experience and scientific investigation 
their colleagues Writers for publication in a 
scientific field will find this book useful Llieniisi 
should note that abbreviations for names o J" 
nals are from the “Quarterly Cumulative n 
Medicus” and the “Current List of Medica 
ture” As of Januan I960, 
publicdtions were replaced by “Index ‘ ^ , 

(new series) published monthly the the • 
Library of Medicine, and annual 
the index will be published by AMA The jou 
abbreviations in the new "Index .„j,’ 

with some variations, those used m ^ , i 

Cumulative Index Medicus " Writers o 
for publication in the chemical fields 
the abbreviations recommended by 
Abstracts 
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Investigation of Drug Release from Solids III* 


Effect of a Changing Surface- Weight Ratio on the Dissolution Rate 


By DALE E. WURSTER and JAMES A. SEITZf 


A dissolution study was conducted in which the surface area-weight ratio of a dis- 
solving solid was not held constant. Cylindrical tablets containing large pores 
were employed to follow the dissolution process. Studies in distilled water in- 
dicated that the surface area of the tablet pore was incompletely exposed to the 
solvent due to occlusion by air. Solutions with a lower surface tension than water 
were capable of wetting the entire surface area and a corresponding increase in the 
dissolution rate was obtained. When the air was evacuated from the artificially 
produced tablet pores the solvent was permitted to come in contact with the entire 
L surface and the dissolution rate increased. Dissolution from the pore surface 

occurred at a slower rate than from the exterior surface due to the longer diffusional 
pathway of the solute molecules. 


^HE p.\cTORs influencing the dissolution rate of 
a slightly-soluble medicinal agent are many 
and varied but possibly none of them play a more 
important role than the surface characteristics 
(1-3) of the solid particle. 

The dissolution behavior of materials obtained 
from granulation, lyophilization, and other pro- 
cedures would be especially difficult to predict due 
to the variation in fissures and pores introduced 
into the solids during the drying stages. Since 
the dissolution rate is proportional to the surface 
area of the dissolving particle, measurements of 
the total surface area as well as the area calcu- 
lated from the gross particle size might lead to 
erroneous calculations of the rate in a diffusion- 


controlled process 

The present investigation was, therefore, 
undertaken to study the factors influencing dis- 
'olution of slightly-soluble solids in which the 
surfaces are of a varying degree of availability to 
^ solvent. 


.iin ^UoS, from the University of Wisco 

'm, hehool of Pharmney. M.adison 0 

Tnml'c*’ based on a dissertation submiUed i 

\v Graduate School of the Univers'ty 

ri/'rr*.* partial fulfillment of the requirements for t 

«cpree of Doctor of Philosophy 
TUmvcrsily of Wisconsin fellow 

^ Los Angel 


METHOD OF STUDY 

Previous workers (4-6) have generally circum- 
vented the problem of a changing surface either by 
maintaining it relatively constant or by using 
geometric shapes where the surface could be readily 
calculated during the dissolution process Equa- 
tions describing dissolution kinetics show that the 
dissolution rate is directly proportional to the area 
exposed to the solvent under conditions of uniform 
agitation and a constant shape Therefore, par- 
ticles with a highly irregular or fissured surface 
should have a faster overall rate of solution, if the 
entire surface is exposed to the solvent, than 
spherical particles where the surface area per unit 
weight is minimal 

In order to study the availability of the surface to 
the solvent, model porous pai tides were prepared 
by introducing artificial pores into cylindrical 
compressed tablets The initiating work of Parrott 
(5) indicated that the porosity of an isotropic 
crystalline mass such as that in compressed tablets 
was of sufficiently low magnitude that the surface- 
weight ratio remained constant and the tablet 
could be treated as a homogeneous solid How- 
ever, in the case where the pores are sufficiently 
large or the conditions such that the pore surface 
participates in the dissolution process, a varying 
surface-weight ratio results. The availability of 
the pore surface was studied by following the 
dissolution rate of cylindrical benzoic acid tablets in 
distilled water, in a sodium lauryl sulfate solution, 
and gas-evacuated tablets in distilled water. 
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The mathematical interpretation is based on the 
Hixson-Crowell (7, 8) equation 

dwldl = - 3KS = - 3 Ka (Eq. 1) 

which upon integration yields 

Kat = Wo''^ - (Eq. 2) 

where K is the velocity constant, 5 is surface area, a 
is the surface-weight constant, t is time, and Wu 
and W are the weights at / = 0 and t, respectively. 
The constant, a, for a C 3 'linder or sphere, where the 
shape remains constant throughout the dissolution 
study, can be determined mathematically or graphi- 
callj' as S = a W^'^. When the surface-weight 
ratio is not constant, as in the case of solids with 
pores large enough to be involved in the dissolution 
process, it is possible to use a reduced form of Eq. 2, 

K't = (Eq.3) 

where K' is comparable to the constants Ka. 
Experimental evidence indicates K' to be constant 
during the initial phase of the dissolution process. 
The velocity constant K during this time period 
can be evaluated by determining the surface-weight 
ratio at the same time. 

EXPERIMENTAL 

Procedure. — The experimental procedure of Par- 
rott (5) was followed except for minor alterations. 
During the dissolution procedure the tablet was 
removed from the solution at regular time intervals, 
rapidly dried, and the dimensions measured with 
an optic micrometer (Gaertner Scientific Corp.) 
on a rotating substage. The depth of the artificial 
pores was also determined. The diameter at the 
base of the pore was calculated bj’ assuming the 
change in the depth of the pore was equal to the 
change in the diameter at the base. The dimen- 
sions were measured to 0.0001 cm., with the number 
of readings varj’ing from 24 for the solid tablets to 
84 for the 6-pore tablets. After weighing, the 
tablet was returned to a fresh 2,000-ml. quantity of 
solution for another cycle. 

The 0.2% sodium lauryl sulfate solutions were 
prepared with freshlj’-boiled distilled water and 
then neutralized to phenol red indicator with 
0.02 jVHCl. 

The gas-evacuated tablets were evacuated for 
not less than two hours with a Cenco-Pressovac 
vacuum pump. The tablet evacuation chamber was 
a modified “/js ground-glass joint with ground-glass 
stopcocks on either end. One stopcock opened to the 
vacuum pump and the other to the distilled water 
flask. A flask containing freshly-boiled distilled 
water was attached to the chamber while the 
water was still vaporizing to insure that no air 
would be absorbed on cooling. After the water 
cooled to the desired temperature it was allowed to 
envelop the tablet, and the contents of the chamber 
were immediatelj' transferred to the agitated liquid 
in the dissolution vessel. 

The tablets were compressed with an instru- 
mented Stokes (model A-3) single punch tablet 
machine equipped with ®/s inch flat punches. 
The tablets were all compressed with the same 
compressional force as recorded bj' oscillograph 


recordings. The artificial pores were introduced by 
drilling holes in the flat surfaces of the tablets with 
a drill press using a 0.04-inch diameter drill. These 
holes of uniform depth were placed equidistant 
between the center and the edge of the tablet. 

Using the procedures outlined above, the dis- 
solution behavior of solid cylindrical benzoic acid 
tablets and tablets containing 1 to 6 large pores 
was investigated. The rate of solution of these 
tablets was studied in distilled water and 0 . 27 (, 
sodium lauryl sulfate solution. The dissolution 
rate of air-evacuated tablets in distilled water is 
also reported. 

Reagents. — Benzoic acid, reagent grade; sodium 
laurjd sulfate U. S. P. 

RESULTS AND DISCUSSION 

Dissolution Study in Distilled Water. — In the 
derivation of Eq. 3 it was assumed K' would be con- 
stant for the initial phase of the dissolution process. 
When ITo''^ — was plotted against time a 

straight line relationship was obtained which 
indicated this assumption to be correct. However, 
the same linearity' would be obtained if the pores 
were occluded by air or other adsorbed gases. 
Likewise, the surface-weight ratio, a, and the 
velocity constant, K, ivould then be constant as 
observed for solid cylindrical tablets. Although the 
Ka values were generally increasing as more pores 
were introduced into the tablets, this increase was 
due largely to the surface-weight factor, d. 

In evaluating the constant, a, an indication of the 
degree of participation of the internal pore surface r 
was obtained when the experimental line was 
compared with a theoretical line, where it was 
assumed that the pore surface did not participate 
in the dissolution process. It can be seen in Fig. 1 
that there was practically' no difference between the 
experimental and the theoretical lines. 

As shown in Table I, the rate of dissolution {3KS) 
of the pore-containing tablets increased, but at a 
much slower rate than might br expected. With 
the introduction of six pores the surface area was 
increased over 20%, but the increase in the 3KS 
value was less than 4%. Since the external surface 
accounted for about 96% of the benzoic acid dis- 
solved, this suggests that the pores were largely 
occluded by air and the area was unavailable to the 
solvent. Pore diameter measurements supported 
this for only' the orifices of the pores exhibited any 
enlargement during the dissolution study. 

Dissolution Studies in 0.2% Sodium Laury 
Sulfate Solution.— To study the effect of a lowered 
surface tension on pore penetration and the dis- 
solution rate, a 0.2% aqueous sodium laury'l sulfa>e 
solution was used. As in the case of distilled water 
the Ka value increased as more pores were mtro 
duced into the tablet, but unlike the prerious ^ 
study the surface-weight factor, a, was lower. 

In Fig, 2 the participation of the pores in the c is _ 
solution process can readily' be seen when e j 

experimental line is again compared wim a 

previously' mentioned theoretical line. During 
the dissolution process the pores became consi er 
ably' enlarged. The dissolution from the cy'hn tica 
pores was not uniform but varied with the dis anc 
from the pore orifice, and at the completion o i 
dissolution study' the shape of the pores w'as conica 
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■-This alteration iu the shape was theoretically ex- 
- peeled due to the longer diffusional pathway of the 
i solute molecules and the decreased agitation of the 
r solvent in the pores which results in a progressivelj' 
i slower dissolution rate as the depth into the pore 
increases. It is obvious that the evaluation of K 
for porous solutes is related to the rate of change of 
the surface-weight factor, a. If the a value decreases 
':and at the same time the Ka value increases, the 
r velocity constant, K, will be greater and an increase 
t in the rate of dissolution (3 KS) (Table II ) results. 

; Dissolution Study of Gas-Evacuated Tablets in 
Distilled 'Water. — When the tablets were gas 
' evacuated the solvent was able to penetrate the 
pores and wet the entire surface. The result of gas 
evacuation was comparable to that observed by 
lowering the surface tension of the solvent (Fig. 2 
and Table III). Visual^, it was observed that the 
pores enlarged conically in a manner analogous to 
" that with the sodium lauryl sulfate solution which, 
again, can be explained on the basis of the decreased 



Fig. 1. — Comparison of theoretical with experi- 
ental surface-weight factor values for dissolution 

distilled water. Theoretical line based on 

ily the external surface of a 6-pore tablet par- 
dpating in the dissolution process: O experimental 
dues for a G-pore tablet. 



Fig. 2. — Comparison of theoretical with experi- 
mental surface-weight factor values. Theo- 

retical line based on only the external surface of a 
6 pore tablet participating in the dissolution process; 

experimental line; O 6-pore tablet in 0.2_% 

sodium lauryl sulfate solution; # 6-pore air- 
evacuated tablet in distilled water. 


dissolution rate in the pores resulting from the 
increased diffusional pathway of the solute mole- 
cules. 

In the graphic determination of the Kn values 
(lFo‘^’ — IF''’ vs. time) for the pore-containing gas- 
evacuated tablets a very slight departure from 
linearity occurred after one hour of dissolution. 
However, in all otlier cases, a straigiit line relation- 
ship was maintained throughout the entire re- 
quired dissolution period one and one-half to two 
hours. 

In all cases, with the introduction of pores into 
tablets the Ka values increased over those obtained 
for solid tablets but the increase varied with the 
experimental conditions. In sodium lauryl sulfate 
solutions the increase in the Ka values was the 
greatest, and in distilled water it was the least 
(Fig. 3). The difference in the Ka values for gas- 


Table I. — Comparison of Dissolution Rates of Tablets With Varying Surface Areas 

IN Distilied Water 


Tablets 

Ka 

a 

K 

Total 
Surface 
Area» S , 

cm.2 

Surface 
Area of 
Pores 
cm • 

3 KS, 

Gm /cm Vhr. 

Solid 

0.0903 

4 53 

0.0199 

2 491 


0 1487 

1 Pore 

0 09S7 

4.76 

0 0188 

2 634 

0 075 

0 1486 

2 Pores 

0 0924 

4 85 

0 0191 

2 693 

0 ISO 

0 1543 

3 Pores 

0 0924 

5 21 

0 0177 

2 754 

0 276 

0 1462 

4 Pores 

0 0920 

5 18 

0 0178 

2 849 

0 371 

0 1521 

5 Pores 

0 0960 

5 68 

0 0169 

2 941 

0 409 

0 1491 

G Pores 

0 0931 

5 57 

0 0171 

3 004 

0 564 

0 1.541 
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Table II — ^Comparison of Dissolution Rates of Tablets With Varying Surface Areas in 0 2% 

Sodium Lauryl Sulfate Solution 


Tablets 

Ka 

a 

K 

Total 
Surface 
Area, S, 
cm 2 

Surface 
Area 
of Pores 
cm. 2 

3 KS, 

Gm /cm Vhr 

Solid 

0 0961 

4 57 

0 0210 

2 552 


0 1608 

1 Pore 

0 1039 

4 63 

0 0224 

2 647 

0 101 

0 1779 

2 Pores 

0 1090 

4 28 

0.0255 

2 697 

0 189 

0 2063 

3 Pores 

0 1118 

4.19 

0 0267 

2 798 

0 291 

0 2241 

4 Pores 

0 1158 

4 43 

0 0262 

2 869 

0 373 

0 2255 

5 Pores 

0 1187 

4 15 

0 0286 

2 944 

0 460 

0 2526 

C Pores 

0 1207 

4 44 

0 0272 

3 022 

0 530 

0 2466 


Table III — Comparison of Dissolution Rates of Air Evacuated Tablets With A^arying Surfac 

Areas in Distilled Water 


Tablets 

Ka 

a 

K 

Total 
Surface 
Area, S, 
cm 2 

Surface 
Area of 
Pores, 
cm 2 

3 KS, 

Gm /cm 2/hr 

Solid” 

0 0903 

4 53 

0 0199 

2 491 


0 1487 

2 Pores 

0 0986 

4 SO 

0 0219 

2 071 

0 183 

0 1754 

4 Pores 

0 1043 

4 60 

0 0226 

2 870 

0 388 

0 1940 

0 Pores 

0 1121 

4 05 

0 0277 

3 008 

0 563 

0 2500 


a Solid tablets were not air evacuated 



isciiaiseD smrACL area dlf to pores 

Fig. 3. — Effect of increased "effective” surface 
area on the Ka values 0 0 2% sodium lauryl sul- 
fate solution; # air-evacuated tablets in distilled 
water; © distilled water 

evacuated tablets and tablets dissolved in 0 2% 
sodium lauryl sulfate solution can be attributed to 
the greater solubility of benzoic acid in the sodium 
lauryl sulfate solution This increased solubility 
was substantiated by separate solubility tests 

A subsequent paper uill deal with the dissolution 
behavior of lyophilized solids 

SUMMARY 

The dissolution rate of benzoic acid tablets 
with varying surface areas was investigated in 
distilled water and 0 2% sodium lauryl sulfate 
solution. The dissolution process of air-evacu- 


ated tablets in distilled water was also invci 
tigated 

In distilled water the dissolution study indi 
caled that pores in the benzoic acid tablets wer 
somew'hat occluded b}' air and, therefore, tlii 
surface area was not entirely available to th 
solvent 

The entire surface area of the pore-containin 
benzoic acid tablets participated in the dis 
solution process when 0.2% sodium lauryl sulfat 
was used The increased dissolution rate wa 
probably due to the low'er surface tension, al 
lowing penetration of the pores by the solvent 
Air evacuation of the benzoic acid tablet 
permitted the water to enter the pores Result 
obtained were analogous to those obtained will 
0 2% sodium lauryl sulfate solution 

The availability of the internal surface of po- 
rous particles to the solvent action is important in 
evaluating the effect of an increased surface area 
on the dissolution rate. 
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The EjfiFect of Surfactants on Drug Stability I* 


By S. RIEGELMAN 

The efifect of surfactaats on the rate of hydrolysis of esters, using benzocaine as an 
example, is reported for a homologous series of alkali-stable nonionic surfactants, 
and with cationic and anionic surfactants. It was found that the hydrolysis rate of 
the ester in the alkali-stable nonionic surfactants varies with the concentration of the 
surfactant more than with the length of the polyoxyethylene chain of the surfactant. 
Hydrolysis apparently takes place within the micelle, as well as in the aqueous 
phase. Anionic and cationic surfactants appear to stabilize the drug to base catalysis, 
resulting in an eighteen-fold increase in half-life in 5 per cent lauryl sulfate solutions. 
A dilute solution of the quaternary, cetyl trimethyl ammonium bromide, slightly 
accelerates the rate of hydrolysis. 


^T^he MiCELLta,AR AGGREGATES of Surfactants 
-*■ possess the well-known property of increasing 
the solubility of water-insoluble organic sub- 
sstances. Many studies have been made, par- 
ticularly tvith the noniontc group of surfactants, 
as to their usefulness as solubilizing agents for 
antibacterial agents (1-5), oil-soluble vitamins 
(6-8), steroids (9), estrogens (10), and for other 
substances. Several studies have been under- 
taken to clarify the effect solubilization has on 
drug availability. These include the release of 
phenols (2,3), iodine (11), parabens (4,5), and 
estrogens (12). Little is known, however, of the 
effect solubilization will have on the stability 
l of a drug to hydrolytic attack. The solubilized 
\ drug may be held deep within the hydrocarbon 
interior of the micelle. Under these conditions, 
it is probable that the hydroxyl or hydrogen ions 
will not be able to make contact with the solu- 
bilized drug, and no hydrolytic cleavage will re- 
sult. Solubilization may take place by other 
mechanisms, i. e., siuiace adsorption and short 
or deep penetration of the palisade layers of the 
micelle. Under the latter conditions, acid or 
base catalysis may or may not be able to take 
place. If the surface of the micelle is highly 
hydrated, nonionic surfactants may allow the 
catalytic acidic or basic ion to penetrate and to 
make contact with the solubilized drug within 
the polyoxyethylene chains. The length of \he 
polyoxyethylene chain, the concentration of the 
surfactant and of the drug should all influence the 
rate of hydrolysis under standard conditions. 
Micelles of charged surfactants may have a 
different effect on the hydrolysis rate, since 
coulombic forces now play a predominant role in 
determining whether the catalytic ion may’ be 
able to invade the micelle to reach the solubilized 

• Received August 21, 1959, from the School of Pharmacy, 
University of California Medical Center, San Francisco 22, 
Calif. 

^ The author wishes to express his appreciation for the as 
sistance given by Mr. Richard Penna and Mr John ICobyasht 
»n certain portions of this experiment 
Presented to the Scientific Section, A Ph A . Cincinnati 
meeting, August 1959. 


drug. In all of the cases, the amount of drug in 
the free aqueous phase will undergo base or acid 
catalysis and in many cases may be the only site 
of hydrolysis. 

Benzocaine was selected as the ester chosen for 
study in this preliminary report. Higuchi and 
Lachman (13) carried out a study of the base 
catalyzed hydrolysis of benzocaine in water in a 
complex with caffeine. The presence of 2.5 per 
cent of caffeine in the system resulted in reduction 
of the hydrolytic rate to less than one-fifth of that 
ti} the absence of the caffeine. Their results 
indicated that the complexed form of the drug 
does not undergo any perceptible cleavage of the 
ester linkage. 

The present study will show that the use of 
solubilization surfactants to solubilize a major 
portion of a drug can result in as much as an 
eighteen-fold stabilization of the drug to hydrol- 
ysis. Evidence is gathered which indicates that 
the drug undergoes base catalysis even within 
the nonionic surfactant micelle. 

EXPERIMENTAL 

Reagents. — Benzocaine. — U. S P product, re- 
crystallized from ethyl alcohol and water, m. p. 92- 
93°. 

Sodium Lauryl Sulfate . — A U, S. P. grade (Du- 
panol C, DuPont de Nemours) was recrystallized 
from hot absolute ethyl alcohol and washed with 
ether. The compound was substantially free from 
extraneous electrolyte and free lauryl alcohol as 
determined by surface tension studies. It had a 
melting point of 175-176° (14). A portion of the 
sample was converted into the free acid by passage 
through an acid-activated cation exchange resin 
(Dowex 50) until the filtrate reached a pH of 7. 
The neutralization equivalent was found to be 
292.7 ; theoretical, 288 4. 

Cetyl Trimctliyl Ammonium Bromide . — A com- 
mercial sample (J. T. Baker Chem. Co.) was twice 
recrj'stallizcd from hot water, m. p. 237-238° 
(decorapn.). 

Cclyl Alcohol Polyoxyethylene Ethers. — Commer- 
cial samples of the compounds of ethylene oxide 
content ranging from 10 to 60 moles of ethylene 
oxide per mole of cetyl alcohol were selected for 
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Table II. — Comparison of Dissolution Rates of Tablets With A^arying Surface Areas in 0 2^^ 

Sodium Lauryl Sulfate Solution 


Tablets 

Ka 

a 

K 

Total 
Surface 
Area, S, 
cm 2 

Surface 
Area 
of Pores 
cm 2 

3 KS, 

Gm /cm Vhr 

Solid 

0 0961 

4 57 

0 0210 

2 552 


0 1608 

1 Pore 

0 1039 

4 63 

0 0224 

2 647 

0 101 

0 1779 

2 Pores 

0 1090 

4 28 

0 0255 

2 697 

0 189 

0 2063 

3 Pores 

0 1118 

4 19 

0 0267 

2 798 

0 291 

0 2241 

4 Pores 

0 1158 

4 43 

0 0262 

2 869 

0 373 

0 2255 

5 Pores 

0 1187 

4 15 

0 0286 

2 944 

0 460 

0 2526 

6 Pores 

0 1207 

4 44 

0 0272 

3 022 

0 530 

0 2466 


Table III — Comparison of Dissolution Rates of Air Evacuated Tablets With Varying Surface 

Areas in Distilled Water 


Tablets 

Ka 

a 

K 

Total 
Surface 
Area, S, 
cm 2 

Surface 
Area of 
Pores, 
cm 2 

3 KS, 

Gm /cm 2/hr 

Solid" 

0 0903 

4 53 

0 0199 

2 491 


0 1487 

2 Pores 

0 0986 

4 50 

0 0219 

2 671 

0 183 

0 1754 

4 Pores 

0 1043 

4 60 

0 0226 

2 870 

0 388 

0 1946 

6 Pores 

0 1121 

4 05 

0 0277 

3 008 

0 563 

0 2500 


a Solid tablets were not air evacuated 



LXCREiSED SLKTACE AREA DLC TO PORES 


Fig 3. — Effect of increased “effective” surface 
area on the Ka values 0 0 2% sodium lauryl sul- 
fate solution; • air-evacuated tablets in distilled 
water; 0 distilled water 


evacuated tablets and tablets dissolved in 0 2% 
sodium lauryl sulfate solution can be attributed to 
the greater solubility of benzoic acid in the sodium 
lauryl sulfate solution This increased solubility 
was substantiated by separate solubility tests 

A subsequent paper will deal vith the dissolution 
behavior of lyophilized solids 


SUMMARY 

The dissolution rate of benzoic acid tablets 
with varying surface areas was investigated in 
distilled water and 0 2% sodium lauryl sulfate 
solution. The dissolution process of air-evacu- 


ated tablets in distilled water was also inves 
tigated 

In distilled water the dissolution study indi- 
cated that pores in the benzoic acid tablets Here 
somewhat occluded by air and, therefore, this 
surface area was not entirely available to the 
solvent 

The entire surface area of the pore-containing 
benzoic acid tablets participated in the dis- 
solution process when 0.2% sodium lauryl sulfate 
was used The increased dissolution rate was 
probably due to the lower surface tension, al 
lowing ]3enetration of the pores by' the solvent 
Air evacuation of the benzoic acid tablets 
permitted the water to enter the pores Results 
obtained were analogous to those obtained with 
0 2% sodium lauryl sulfate solution 

The availability' of the internal surface of po- 
rous particles to the solvent action is important in 
evaluating the effect of an increased surface area 
on the dissolution rate. 
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The Effect of Surfactants on Drug Stability V 


By S. RIEGELMAN 

The effect of surfactants on the rate of hydrolysis of esters, using benzocaine as an 
example, is reported for a homologous series of alkali-stable nonionic surfactants, 
and with cationic and anionic surfactants. It was found that the hydrolysis rate of 
the ester in the alkali-stable nonionic surfactants varies with the concentration of the 
surfactant more than with the length of the polyoxyethylene chain of the surfactant. 
Hydrolysis apparently takes place within the micelle, as well as in the aqueous 
phase. Anionic and cationic surfactants appear to stabilize the drug to base catalysis, 
resulting in an eighteen-fold increase in half-life in 5 per cent lauryl sulfate solutions. 
A dilute solution of the quaternary, cetyl trimethyl ammonium bromide, slightly 
accelerates the rate of hydrolysis. 


'T^he micellular aggregates of surfactants 
possess the well-known property of increasing 
the solubility of water-insoluble organic sub- 
sstances. Many studies have been made, par- 
ticularly with the nonionic group of surfactants, 
as to their usefulness as solubilizing agents for 
antibacterial agents (1-5), oil -soluble vitamins 
(6-8), steroids (9), estrogens (10), and for other 
substances. Several studies have been under- 
taken to clarify the effect solubilization has on 
drug availability. These include the release of 
phenols (2,3), iodine (11), parabens (4,5), and 
estrogens (12). Little is known, however, of the 
effect solubilization will have on the stability 
of a drug to hydrolytic attack. The solubilized 
Wrug may be held deep within the hydrocarbon 
interior of the micelle. Under these conditions, 
it is probable that the hydroxyl or hydrogen ions 
will not be able to make contact with the solu- 
bilized drug, and no hydrolytic cleavage will re- 
sult. Solubilization may take place by other 
mechanisms, i. e., surface adsorption and short 
or deep penetration of the palisade layers of the 
micelle. Under the latter conditions, acid or 
base catalysis may or may not be able to take 
place. If the surface of the micelle is highly 
hydrated, nonionic surfactants may allow the 
catalytic acidic or basic ion to penetrate and to 
make contact with the solubilized drug within 
the polyoxyethylene chains. The length of \he 
polyoxyethylene chain, the concentration of the 
surfactant and of the drug should all influence the 
rate of hydrolysis under standard conditions. 
Micelles of charged surfactants may have a 
different effect on the hydrolysis rate, since 
coulombic forces now play a predominant role in 
determining whether the catalytic ion may^ be 
, able to invade the micelle to reach the solubilized 

\ * Received AuRust 21, 1959, from the School of Pharmacy, 

University of California Medical Center, San Francisco 22, 
Calif. 

, The author wishes to express his appreciation for the as- 
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drug. In all of the cases, the amount of drug in 
the free aqueous phase will undergo base or acid 
catalysis and in many cases may be the only site 
of hydrolysis. 

Benzocaine was selected as the ester chosen for 
study in this preliminary report. Higuchi and 
Lachman (13) carried out a study of the base 
catalyzed hydrolysis of benzocaine in water in a 
complex with caffeine. The presence of 2.5 per 
cent of caffeine in the system resulted in reduction 
of the hydrolytic rate to less than one-fifth of that 
in the absence of the caffeine. Their results 
indicated that the complexed form of the drug 
does not undergo any perceptible cleavage of the 
ester linkage. 

The present study will show that the use of 
solubilization surfactants to solubilize a major 
portion of a drug can result in as much as an 
eighteen-fold stabilization of the drug to hydrol- 
ysis. Evidence is gathered which indicates that 
the drug undergoes base catalysis even wthin 
the nonionic surfactant micelle. 

EXPERIMENTAL 

Reagents. — Benzocaine — U. S P product, re- 
crystallized from ethyl alcohol and water, m p. 92- 
93°. 

Sodium Lauryl Sulfate — A U. S. P, grade (Du- 
panol C, DuPont de Nemours) was recrystaUized 
from hot absolute ethyl alcohol and washed with 
ether. The compound was substantially free from 
extraneous electrolyte and free lauryl alcohol as 
determined by surface tension studies. It had a 
melting point of 175-176° (14). A portion of the 
sample was converted into the free acid by passage 
through an acid-activated cation exchange resin 
(Dowex 50) until the filtrate reached a pH of 7. 
The neutralization equivalent was found to be 
292.7; theoretical, 288 4. 

Cetyl Trimelhyl Ammonium Bromide. — A com- 
mercial sample (J. T. Baker Chem. Co.) was twice 
recrystaUized from hot water, m. p. 237-238° 
(decompn.). 

Cetyl Alcohol Polyoxyethylene Ethers. — Commer- 
cial samples of the compounds of ethylene oxide 
content ranging from 10 to 60 moles of ethylene 
oxide per mole of cctyl alcohol were selected for 
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the study.' For convenience, the compounds will 
be designated as C-10, C-14, C-30, and C-60 to de- 
note the average number of moles of ethylene oxide 
per molecule. All samples were dried at 60° under 
high vacuum. The C-14 sample was found to con- 
tain an impurity which absorbed in the ultraviolet 
region. This was reduced substantially by frac- 
tional crystallization of the compound from absolute 
diethyl ether, followed by complete removal of an 5 ' 
ether held by the compound at 60° with high 
vacuum. This treatment unfortunately changed 
the average number of moles of ethylene oxide per 
molecule of surfactant, since the molecules with the 
longer polyoxyethylene chain preferentially precipi- 
tate. 

Apparatus. — Beckman DU spectrophotometer 
with a constant temperature jacketed-cell chamber 
held at 30° ± 0.1°, and a model 11 Cary ultraviolet 
recording spectrophotometer. 

Analytical Method. — The method employed in the 
present study consisted essentially of making a 
series of ultraviolet absorption measurements on a 
benzocaine solution undergoing hydrolysis at con- 
stant temperature and hydroxyl ion conditions. 
Although the ultraviolet absorption spectrum of 
benzocaine and its chromophore-containing hy- 
drolytic product, ^-aminobenzoic acid, are prac- 
tically identical in neutral conditions, the salt form 
of f)-aminobenzoic acid has a different electronic 
configuration so that its absorption spectrum is 
sufficiently different to permit quantitative analysis 
of mixtures of the salt and ester. The per cent of 
the residual ester was determined by analysis at the 
point of maximum absorbance of the benzocaine 
moiety (which shifted in each surfactant system) 
and at the isosbestic point between benzocaine and 
f)-aminobenzoate in 0.04 N sodium hydroxide (see 
Fig. 1). The maxima of the solubilized benzocaine 
varied from 285 to 290 mp. The isosbestic point 
varied from 271 to 277 mg. The latter were time 
independent for each system studied as long as 
secondary oxidative reactions were absent. The 
solutions were read directly in the silica cuvet 
without dilutions. 

Experimental Procedure. — Stock solutions of the 
drug and the surfactants were used to prepare 1, 10, 
and 33 mg. % solutions of benzocaine in the sur- 
factant solutions. The surfactants were studied in 
concentrations ranging from 0.067 to 10%. The 
concentration of base was held at 0.04 fV. Prior to 
the hydrol 5 'sis study, solutions containing the drug 
and surfactant in the absence of the base were ex- 
amined for their ultraviolet absorption characteris- 
tics, using the Cary model 11 recording spectro- 
photometer. An identical sample completely hy- 
drolyzed to p-aminobenzoate was also studied 
simultaneously. In this manner the isosbestic 
point and the absorption maximum were determined 
explicitly for each system studied. 

Each hydrolytic experiment was carried out in 
the following manner. A volume of stock solution 
containing an amount of benzocaine equivalent to 1 
mg. per 100 ml. of final solution was mixed with an 
amount of surfactant solution to yield the desired 
final concentration. These solutions were diluted 
with water to 14.4 ml. and equilibrated to a temper- 


1 The author wishes to acknowledge the generosity of Mr. 
C D. Moore of Glover Chemicals, Ltd., of Leeds, England, 
for furnishing the samples of surfactants. 



Fig. 1. — Ultraviolet absorption curves: A, hem 
caine in hexane; B, /)-aminobenzoate ion in 0.04 
NaOH; C, benzocaine in water; D, benzocaine 
0.53% surfactant C-14; E, benzocaine in 20% pol 
ethylene glycol 600'water mixture. 


ature of 30° in a constant temperature bath. 
0.6-ml. quantity of 1.000 N sodium hydroxide soli 
tion was added, and after adequate mixing the soli 
tion was placed in the silica cuvet. The latter w 
transferred into the cell compartment held at 
constant temperature by the thermospacer asseii 
bly. Nitrogen gas, passed through water at 30 
was circulated in the cell compartment to eliminat 
carbon dioxide absorption or oxidative changes du 
ing the experiment. The solvent cell contained 
solution of the surfactant at an identical concentri 
tion, to eliminate any possible ultraviolet absorptic 
error due to absorbance of the surfactant. T1 
change of absorbance of the solution with time w 
followed at the isosbestic point and at the absor 
tion maximum for the benzocaine, as determim 
on the Cary recording spectrophotometer. ApP 
cation of the Beer-Lambert relation for binai 
mixtures was used to calculate the degree of h 
drolysis. Knoum mixtures of benzocaine and i 
hydroljdic product were prepared and were foui 
to conform to the Beer-Lambert law in the conce 


trations studied and in the presence of the sw 
actants. In those experiments where higher co 
centrations were utilized, silica spacers were us' 
to reduce the path length so that the absorbance w 
reduced to the sensitivity range of the instrumer 
In all cases a minimum of a dozen readings w 
taken for each system. The half lives listed be o 
were obtained from anaB'sis of all the experimen 
data. Figures 3-5 include onB' a portion of t 
data in each case. The error in half-hfe estimatK 
is approximately ±5% or less. 


RESULTS AND DISCUSSION 

The conditions for the hydrolysis of benzocai 
selected for this study were the same as were us 
by Higuchi and Lachman (13) in their study of 
hydrolysis of benzocaine in the presence of cancu 
namely, 0.04 Af hydroxyl ion and 30.0°. The M 
centration of benzocaine was 10"' A/ or k 
While the overall reaction between hydro.p’l ' 
and benzocaine is second order, the experimen 
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conditions lead to an insignificant change on the 
hydroxyl ion concentration. The observed reac- 
tion is, therefore, pseudo first order. 

Absorption Spectral Studies of Benzocaine in 
Various Surfactants. — Figure 1 represents the ultra- 
violet absorption curves of /)-aminobenzoate ion in 
9,04 N NaOH (B) and of benzocaine in hexane (/4), 
water (C), 0.^% nonionic surfactant C-14 (U), 
and in a 20% polyethylene glycol 600-water mixture 
(E). Riegelman and co-workers (15) have previ- 
ously pointed out that, for certain compounds, the 
ultraviolet absorption spectrum of a solubilizate 
affords a sensitive method for determining the four 
different modes of solubilization which have been 
mentioned earlier. Changes in spectrum associated 
with changes in tlie solvent may be due to (a) the 
influence of polarizability of the valence electrons 
vritb. changes in the dielectric constant of the en- 
vironment, (5) the influence of the environment on 
permanent or induced dipoles, (c) hj'drogen bond- 
ing, dimerization, and similar molecular interactions, 
and (d) changes associated with variation in pH. 
The first two effects are associated with small 
changes in spectrum, whereas the last two may lead 
to relatively large changes in spectrum. 

Relative to the single absorption band of benzo- 
caine in water, curve C, the spectrum of benzocaine 
in hexane (.4) illustrates the effect of changes in the 
polarizability of the valence electron in the molecule 
The spectrum is shifted to lower wave length, pos- 
sesses a larger extinction coefficient, and slightly 
more fine structure is noted There appears to be 
three peaks, at 265 (shoulder), at 270, and at 280 
(shoulder). When dissolved in surfactants or 20% 
polyethylene glycol 600-water mixture, the single 
absorption band is retained with a slight increase 
in the extinction coefficient, and the absorption 
maxima is shifted to the higher wave lengths to the 
same degree in each solution. From this analysis, 
it appears that benzocaine, when dissolved in the 
surfactant, is oriented in the polyoxyethylene ex- 
terior of the micelle. One may postulate somewhat 
on the characteristics of the polyoxyethylene exterior 
of a nonionic surfactant micelle. It is a well-known 
phenomenon that these agents in high concentrations 
form viscous gels wherein the water-swollen micelles 
are conceived as making direct contact (16). Roscb 
(17-20) has studied several homologous series of sur- 
factants and found that there are approximately 3 
to 2*/” moles of water per oxygen atom in the sur- 
factant. Sasaki and co-workers (21) studied the 
shifts in the absorption bands of selected solubili- 
zates. For the shifts in the n, ir, and B absorption 
bands, it was concluded that surfactant micelles 
contain some water molecules in their exterior. 
Figure 2 lends further evidence to this conclusion. 
On the lower curve, the absorption maxima for 
benzocaine solutions is plotted against the log of the 
concentration of the added surfactant, C-14, and 
directly against the concentration of polyethylene 
glycol 600. The concentration of benzocaine was 
held at 1 mg. % or 10 mg. % during the study. As 
^ the eoueentratiow of the surfactant is increased, 
there appears to be a change in the dielectric en- 
vironment surrounding the drug similar to that 
which takes place when benzocaine is dissolved in 
various concentrations of polyethylene glycol 600. 
Examination of the widths of the absorption curves 
at half density appear to indicate a negligible con- 
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01 10 CO 



Fig. 2. — A plot showing the shift in the ultraviolet 
absorption maxima of benzocaine with increasing 
concentration of surfactant C-14 and in polyethylene 
glycol 600-water mixtures. The concentration of 
surfactants is given in log units at the top of the 
graph. The polyethylene glycol 600 concentration is 
given in linear units at the bottom of the graph. 

tribution from the fraction of the benzocaine which 
may remain in the water phase, even at the lowest 
concentration studied. The shift in absorption 
maximum with concentration of surfactants C-30 
and C-60 can be superimposed on the polyethylene 
glycol curve. As the concentration of surfactant is 
increased, the exterior of the micelle appears to 
undergo gradual reorientation to a closer alignment 
of the individual chains and, in effect, the exterior 
appears to take on the dielectric characteristic simi- 
lar to increasing concentrations of polyethylene 
glycol in water. 

The upper curve in Fig, 2 presents the absorption 
maxima for benzocaine in increasing concentrations 
of cetjd trimethyl ammonium bromide. It appears 
that there is an abrupt change in the dielectric 
environment surrounding the benzocaine as the 
micelle is formed This would be expected if the 
drug is oriented near the exterior of the micelle 
where coulombic charge of the quaternized nitrogen 
group may be affecting the valence electrons of the 
benzocaine moiety. Similar shifts in the absorption 
maxima were found for sodium lauryl sulfate when 
the drug is in the presence of the base. The ab- 
sorption curve of benzocaine in sodium lauryl sul- 
fate solution in the absence of added base is pro- 
foundly affected by the environment and a detailed 
analysis of these changes and their significance will 
be published later. 

Hydrolysis of Benzocaine in Nonionic Surfactant 
Systems. — ^Figure 3 and Table I present the results 
of the hydrolytic studies using surfactant C-14. 
As the concentration of the surfactant is increased, 
there is a gradual increase in the half life of the 
benzocaine under the conditions used in the study. 
The total concentration oi henzocaine which can he 
incorporated into these systems is relatively large. 
For example, the water solubilit 3 ' of benzocaine is 
approximately 40 mg. %, while the 3.3% solution 
of surfactant C-14 can dissolve as much as 500 mg. 
%. The two upper curves of Fig. 3 represent data 
on 3.3% surfactant. The curve with open circles 
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Fig 3 — A plot showing the effect of increasing 
concentration of surfactant C-14 on the rate of hy- 
drolysis of benzocaine at 30° and at 0 04 A hydroxy! 
concentration The curve with closed circles repre- 
sents the data at 33 mg % benzocaine; all others at 
1 mg % benzocaine 


Table I — Influence of Homologous Series of 
Alkali-Stable Nonionic Surfactants on the 
Half Life of Benzocaine in 0 04 A NaOH Solu- 
tions at 30° 


Surfactant 

Half Life, 

Surfactant 

Half Life, 

C 10, % 

min 

C 14, % 

mm 

0 0000 

64 

0 000 

64 

0 067 

64 

0 098 

83 



0 63 

145 



0 80 

155 



3 3 

248 



3 S'- 

177 

Surfactant 

Half Life, 

Surfactant 

Half Life. 

c-30, % 

mm 

c- 60 , % 

min 

0 000 

64 

0 000 

64 

0 067 

64 

0 067 

85 

1 33 

153 

1 33 

188 

3 3 

239 

3 3 

324 


a Concentration of benzocaine in this solution i\as 33 mg 
% , all others at 1 mg % 


represents the data determined when onlj' I rag % 
of benzocaine was present in the system and the 
curve with closed circles includes 33 rag % of benzo- 
caine Both solutions resulted in pseudo first-order 
hydrolysis, but the thirty-three fold increase in drug 
concentration had a relatively small effect on the 
drug hydrolysis rate When Vsoo of the total satu- 
ration concentration was present, the half life was 
248 minutes, while when the coneentration was 
’’Aoo of saturation, the half life was 177 minutes 
The change in drug-surfactant ratio undoubtedly 
influences the amount of the drug in the free state 
in the water environment If a significant portion 
of the benzocaine were in the water phase, the ab- 
sorption curve should indicate an inflection at wave 
lengths below the maximum relative to the place- 
ment of curves C and D in Fig. 1. It should also be 
detectible by comparison of the widths of the ab- 
sorption curves at half density Study of the 
absorption curves indicates that the drug is almost 
completely in the micelle, yet the half life is increased 
less than fourfold relative to the surfactant-free 
system even though the solution is ^Aoo of satura- 


tion. In accordance with the relatively high degrei 
of hydration of the surface of tlie micelle, it woulc 
appear that hydrolytic attack is taking place withit 
the micelle as well as in the aqueous phase. 

Table I includes the data on the influence of tht 
nonionic surfactant from C-10 to C-60 and on the 
half life of benzocaine in 0 04 A NaOH solution at 
30.0°. The C-10 surfactant is poorly soluble m 
water and cannot be used in the spectrophotometric 
analysis procedures at higher concentrations The 
apparent discrepancy in the half life with concen- 
tration of the C-14 surfactant relative to surfactant 
C-30 is probably due to the fact that the surfactant 
designated as C-14 was raised in its polyoxyeth} lene 
content by the fractional crystallization procedure 
required to remove the ultraviolet absorbing im- 
purities 

There is a relatively small change in the rate of 
hydrolysis as one changes to a surfactant with 
longer polyoxyethylene chain (see Table I) It is 
well known that the critical micelle eoncentration 
increases with chain length, yet the hydrolysis rate 
appears to be affected by concentration changes to 
a greater extent than by changes in the hydrophilic- 
hydrophobic balance of the nonionic surfactant 
However, different ratios of the drug to surfactant 
may change this conclusion. 

Hydrolysis Studies of Benzocaine in Charged 
Micellular Systems. — The influence of increasing 
concentration of sodium lauryl sulfate on the hi- 
drolysis rate of benzocaine is shown in Fig. 4 and in 
Table II The solution containing 0 267% of 
sodium lauryl sulfate is approximately at the critical 
micelle concentration for the surfactant, 0 25% 
(14) The effect of the association of benzocaine 
close to the anionic head group of the surfactant is 
made a definite barrier to the approach of the hj • 
droxyl group The drug has been stabilized such 
that the half life is increased to 104 minutes As 
the concentration is further increased, however, tlif 
effect is even more pronounced and the half life is 
extended to 1,150 minutes when the concentration 
is increased to 5% sodium lauryl sulfate. Under 
these conditions, the polar head group apparentl} 
plays a predominant role in hindering penetration of 
the hydroxyl group into the micelle 



Fig 4 . — A plot showing the effect of increasing 
concentration of sodium lauryl sulfate on the rate o 
hydrolysis of benzocaine at 30° and at 0 04A nS^ 
droxyl ion concentration All curves at 1 mg d 
benzocaine. 



June 1960 


Scientific Edition 


343 


Table II. — ^Influence of Anionic and Cationic 
Surfactants on the Half Life of Benzocaine” 
IN 0 04 W NaOH Solutions at 30° 


Sodium Lauryl Sulfate, 

% Concentration 

Half Life, mm 

0 000 

64 

0 267 

100 

0 533 

350 

1 00 

420 

5 00 

1,160 

Cetyl Tnmethyl 

Ammonium Bromide, 

% Concenlratvon 

Half L\ft, mm 

0 coo 

64 

0 067 

57 

1 34 

426 

2 46 

650 


One mg % concentration in all cases 


Figure 5 and Table II represents similar data of 
increasing concentrations of cetyl trimethyl am- 
monium bromide At higher concentrations, the 
benzocaine appears to be shielded by the cationic 
polar head group Although the negatively charged 
hydroxyl ion is attracted by the cationic group, it 
apparently cannot penetrate beyond this polar head 
into the deeper confines of the micelle wherein the 
benzocaine appears to be lield With both ionic 
surfactants, the predominant side for hydrolysis 
may be the free aqueous environment surrounding 
the micelles Further work is necessary to confirm 
this latter postulate, however 
It should be particularly' noted, however, that tlie 
1 lowest concentration of the quaternary studied, 
1^067%, appeared to increase the hydrolysis rate 
rather than produce stabilization as was noted in 
other cases This concentration is slightly above 
the CMC of 0 033% (22, 23) In a loose arrange- 
ment of chains which must be found in the initial 
stages of micelle formation, it is possible for the 
cationic head group to attract the hydroxyl ion to 
the environment of the benzocaine and thereby to 
produce an increase in the hydrolysis rate 



60 CO 160 200 

< TIME IN MINUTES 

\ Fig 5 — A plot showing the effect of increasing 
leoiicciitration of cetvl tnmethyl ammonium bromide 
On the hydrolysis of benzocaine at 30° and at 0 04 
n hydroxyl ion concentration 


SUMMARY 

1. The surface of a micelle of nonionic surfact- 
ants appears to be relatively highly hydrated, 
equivalent to 5-35 ^er cent polyethylene glycol- 
water mixtures 

2. Benzocmne is solubilized in the palisade 
layers within the region of the hydrated poly- 
oxyethylene chains. 

3 At the drug-surfactant ratios studied, the 
rate of hydrolysis of benzocaine is more depend- 
ent on the concentration of thenonionicsurfactant 
than on the length of the polyoxyethylene chain 
within this homologous series 

4 Hydroxyl ions apparently penetrate into 
the polyoxyethylene portion of the micelle, since 
the hydrolysis appears to be taking place in this 
environment as well as in the water layer 

5 In micelles composed of cationic or anionic 
surfactants, the polar head group apparently 
shields the benzocaine from direct base catalysis 
These agents produce the most profound change 
in the hydrolysis rate extending the half life 
eighteen-fold in a 5 per cent solution of sodium 
lauryl sulfate 

6 Low concentrations of the quaternary, cetyl 
trimethyl ammonium bromide, just above the 
CMC cause a slight acceleration in the rate of 
hydrolysis, probably attracting the hydroxyl ion 
to the benzocaine environment 
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A New Method of Manufacture of 
Tablet Granulations T 

By P. A. TUERCK, E. L. WALTERS, and E. D. CARKHUFF 


A method of manufacture of tablet granulations has been developed in our labo- 
ratories which reduces granulating operations, manufacturing time, and material 
costs. Granulations produced by this new method have been divided into two 
broad classifications: low milligram potency ingredients, where a major portion 
of the tablets may be diluent, and high milligram potency ingredients, where active 
ingredients constitute a major portion of the tablet. This paper is concerned with 
a discussion of the low milligram potency formulations. The method involves the 
use of standard coating pans in which granulations are prepared by spraying with 
water and subsequent drying in the pan. 


V^^HETHBR THE STANDARD METHOD of manu- 
facture be wet granulation or dry slugging 
with recompression, considerable time, labor, 
and space are involved in preparing granulations 
for the compressing machines. Experimental, 
pilot plant, and production work have been 
performed on a method which presents many 
advantages over conventional methods now 
employed. 

In the study presented here we have attempted 
to describe the method and point out some of its 
advantages. 

EXPERIMENTAL 

In the manufacture of a tablet containing a low 
milligram potency ingredient, the active ingredient 
is reduced to a fine powder by micropulverizing. 
This powder is introduced into a coating pan 
equipped with baffles and a variable speed drive. 
A diluent, such as powdered sugar containing 3% 
starch, is added. Powdersare mixed by tumbling ata 
relatively high speed. While tumbling, the powders 
are sprayed with an amount of water sufficient to 
cause formation of small granules. Using powdered 
sugar as an example, this amount is equivalent 
to 3-4% of the total weiglit of the granulation. 
The spray must be in the form of a fine mist. As 
the powders are wetted, the speed of the pan is 
gradually reduced to prevent impaction at the 
peripherj^ due to centrifugal force. Tumbling of the 
powders results in formation of small round granules. 
The speed of the pan is reduced to about 3 r. p. m. 
and a gentle current of hot air is blown over the 
tumbling granulation. In the case of powdered 
sugar, it is necessary to remove only about 2% 
moisture to obtain a granulation with satisfactory 
tabletting characteristics. A suitable lubricant, 
such as magnesium stearate, is then added, complet- 
ing the operation. In practice we have noticed a 
small percentage of the granulations to be over 10 
mesh in size. A major portion of the granulations 
is less than 30 mesh in size. To obviate any 
large lumps, the finished granulation is sifted 
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through an oscillating grinder equipped with a Id 
mesh screen. 

We have tested this method on a laboratorj 
pilot plant, and a production scale. It is possibl 
to manufacture and run a granulation on a compress 
ing machine well within one hour, on an expert 
mental or pilot plant scale, involving batches o 
0.1 to 5 Kg. in size. It is possible to duplicate thi 
operation on production batches of 200 Kg. withii 
a period of four hours. 

APPARATUS 

Experimental Equipment. — In preparing very 
small batches of about 200 Gm., a stainless steel 
coating pan 6.5 inches in diameter was used. Thf 
pan was mounted on a shaft driven at a constani 
speed of 30 r, p. m. Water was sprayed on by use 
of a DeVilbiss atomizer No. 127, of the type ordl 
narily used for nasal and throat sprays. The bulb 
was removed and a hose was connected to an an 
pressure line to provide a steady and continuous 
flow for uniform atomization. The e,\'pelled au 
tended to blow particles from the pan unless the 
pressure was carefully regulated to a very low 
pressure. After granules were formed, the granula- 
tion was dried to a moisture content suitable lot 
satisfactory compression with a hot air gun. Due 
to the excessive velocity of the air output of the 
heat gun, sufficient drydng was obtained by' directing 
the hot air to the outside of the pan, thereby 
preventing the granulation from being blown out. 
We feel there is a great possibility that heat apphe 
to the outside of a production size pan would be 
all that is needed to dry large batches of granulations 
with a current of air provided. This will be inves- 
tigated. A hand screen of convenient size is 
used to sift the finished granulation. The mesi 
size may' be 10 to 14, depending on the size of tie 
contemplated tablet, the smaller mesh size being 
used for smaller tablets. 

Pilot Plant Equipment. — A Raymond Mill was 
used for micropulverizing the ingredients, althoug i 
any other micropulverizing apparatus would r 
suitable. Stainless steel or copper coating pans 
18 inches in diameter, equipped with baffles, were 
used. The pans were mounted, interchangeably, on 
a shaft attached to a d.-c. gear head motor, 
of the pan was controlled from 0 to 30 r. p. m. . 
means of a Variac speed control (General Ra i 
Co., Cambridge, Mass.). The hot air gun prcvi- 
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ously described was used for the drying operation. 
Temperature and rate of flow were controlled by a 
rheostat. Hand screens of suitable mesh sizes 
were used in the final sifting operation. 

Production Equipment. — Ingredients were first 
reduced to a fine powder by passing them through a 
Fitzpatrick comminuter. A 48-inch baffled copper 
h). pan was provided with a variable speed drive in the 
A! range of 3 to 30 r, p. m. to accommodate production 
** size batches of approximately 135 Kg. Batch size 
?• may be substantially increased by using larger 
pans. Naturally, stainless steel pans would provide 
obvious advantages over copper with respect to 
^ inertness, sanitation, etc. A hot air drj-er was 
fabricated to deliver air at a temperature of 
and a rate of 226 c. f. m. The temperature and rate 
of flow were variable. Initially, water was sprayed 
on the granulations by means of pneumatic guns. 
While such guns provide fine atomization, air 
■ pressure must be carefully regulated to prevent 
blowing granulations from the pans. This difficulty 
.‘Z may be circumvented by using suitable spray 
'1'. nozzles which may attach directly to a water line 
1.' by means of a hose and which provide satisfactory 
T atomization with pressures of 40 to 80 psig. 

The dried, lubricated granulations are sifted and 
■ ' ground directly into storage cans through oscillating 
. grinders equipped with suitable screens, or the 
finished granulations may be transferred directly to a 
tablet machine. 

METHOD 

®!.L. Formulations. — As a means of illustrating ad- 
‘Z vantages of this new method of manufacture, a 
series was prepared utilizing some common diluents 
to prepare placebo granulations by the described 
method as well as by a conventional method in a 
^ Day mixer. 

A series of eight experimental granulations rvas 
prepared by spraying the powders described below 
^ with water. A water-soluble dye, D&C Green 
^ No. 5, was first mixed with each powder in a con- 
bj centration of 0.5 Gm. per kilogram and micro- 
pulverized in a Raymond mill before granulating. 
This color was chosen because it usually causes 
'j' difficulty in producing smoothly colored tablets 
ru- when granulated by ordinary wet granulating 
d- methods. In all cases batch sizes of 2.5 Kg. 
F were used as a matter of convenience for processing 
in existing pilot plant equipment. The wet granula- 
tions thus formed were dried while tumbling in the 
coating pan, lubricated with 1% magnesium stea- 
rate, and compressed on a model RB-2 Stokes single 
1^'"^ rotary tabletting machine using ’V32 inch standard 
' cup punches and dies at a tablet weight of 400 mg. 

In like manner the series was repeated, gran- 
h' ulations being made in a small Day mixer by adding 
water as a granulating agent. Wet granulations 
forced through a 6-mesh screen and dried 
trays in a hot air oven at 120°F. 
* .^\®ricd granulations were ground through a 12- 
jri' mesh screen, lubricated, and compressed as previ- 
;S ■ ously described . 

M^'tcrials comprising the series are as follows: 
t- (d) powdered sugar; (B) powdered sugar 90%, 
ft com starch 10%; (C) lactose; (D) lactose 90%, 
jlh com starch 10%; (E) mannitol 98%, powdered 
fff gelatin 2%; (F) mannitol 88%, powdered gelatin 


2%, corn starch 10%; (G) powdered sugar 50%, 
lactose 25%, corn starch 25%; (IT) powdered 
sugar 90%, com symp solids 10%. 

Table I compares granulations and tablets 
obtained by both methods with respect to moisture 
content, drying times, mesh sizes, compression 
characteristics, hardness, disintegration, and general 
appearance. Advantages of the spray granulation 
method over the conventional method described 
are evident in this table. It is interesting to note 
that in spite of a high percentage of “fines” in 
some instances (spray granulations C, D, E, E), 
excellent tabletting characteristics were maintained. 

In the interests of simplicity, stability, and 
economy', a plain porvdered-sugar base is satis- 
factory for the majority of low milligram potency 
medicaments. 

Examples of formulations successfully prepared 
with a sugar base are phenobarbital tablets (15 
mg., 30 mg., 60 mg., 90 mg.), thiamine hydro- 
chloride tablets (10 mg., 25 mg., 50 mg., 100 mg.), 
ascorbic acid tablets (SO mg., 100 mg.), and a 
variety' of specialty products. 

Coloring. — Granulations may be colored simply 
by micropulverizing pigments, lakes, or dy’es along 
with the other tablet ingredients as they' are being 
introduced in the pan. Although water-soluble 
dyes may be 'distributed on a portion of the diluent 
and dried prior to grinding, we have found that 
even this step may be eliminated by using dyes 
soluble in volatile solvents, such as alcohol or 
chloroform, and merely pouring them over portions 
of the sugar prior to micropulverizing. Naturally', 
the micropulverizing equipment must be hooded 
and ventilated to eliminate explosion or health 
hazards. Any residual solvent is driven off during 
the drying operation in the coating-pan. 

Particle Size. — The mesh size of the final granula- 
tion may be controlled by' regulating the amount of 
moisture spray'ed on the granulation and by the 
length of time the moist granulation is tumbled in 
the coating pan. 

If the granulation is overwet or tumbled too 
long, large balls result. If underwet, the granulation 
may have a very large proportion of “fines.” 

When properly made, granulations prepared 
by' this method lend themselves admirably to high 
speed tabletting operations. Characteristics of 
the granulations are such that embossing or bi- 
secting present no problems. 

Lubrication. — A variety' of lubricants have been 
used. Magnesium stearate was satisfactory, al- 
though other stearates and talc have been used. 
After introduction of the lubricant to the batch, a 
final spraying of 0.25 to 0.5% of light mineral oil 
has been found to eliminate further dusting and to 
provide a gloss to the tablet. 

Processing Time. — As previously mentioned, 
a 135-Kg. batch of granulation may be completed 
to the point of compressing within a three or four- 
hour period. Spraying time may be accomplished 
within ten minutes; drying time within one or 
two hours. The major portion of manufacturing 
time is required for the manual charging of the 
pan and removal of the finished granulation from 
the pan. Refinements are possible to shorten 
these times further. By increasing the temperature 
of the air delivered by the dry'ing gun. the drying 
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Table I — Comparison op Granulations and Tablets Made by the Spray Granulating Method With 

Those Prepared in a Day Mixer 


•Granulations- 





C 

U 

c 



•a 

5P 2 

u SJS 

3 e* Cl 

M E W 

tn 

u 

E 

ti 3^ 

•2 5 « 


*2 

•52S; 

- Sfi 
oo„ 

c 

c3 


S 

o&t 

u 

Q 


A 

Spraj' 

120 

3 06 

0 25 

0 42 

A 

Day mixer 

185 

6 9 

18 

0 53 

B 

Spray 

125 

5 17 

0 17 

1 02 

B 

Day mixer 

200 

8 7 

18 

1 02 

C 

Spray 

250 

11 48 

0 17 

5 47 

C 

Day mixer 

365 

18 68 

18 

4 71 

D 

Spray 

276 

11 31 

0 17 

6 14 

D 

Day mixer 

535 

22 04 

18 

4 66 

E 

Spray 

250 

6 53 

0 5 

0 48 

E 

Day mixer 

675 

20 6 

18 

0 48 

F 

Spray 

275 

7 11 

0 5 

1 33 

F 

Day mixer 

800 

25 83 

18 

0 51 

G 

Spray 

215 

9 36 

0 5 

2 02 

G 

Day mixer 

260 

11 7 

18 

5 19 

H 

Sprav 

100 

3 38 

0 25 

0 53 

H 

Day niix-er 

165 

6 73 

18 

1 12 


-Tablets 

u 



Classification of Screen Mesh 

CO 

U 

B w 

O CO 
‘wi 9 

CO w 

V " 

^ a 

'o 

Se 

o d 

U 

bH2 

k 

a 

k 

B 

< 

tf 

20 

Sizes of Dry, Ground 
Granulations, % 

30 40 50 100 200 

<200 

art 

S a 
ob: 
UO 

li 

K6 

i“S 

PbS 

k 

V 

c 

0 

22 

1.3 

15 

13 

17 

12 

8 

1 

9 

5 5 

I 

52 

13 

9 

8 

10 

6 

2 

2 

8 

5 

4 

14 

8 

10 

12 

20 

17 

19 

1 

7 5 

3 

1 

58 

12 

8 

6 

11 

4 

1 

2 

7 

9 5 

4 

20 

5 

3 

3 

3 

10 

56 

1 

9 5 

10 

I 

47 

14 

9 

7 

10 

5 

8 

3 

5 

15 

4 

9 

3 

3 

2 

5 

15 

63 

1 

9 

1 5 

1 

59 

15 

9 

6 

7 

3 

1 

2 

7 

1 

4 

41 

9 

5 

5 

9 

7 

24 

1 

12 5 

9 

2 

46 

14 

10 

8 

11 

5 

6 

2 

11 5 

9 

4 

12 

4 

3 

2 

10 

14 

55 

1 

9 5 

0 75 

1 

60 

12 

6 

4 

9 

8 

1 

2 

9 5 

6 

4 

12 

5 

7 

8 

23 

28 

17 

1 

9 

3 

2 

26 

10 

10 

12 

29 

12 

1 

2 

7 

3 

4 

5 

4 

7 

12 

46 

22 

4 

1 

9 5 

5 5 

3 

63 

15 

8 

5 

5 

3 

1 

2 

7 5 

7 5 

4 


u 1, good, 2, fair, 3, poor (capping) 

1, Excellent, 2, good, 3, fair (slightly mgttled), 4, poor (badly mottled and spotted) 


Table II — A Comparison of Manufacturing Times Required for Production Size Batches of 
Tablet Granulations Made in a Day Mixer and by the Spray Technique 



/ Phenobarbital, 15 mg x 

• Thiamine HCI. 10 mg- 

Ascorbic Acid, 50 m?” — : 


Day Mixer 

Spray Method 

Day Mixer 

Spray Method 

Day Mixer 

spray 

I^lethod 



Total 


Total 






Total 


Total * 


Labor 

Mfg 

Labor 

Mfg 

Labor 

Mfg 

Labor 

Mfg 

Labor 

Mfg 

Labor 

Mlg 


Time, 

Time, 

Time, 

Time, 

Time, 

Time, 

Time, 

Time, 

Time, 

Time, 

Time, 

Time, 


hr 

hr 

hr 

hr 

hr 

hr 

hr 

hr 

hr 

hr 

hr 

hr 

Loading and grauu- 













lating 

1 3 

I s 

0 5 

0 5 

0 75 

0 75 

0 25 

0 25 

I 0 

1 0 

0 4 

0 4 

Wet screening 

1 75 

1 75 



1 0 

1 0 



1 0 

1 0 



Drying 


16 


0 


J5 


1 25 


16 


1 5 

Dry screening 

J 0 

1 0 

0 5 

0 3 

1 0 

1 0 

0 25 

0 25 

0 25 

0 25 

0 3 

0 3 

Lubrication 

0 75 

0 75 

0 1 

0 1 

0 5 

0 5 

0 1 

0 1 

0 25 

0 25 

0 I 

0 1 

Total cleanup 

0 75 

0 75 

0 25 

0 25 

1 0 

1 0 

0 25 

0 25 

0 5 

0 5 

0 25 

0 25 

Total 

5 75 

21 75 

I 35 

3 35 

4 25 

20 25 

0 85 

2 I 

3 

19 

1 05 

2 5o 

Labor time saved 



4 4 




3 4 




1 95 


Production time 













saved 




IS 4 




18 15 




IG -15 

Batch size 


2,750 

000 



300,000 



400.000 


Total ut of material 


214 Kg 



59 5 Kg 



112 5 

Kg 













- 
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cycle may be further shortened When a high 
level of starch is used, more «ater is needed for 
granulation and the drtnng time is slightlj’ longer 
However, with regard to compression characteristics, 
the amount of moisture is not as critical as in a 
straight sugar granulation 

As a means of illustration. Table 11 emphasizes 
savings effected in production time on three typical 
U S P tablet granulations Compansons are 
drawn between batches made on a production scale 
by a conventional wet granulating method in a 
Day mixer and batches made in a coating pan 
using the spray technique It must be realized 
that methods of granulation and production 
techniques will vary considerably from company to 
company Data contained in Table II are, therefore, 
relative onlj’ to our particular production methods 
Stability . — K considerable number of tablet 
granulations are currently manufactured which, 
because of heat and moisture lability, require 
protracted drying times in dehumidified areas to 


preserve stability Many such granulations may be 
safely made by our method, since a smaller amount 
of moisture is introduced into the granulation, and 
since it is dried to a satisfactory level for compressing 
within a short period of time Although liigb 
temperatures (160-500°F.) may be used in the 
drying operation, our experience has been that the 
temperature within the granulation is maintained 
at safe limits, because of the rate of evaporation of 
the granulating agent, until the granulations begin 
to dry Naturally, a close check must be kept on^ 
moisture content to prevent overdrying '"ith a , 
resultant increase in temperature Furthermore, 
if an anhj'drous base is required, tablets may be 
packaged immediately with silica gel packets for 
further moisture reduction 

Tabletting. — Granulations prepared as described 
may be run at high speeds Due to the soft nature 
of the granulations, wear on punches, dies, and 
other machinery is reduced to a minimum 
Disintegration. — Tablets prepared by the outline! 
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method dissolve rather than disititegrate. The solu- 
tion or disintegration time has not' been found to 
exceed fifteen minutes when tested by the U. S. P. 
XV method. 

CONCLUSIONS 

1. A new method for manufacturing granu- 
lations of low milligram potency medicaments 
has been developed. 


2, The method involves the use of standard 
coating pans in which granulations are formed 
by spraying with water and subsequent drtdng 
in the pan, 

3. The method has advantages of decreasing 
material costs, reducing manufacturing time, and 
eliminating a number of processing steps, re- 
sulting in economies in labor and space. 


A New Method of Manufacture of 
Tablet Granulations IF 

By P. A. TUERCK, E. L. WALTERS, and E. D. CARKHUFF 


This paper is concerned with a discussion of a 
method of manufacture for tablet granulations 
in which active ingredients comprise a major 
portion of the tablet. The method involves 
the use of standard coating pans in which 
' granulations are formed by spraying with 
starch paste or other commonly used granulat- 
■' ing solutions and subsequent drying in the 
pan. 

Tn some instances, due to limitations in space 
and because rapid disintegration is required, 
a modification of the granulating method de- 
\ scribed in Part I is desired. 

The method described in Part I principally 
utilizes sugar and other water-soluble ingredients 
as diluents. Tablets resulting from such granula- 
tions dissolve rather than disintegrate. 

We have pointed out in the description of the 
method of manufacture that granulations con- 
' taining major proportions of sugar and other 
‘ water-soluble ingredients may be made by spray- 
ing with water and drying while the coating pan 
. is continuously rotated. This is possible because 
of the durability of the granulation formed. 

We have found that in instances where active 
ingredients form a major portion of the tablet 
and where rapid disintegration is desired (A. P. C. 
i j tablets, for example) , it is desirable to spray gran- 

!t, ‘ ulate witli starch paste. In other formulations, 
\ gelatin, glucose, sorbo, and other granulating 
'' agents may be preferred. 

y • Received August 21, 1959. from the ftesearch Labora- 
tories of The Wm. S. Merrcli Co , Cincinnati, Ohio. 

.. Presented to the &ientific Section A Pn A , Cincinnati 
tneeting, August 1959. 

The authors wish to thank Mr Truman Sheldt for his able 
jO technical assistance in caerj-ing out this project 


In some instances, particularly when starch 
paste is the granulating agent, we have noticed 
that, when the procedure outlined in Part I was 
followed, a satisfactory granulation could not be 
obtained. This result may be attributed to the 
fact that starch granulations are extremely soft 
until dry. The continuous tumbling action in 
the coating pan reduced the wet granulation to 
a fine powder. A further complicating factor 
was the necessary use of a considerably larger 
amount of granulating agent in this type of for- 
mulation which increased drying time and, 
hence, aggravated the formation of “fines.” 

An interesting modification of the procedure 
is also being investigated wherein dry soluble 
starch or other dry gums are mixed ivith the 
powdered ingredients before granulating. By 
spraying the granulation with water, starch 
paste or gum solutions are produced in situ. 
This expedient permits granulation with lesser 
amounts of moisture and is particularly effective 
in maintaining smoothness of color when a colored 
tablet is desired. 

In like manner, dry' ethyl cellulose may be 
mixed with ingredients and the granulating 
solution produced in situ by spraying with ethyl 
or isopropyl alcohol. 

APPARATUS 

To circumvent the difficulty, two changes were 
made in the equipment. First, the hot air source 
was modified so that the temperature of delivered air 
was -lOO-COO'F. This experiment shortened the dry- 
ing time by increasing the rate of evaporation. Sec- 
ondly, a timing mechanism was placed on the motor 
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of the pan which automatically rotated the pan one 
revolution ever}' minute. This was put in operation 
only during the dr}dng cycle. Depending upon the 
drying characteristics of different granulations, the 
intervals at which the pan is rotated may be easily 
changed by adjusting the timing mechanism. 

This expedient allowed the exposed surface to dry 
during each resting cycle The time the granulation 
was in motion was greatly reduced, thereby eliminat- 
ing formation of too many “fines.” 

With these exceptions, equipment and procedure is 
the same as outlined in Part I 

EXPERIMENTAL 

Granulations (A, B, and C) of high milligram 
potency materials were prepared by both the spray 
granulation technique and by a conventional method 
of wet granulating in a Day mixer as illustrated be- 
low. The granulations as well as tablets prepared 
from them are compared in Table 1. 


Granulation A — A. 

P. C. 


Acetophenetidin 

Day- 

Mixer 

Method, 

K.g. 

2 52 

Spray 

Method, 

Kg. 

2.52 

Caffeine 

0.5 

0 5 

Corn starch 

0 72 

0 

Soluble starch (Corn Products 

Refining Co.) 

0 

0 72 

.“Idd at time of lubrication : 

Aspirin granulation (16% 

starch) 

4 6 

4.6 

Corn starch g. s. to 

8 7 

8 7 


Day Mixer Method. — Mix and granulate ingre- 
dients with a solution composed of 10% starch paste 
and 16% gelatin. Wet screen through a 6-mesh 
screen. Spread On trays and dry overnight at 120'’F. 
Dry screen through a 12-mesh screen. Add aspirin 
granulation and corn starch lubricant Compress on 
Vwinch standard cup punches at a weight of 518 mg. 

Spray Method.— Mix ingredients in a coating 
pan and granulate by spraying with water. Dry, add 
aspirin granulation, and lubricant to pan. Sift 
through 10-mesh screen. Compress as above 


Granulation B — Sulfadiazine, 500 mg. per 
Tablet 



Day 

Mixer 

Spray 


Method, 

Method, 


Kg. 

Kg. 

Sulfadiazine 

3 

3 

Corn starch 

0 34 

0 3 

Corn syrup solids 

0 

0 075 

Soluble starch (Corn 

Products 

0.15 

Refining Co.) 

0 


Day Mixer Method. — Mix and granulate with a 
solution composed of 5% starch paste and 5% glu- 
cose. Wet screen through a 6-raesh screen. Dry 
overnight on trays at 120°F. Dry screen through a 
12-mesh screen. Lubricate with 1% magnesium 
stearate and compress at 616 mg., using Vie inch 
standard cup punches. 


Spray Method. — Mix ingredients in coating pa 
Granulate by spraying with water. Dry and lubi 
cate in the pan. Compress as above. 


Granulation C — Ascorbic Acid, 250 mg. pe 
Tablet 


Ascorbic acid, powdered 

Day Mixer 
Method, 
Kg. 

1.605 

Spray 

Method, 

Kg. 

1.005 

Sugar, powdered 

0.54 

0.54 

Lactose 

0.816 

0.81G 

Acacia, U. S. P. white powder 

0.018 

0.018 

Corn starch 

0.093 

0 

Soluble starch (Corn Products 
Refining Co.) 

0 

0.093 


Day Mixer Method. — Mix and granulate ingn 
dients with 16% gelatin solution. Wet scree 
through a 6-mesh screen. Spread on trays and dr 
overnight at 120°F. Dry screen through a 12-mcs 
screen. Lubricate with 1% magnesium stearati 
Compress on 'Ac inch standard cup punches at 
weight of 544 mg. 

Spray Method. — Mix ingredients in a coating pa 
and granulate by spraying with water. Dry ani 
lubricate in the pan and compress as above. 

FORMULATIONS 

Although a major portion of our work relating t( 
the high milligram potency type of granulation ha 
been with a starch paste granulating agent, instance 
have arisen where modifications were necessary. 

Some water-insoluble materials, particularly whei 
fluffy or crystalline in nature, require other granulat 
ing agents. In some instances granulation may b 
accomplished by merely spraying with a volatile sol 
vent for the material in question. In other cases it i 
necessary to add additional binders, such as ethy 
cellulose, methyl cellulose, polyvinylpyrrolidone 
etc., to the solvent before spraying. Although th' 
cost of the solvents presents a disadvantage, diymi 
time is considerably shortened. 

As might be expected, care must be taken in prope 
selection of disintegrating agents, each granulatioi 
presenting its individual problem. 

PROCESSING TIME 

Since starch paste granulations require substan 
tially more granulating agent for satisfactory results 
we have found it necessary to use longer periods o 
time for the drying operation. Drying may hi 
accomplished overnight by the method desenbeo 
In practice, we have found that for scheduling pur 
poses it is more convenient to manufacture the sugai 
base or fast drying granulations during the day aW 
to spray the slower drying starch paste granolationi 
near the end of the day’s operations, thereby allow 
ing an overnight period for drying. We arc cur 
rently investigating refinements which will shortei 
drying time. 

Table II illustrates the difference in manufacturinf 
time required on production size batches when tin 
spray method is compared with wet granulation m ■ 
Day mixer. Economies in both labor and tota 
manufacturing time are effected in the spray methoi 



349 


June 1960 


Scientific Edition 


Table I. — Comparison of Granulations and Tablets Made by the Spray Granulating Method 

With Those Prepared in a Day Mixer 
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o 

A 

Spraj' 

450“ 

9 4' 

0 5 

2 19® 

33 

12 

8 

3 

16 

20 

8 

1 

10 

0 25 

1 

A 

Day mixer 

1,600*’ 

26 4‘ 

18 

1 91® 

60 

18 

9 

4 

4 

3 

2 

1 

8 5 

0 7 

2 

B 

Spray 

1,200“ 

22 4'- 

0 7 

1 8® 

5 

2 

3 

7 

52 

27 

4 

1 

13 

15 

1 

B 

Day mixer 

1.600> 

22 4‘ 

18 

1 4® 

12 

10 

10 

10 

22 

23 

13 

1 

13 

13 

1 

C 

Spray 

200“ 

6“ 

0 25 

S 8*^ 

22 

10 

9 

8 

21 

17 

13 

1 

12 

6 

1 

C 

Day mixer 

225*’ 

8.5^ 

18 

4d 

60 

15 

10 

6 

6 

2 

1 

2 

9 

8 

2 


o Water 

Refer to formula 
^ Karl Fischer. 

Twenty-four hour drying at 100® 

* 1, Good, 2, capping tendency 
/ 1, Good, 2, spotty, chipping tendency on edges 


Table II . — A Comparison of Manufacturing Times Required for Production Size Batches of Tablet 
Granulations Made in a Day Mixer and by the Spray Method 




A P C 

— — . 


Sulfadiazine, 500 mg 

•s — Ascorbic Acid, 250 mg 

* — Day Mixer — * » — Spray Method — ■ 

y — Day Mixer — “ .^Spray Method-— v— Day Mixer — - — Spray 

Method- 



Total 

Total 


Total 

Total 


Total 


Total 

Labor 

Mfg Labor 

Mfg 

Labor 

Mfg Labor 

Mfg 

Labor 

Mfg 

Labor 

Mfg 

Time. 

Time, Time, 

Time, 

Time, 

Time, Time, 

Time, 

Time, 

Time, 

Time, 

Time, 


hr 

hr hr 

hr 

hr 

hr hr 

hr 

hr 

hr 

hr 

hr 

Loading and 











granulating 

1 5 

15 0 5 

0 5 

1 5 

15 0 4 

0 4 

1 0 

1 0 

0 4 

0 4 

Wet screening 

2.0 

2 0 


2 25 

2 25 


1 5 

1 5 



Drying 


16 

2 0 


16 

1 5 


16 


1 5 

'Dry screening 

1 0 

10 0 4 

0 4 

1 5 

15 0 3 

0 3 

0 5 

0 5 

0 3 

0 3 

Lubrication 

1 25 

1 25 0 5 

0 5 

0 25 

0 25 0 1 

0 1 

0 25 

0 25 

0 1 

0 1 

Total clean-up 

0 75 

0 75 0 25 

0 25 

1 0 

1 0 0 25 

0 25 

0 25 

0 25 

0 25 

0 25 

Total 

6 5 

22 5 1 65 

3 65 

6 5 

22 5 1 05 

2 55 

3 5 

19 5 

1 05 

2 55 

Labor time saved 


4 85 



5 45 




2 45 


Production time 











saved 



18 85 



19 95 




16 95 

Batch size 


840,000 



200,000 



200,000 


Total wt of ma- 











terial, Kg 


435 



123 



109 



by eliminating certain steps in manufacture, cutting 
down on clean-up time, and shortening drying time . 

Coloring, granulating, lubricating, and tablettmg 
characteristics of the granulations discussed may be 
considered to be substantially the same as those dis- 
cussed under Part I 

The wear on punches, dies, and machinery depends 
to a large extent on the abrasiveness and physical 
characteristics of the active ingredient We have 
found that our method has advantages over standard 
methods, particularly when a binder is present in the 
granulating solution Since, by our method, the 
granulating agent is sprayed on the ingredients, they 
tend to be coated with the binding agent, thereby 
minimizing the abrasiveness or gummmess of the 
I granules We have prepared granulations which 
caused binding when standard techniques were used, 

I but which compressed with no difficulty when spray 
granulating was employed. 


DISINTEGRATION AND STABILITY 

Tablets made by the method outlined in Part II 
usually disintegrate rather than dissolve. 

Since there is no major change in diluents b 5 ' this 
method, stability of tablets is comparable to that of 
tablets made by standard procedures 

CONCLUSIONS 

1 A new method for manufacturing granula- 
tions of high milligram potency medicaments 
has been developed 

2 The method involves the use of standard 
coating pans in which granulations are formed 
by spraying with starch paste or other commonly 
used granulating solutions, with subsequent 
drying in the pan 


Esterification of Two Sterically Hindered Acids 
Using Ultrasound Waves* 

By ROBERT J. GERRAUGHTYf and PAUL J. JANNKE 


The possibility of using ultrasound waves to 
effect the direct esterification of sterically 
hindered acids was explored. The methyl, 
ethyl, w-propyl, and »-butyl esters of o-thy- 
motic and ursolic acids were prepared by the 
application of low frequency ultrasound 
waves, the rates of esterification were deter- 
mined, and the mechanism of the reaction 
was studied, using methyl mercaptan in place 
of an alcohol. Branched chain esters of the 
acids could not be prepared even when ex- 
posure conditions were broadly varied. 

I^Tumerous studies have been conducted on 
^ the direct esterification of sterically hin- 
dered acids. The success of the reaction varies 
over a broad range, depending, in part, upon the 
structures involved and the conditions applied. 
Nevertheless, esters of many of these acids have 
been prepared, frequently by indirect methods. 
The application of ultrasound waves to overcome 
steric hindrance was deemed advisable because it 
has been shown that such energy is capable of 
stimulating a wide variety of chemical reactions, 
some of them involving factors associated with 
esterification. 

The kind of energy used is of utmost impor- 
tance because high frequencies and cavitation 
favor the hydrolysis of esters (1-4); therefore it 
appeared logical to assume that low frequencies 
and lessened cavitation might favor ester forma- 
tion. 

This study emploj'ed two acids, one of which is 
strongly hindered, the other being more moder- 
ately so. o-Thymotic acid is strongly hindered 
because of substituents occupying both positions 
or/Jio to the carboxyl group. Attempted conden- 
sations of it with alcohols in the presence of 
strong dehydrating agents lead to the formation of 
thymotides (5) instead of the conventional esters. 
Ursolic acid, which is a pentacyclic alicyclic acid, 
shows steric hindrance because of the spatial 
orientation of the cyclic system adjacent to the 
ring which carries the carboxyl group (6). 

A method for the esterification of the two acids 
is described and the results are shoivn in Tables I 
and II. Rates of esterification of both acids 

* Received August 21, 1959, from the School of Pharmacy, 
University of Connecticut, Storrs. 

Abstracted from a thesis submitted to the Graduate School 
of the University' of Connecticut by Robert J. Gerraughty in 
partial fulfillment of the requirements for the Doctor of 
Philosophy degree. . „ r, * 

Presented to the Scientific Section, A. Pn. A., Cincinnati 
meeting, August 1959. 

+ Present address: College of Pharmacy, Rutgers — The 
State University, 1 Lincoln Ave., Newark 4, N. J. 


were determined. Table III indicates that es- 
terification of ursolic acid is gradual at first, 
reaches a maximum after seventy-five minutes, 
and declines rapidly after ninety minutes, o- 
Thymotic acid (Table IV) also is esterified slowly 
at first, reaching a maximum rate after one hun- 
dred and five minutes, and then declining rapidly. 

A study of the mechanism of the reaction was 
conducted to determine if ultrasound altered it 
in any way. Under normal conditions in direct 
esterification, the acid acts as a hydroxyl donor 
and the alcohol as a hydrogen donor (7). This 
appears not to be the case when esterification is 
accomplished under the influence of ultrasound. 
The condensation of the acids with methyl mer- 
captan proceeded in such a manner as to result in 
the formation of hydrogen sulfide, indicating 
clearly that under these conditions the acids 
served as hydrogen donors, otherwise water 
would have been formed. 

EXPERIMENTAL 

Preparation of Ursolic Acid Esters. — Fifty milli- 
liters of the selected alcohol was degassed by 
exposure* at 80 to 85 ma. plate current and 39.1 he- 
for one liour. One gram of the ursolic acid, 2 drops 
of concentrated sulfuric acid catalyst, and 2 Gm. 
of antiydrous copper sulfate (to remove water formed 
in the reaction) were added to the degassed alcohol. 
The polyethylene bottle used as the exposure vessel 
was immersed below the surface of the wafer in the 
transducer tank to decrease cavitation, and the 
mixture was exposed at not more than 45 ma. 
plate current for two hours, and then filtered. The 
solvent was evaporated and the residue was dis- 
solved in ether. The ethereal solution was washed 
with three successive 100-ml. portions of 3% 
sodium hydro.xide solution and then washed twice 
with 100-ml. quantities of distilled water. Tlie 
ether was evaporated and white cry'Stalline ursolK 
acid ester was recrystallized twice from 70% 
ethanol. Straight chain esters were prepared bj 
this method in good yields (Table I). 

Branched chain esters could not be prepared 
even by extending e.v'posure periods or increasing 
the plate current. 

Carbon-hydrogen determinations were made ac- 
cording to the method of Niederl and Niederl (8). 

Preparation of acety-l derivatives of the esters h> 
refluxing with acetic anhydride for one hour yielded 
acetyl ursolic acid esters that compared favorabj} 
with those reported in the literature, as shown m 
Table I. 

* "Sonogen*’ Ultrasonic Generator, Model 25-B, Branson 
Ultrasonic Corp., Stamford, Conn. 
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Table I — Ursolic Acid Esters 


Ester 

Methj'l 

Ethyl 

«-Propyl 

n-Butyl 


Melting Point Carbon and Hydrogen 

^Melting Point. ^ C — ■ — Acetyl Esters, " C — Analysis, % 


% 

Reported 


Reported 


Calcd. 

Found 

Yieldc 

(10) 

Found 

(U) 

Found 

c 

H 

c 

H 

80 1 

169-170 

170-171 

245 

243-244 

79 15 

10 64 

79 0 

10 7 

67 1 


198-199 

194 

192-193 

79 32 

10 74 

79.1 

10 6 

47 9 


190-191 

173 

171-172 

79 52 

10 84 

79 4 

10 8 

41 0 


180-182 

123-125 

124-126 

79 69 

10 94 

79 7 

10 9 


a Average ol two determinations t Average of three determinations 


Table II — £>-Thymotic Acid Esters 


Ester 

Methyl 

Ethyl 

«-Propyl 

n-Butyl 


Carbon and Hydrogen 
Saponl6catiott Analysis. %■ 


% 

Boiling Point, ® C 

Equivalent 

Calcd 


Fou 

nd<f 

Yield “ 

Reported (12) 

Found 

Calcd 

Found® 

C 

H 

C 

H 

49 5 

142/18 5 mm. 

143/20 mm. 

538 

532 

69 23 

7 21 

69 3 

7 0 

S3 9 

153/18 5 mm. 

155/20 mm. 

505 

494 

70 27 

7 66 

70 6 

7 6 

50 3 


165/20 mm. 

475 

464 

71 19 

8 05 

71 4 

8 0 

43 5 


175/20 mm. 

452 

442 

72 00 

8 40 

71 8 

8 3 


<* Average of two determinations ^ Expressed m mg. of potassium hydroxide * Average of two determinations Aver- 
age of two determinations 


Table III. — Rates of Esterification op Ursolic 
Acid Esters 


'■ 




Exposure, 

Methyl 

Ethyl w-Propyl 

n-Butyl 

min 





0 

0 0 

0 0 

0 0 

0 0 

IS 

1 2 

0 0 

0 0 

0 4 

30 

4 3 

0 6 

2 5 

0 4 

45 

10 5 

1 9 

3 8 

4 7 

60 

18 6 

7 2 

6 4 

6 1 

75 

35 2 

20 4 

15 5 

14 5 

90 

69 1 

45 6 

35 0 

34 1 

105 

76 8 

57 6 

42 8 

39 7 

120 

78 3 

61 6 

45 4 

43 9 

135 

79 9 

64 2 

48 0 

48 1 


Table IV 

—Rates of Esterification of o- 
Thymotic Acid Esters 

Time of 













min 

Methyl 

Ethyl 

«-Propyl 

«-Butyl 

0 

0.0 

0.0 

0.0 

0 0 

15 

0 0 

0 0 

0 0 

0 0 

30 

0 3 

0 2 

0 6 

0 0 

45 

6 3 

3 9 

5 1 

2 9 

60 

12 3 

12 1 

10 3 

9 4 

75 

20 3 

21.0 

17 1 

16 1 

90 

30 2 

30 7 

27 5 

24.1 

105 

44 2 

45 6 

43 9 

38 6 

120 

48 8 

47 9 

46 9 

44.5 

135 

50.8 

49 4 

46.9 

45 9 

150 

51.5 

50 1 

47.7 

45 9 


Attempts to determine saponification equivalents 
of the esters were unsuccesslul due to the resistance 
of these esters to even the most drastic conditions 
for hydrolysis. 

Preparation of o-Thymotic Acid Esters.— The 
same method that was used to prepare ursolic acid 
esters was followed and tlie results were comparable, 
except that when the solvent was evaporated, the 
residue was liquid in all cases. These liquid esters 
"ere dissolved in ether and washed with 3% sodium 


hydroxide solution followed by washing with dilute 
hydrochloric acid solution. The ether was evap- 
orated on a water bath and the remaining liquid was 
distilled in vacuo The esters were colorless when 
distilled, but changed to pale yellow immediately 
aftenvard. Fractional distillation on a Todd 
column® failed to remove the yellow color. Again, 
only the straight chain esters could be synthesized 
(Table II). Carbon-hydrogen results and saponifi- 
cation equivalents by a method using diethylene 
glycol as the solvent (9) are shown also in this table 

Rates of Esterification of Ursolic Acid Esters. — 
The rate of esterification for each of the esters was 
determined under the same conditions that were 
used for their preparation Weighed quantities of 
ursolic acid were exposed, using the proper alcohols, 
and aliquots were extracted at fifteen-minute inter- 
vals. These aliquots xvere titrated with standard 
sodium methoxide solution using thymol blue as 
the indicator Sodium methoxide solution was used 
because reaction ivas too slow with other alkali 
solutions. The percentage of unesterified acid 
was calculated and the per cent of esterification was 
then apparent by difference The results are shown 
in Table III 

Rates of Esterification of o-Thymotic Acid Esters. 
— The rate of esterification of each of the four 
esters was determined under the same conditions 
that were used for their preparation. Weighed 
quantities of o-thymotic acid were exposed, using 
the proper alcohols, and aliquot portions were ex- 
tracted at fifteen-minute intervals and titrated with 
standard sodium hydroxide solution, using phenol- 
phthalein as the indicator. The percentage of un- 
esterified acid ivas calculated, and the per cent 
of esterification was then apparent by difference. 
The results of this study are given in Table IV. 

Mechanism of Esterification Using Ultrasound. — 
One gram of ursolic acid was suspended in 100 ml. 
of ethanol. Two grams of methyl mercaptan and 
a drop of concentrated sulfuric acid were added. 
The mixture was exposed at 39.1 kc. and 45 ma. 

' Todd Precision Fractionation Assembly, Todd Scientific 
Co , Springfield, Pa. 
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plate current for two hours The odor of hydrogen 
sulfide was apparent after about one hour of the ex- 
posure The solution was poured into water, and 
the white precipitate which formed was collected on 
a sintered-glass funnel The compound w'as purified 
in the same manner as stated previously, yielding 
0 452 Gm (43 9% of theoretical) of methyl ursolate, 
m p 168-170° After a sodium fusion, no positive 
test for sulfur was obtained A mixed melting 
point with a genuine sample of methyl ursolate 
gave no appreciable low'ering of the melting point 
The indication is that the acid acted as a hydrogen 
donor and not a hydroxyl donor in this reaction 
Reaction of ursolic acid with ethyl mercaptan by 
the same procedure produced ethyl ursolate, m p 
197-199°, further verifying the mechanism involved 

SUMMARY AND CONCLUSIONS 

Low frequency ultrasound waves have been 
demonstrated to be effective in facilitating the di- 
rect esterification of o-thymotic and ursolic acids, 
both of which are sterically hindered 

Straight chain esters of the acids, using alcohols 
having up to four carbon atoms, were prepared 
Branched chain esters of these acids could not 
be prepared even after prolonged periods of ex- 


posure and increased plate current. This is be 
lieved to be due to the bulk of the entering group 
Data showing the rates of esterification of the 
acids are reported. 

The mechanism of the reaction using ultra- 
sound was established to be the donation of h\- 
drogen by the carboxyl group rather than the 
donation of hydrogen by the alcohol 
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Studies on the Stability of Filipin I* 

Thermal Degradation in the Presence of Air 

By JAMES E. TINGSTAD and EDWARD R. GARRETT 


The loss of biological activity of crystalline filipin has been statistically correlated 
with the loss of spectrophotometric absorbance at 355 m/j. Filipin is oxidatively 
destroyed in air by an apparent second-order reaction similar to the one involved 
in the aerobic degradation of fumagillin. The degradation product (s) 
interfere slightly with the U. V. assay, and correction factors are applied. The 
rate constants for the reaction at 70, 60, 50, and 37° have been evaluated and the 
apparent heat of activation calculated. Half lives at 30, 25, and 4° have been esti- 
mated. Preliminary experiments show that filipin is at least 50 to 100 times more 
stable under nitrogen than in air. A new empirical formula, CszHmOjo, deter- 
mined on especially purified filipin is given. 


F ilipin, a potent antifungal agent isolated 
from Streptomyces filipinensis by Whitfield 
and co-workers (1), is a neutral conjugated 
polyene with an empirical formula of C32H540io.* 
Filipin strongly absorbs ultraviolet light, with 
maxima at 322. 338, and 355 mg (Fig 1, curve 


* Received August 21, 1959, from the Upjohn Co , Kala- 
mazoo, Mich . „ 

Presented to the Scientific Section. A Ph A , Cincinnati 
meeting. August 1959 , . . • * , *■ , 

1 In a previous publication (1) the empincal formula was 
given as CioHmOio Recent analyses, by W A Struck and 
associates of these laboratones, of material vigorously pun- 
fied by G B Whitfield, also of these laboratories, confirm the 
new formula. 


A) Whitfield and associates reported (1) th®* 
filipin IS susceptible to oxidation and that the loss 
of absorbance at 338 and 355 mu closely parallels 
the loss of biological activity. This is to be ex- 
pected since its general structure resembles that 
of another polyene antibiotic, fumagillin; the de- 
gradation of which was studied by Garrett and 
Eble (2, 3, 4) 

In order to determine the normal shelf fife 
of the drug if protected from light, the thermal, 
aerobic, nonphotolytic degradation of crystalline 
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Fig. 1. — Ultraviolet absorption spectra for A, un- 
degraded filipin; B, filipin exposed to air at 70° for 
forty-eight hours; and C, filipin under nitrogen e.x- 
posed to the same conditions. All are at 10 mcg./ml. 
concentration in absolute methanol. 


filipin was investigated. In this kinetic study a 
spectrophotometric assay was used, and the ab- 
sorbance at 355 mp was statistically correlated 
with biological activity. 

EXPERIMENTAL 

Correlation of Spectrophotometric Data with 
Biological Activity. — The calculated concentration’ 
of thermally degraded filipin was statisticallj* cor- 
related with the 5. pastorianus assay procedure of 
Burch and Sokolski (6).’ The spectrophotometric 
data used for this correlation were those obtained 
in the degradation rate study at 70°. 

The statistics of correlation are represented by 
the plot in Fig. 2. The biological assay value (P) 
is given in terras of micrograras of filipin activity 
per milligram of sample as compared ivith a stand- 
ard. The concentration (C/) of filipin as calculated 
from the observed absorbance at 355 m;:t is defined 
as the fraction of the total material that is unde- 
graded filipin. 

The regression equation is P (mcg,/rag.) = 
mC/ -f b where vi and 6 are slope and intercept, 
respectively. The actual equation is P = 967C/ -F 
36. The 95% confidence limits of the slope and 
intercept are ±148 and ±104, respectively. A 
slope of 1,000 meg. /rag., which signifies a 1:1 ratio 
between the variables, and an intercept of zero can 
readily be accepted from these estimates of error. 
Thus it can be concluded that excellent correlation 
exists between spectrophotometric and biological 
assays. If the variation about the regression is 
assumed to be due to error in the bioass.ay and not a 


* The concentration of Glipin was calculated from the ob- 
served absorbance (5) at 355 mp in absolute methanol at 
0;0l mg./ml. concentration. Theory and calculations arc 
siven under RrsiiUs and Discussion. 

• The authors arc indebted to M. Burch and co-workers of 
the Microbiology Department of The Upjohn Co. for the 
biological assays. 


function of the magnitude of the assay, the standard 
deviation of the 5. paslorianus assay may be 
estimated as ±57 meg./mg. and the 95% confi- 
dence limits as ±126 meg./mg. 

Degradation Rate Studies. — One-milliliter ali- 
quots of a 5 mg./ml. methanolic solution of filipin 
were pipetted into 10-ml. amber vials and the solvent 
removed by vacuum distillation. The unsealed 
vials were then placed in covered 1-pound amber 
ointment jars and immersed in constant temperature 
baths at 37 ±3, 50.0 ±0.5, 60.5 ±0.5, and 70.0 
±0.5°. The ointment jars were used (rather than 
just sealing the small vials) to provide a relatively 
large air space, thus keeping the oxygen concentra- 
tion essentially constant. It was necessary to 
seal the system in some way because the samples 
rvere kept in a lighted room, and it was desired to 
keep the reaction nonphotolytic. Samples were 
periodically removed from the baths, diluted with 
absolute methanol to 10 mcg./ml., and assayed at 
355 rtifi using a Beckman model DU spectropho- 
tometer. 

In a preliminary experiment designed to studj' 
the stability of 'crystalline filipin in the absence of 
air, the same procedure was followed as for the 
air samples except that each via! was sealed with a 
rubber stopper and aluminum cap, then evacuated 
and filled with nitrogen by piercing the stopper 
with a hypodermic needle and alternately applying 
suction and nitrogen under pressure. In this 
manner the sealed vials ivere flushed wdth nitrogen 
three times and stored at 70°. 


RESULTS AND DISCUSSION 


Curve A in Fig. 1 represents the spectrum of 
undegraded filipin, curve B the spectrum of filipin 
exposed to air at 70° for forty-eight hours, and 
curve C the spectrum of filipin exposed to nitrogen 
at 70° for forty-eight hours. It is readily apparent 
that the drug is much more stable in the absence of 
air. 

In the aerobic degradation study, it was ob- 
served that the absorbance at 355 mp did not go to 
zero in the expected length of time. Instead, it 
reached an asymptotic value which was different 
for each temperature (Fig. 3), When this value 
was reached, the absorbance declined at a rate 
much slower than the original. 

The asj-mptotic values for the absorbances at 
the various temperatures are as follows : 


Teraperature °C. 


Asymptotic Value, 


70.0 
60.5 
50 0 

37.0 


0.07 

0.10 

0.20 

0.27 


The above data indicated that the first degrada- 
tion step(s) resulted in a product(s) which absorbed 
some light at 355 mp; this material then degraded 
further to give a nonabsorbing product(s). The 
fact that the asymptotic value was different for 
each temperature (it was practically zero at 70°) 
indicated that different degradation products, 
each having a different absorptivity, were formed' 
at the various reaction temperatures. This agrees 
with findings on fumagillin reported by Garrett 
andEble(4). 
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On the basis of the above postulates it became 
necessary to calculate the actual concentration of 
filipin at any time (()■ This would eliminate most 
of the error in the observed absorbance due to the 
contribution of the degradation products(s). 

Let Af = absorbance of filipin in methanolic 
solution (using a 1-cm. cell); o/ = absorptivity of 
filipin in methanol; C; = concentration of filipin 
in the crj'stal lattice of the solid (defined as the 
fraction of total solids that is undegraded filipin); 
and a = volume of methanol in which C/is dissolved 
to give absorbance A j. 

Then 


A, = a,C,/v (Eq. 1) 


Similarly 


Ai = aj-Czlv 


(Eq. 2) 


where x is the degradation product (v is constant 
throughout the calculations). 

At any time (:) let 

Cf + Cz = I (Eq. 3) 

and 


At = A/ -f~ Az (Eq. 4) 


where At is the observed absorbance at any time 

( 0 . 

Then 

At = a/C)/v + OzCz/v (Eq. 5) 

vAi = a/Cf + aj(l — C/) (Eq. 6) 

vAt = a/C/ + — UzC/ (Eq. 7) 

vAi - az = C/(a/ - a*) (Eq. 8) 

C/ = (iiAi — az)/a/ — az (Eq. 9) 

Equation 1 reduces to 

a/ = tAi^ (Eq. 10) 

when t = 0, since then C/ = 1, Ci = 0, Ax = 0, 
and At — A/. Smilarly, Eq. 2 reduces to 

ax = vA,^ (Eq. 11) 


when f = “, since then C/ = 0, Cz = 1, A/ = 0, 
and At = Az. The term is defined as the time 
when filipin is completely degraded to x and x 
has not j'ct started to degrade. It follows that 



vAt 


vA I 


(Eq. 12) 


and 



(Eq. 13) 


Three assumptions are made here: (a) that filipin 
and its degradation products follow the Beer- 
Lambert Law ; (b) that filipin is completely degraded 
to X, and (c) that the rate of degradation of x is 
insignificant compared with that of filipin. The 
first assumption is supported by the results of the 
bio-spectrophotometric correlation study. 

The second introduces some error, since the 
aerobic degradation of a polyene may yield several 
products, each at a different stage of oxidation. 
However, for purposes of calculation it is conveni- 



Fig. 2. — Plot of biological activity (P) in mcg./ml. 
vs. calculated concentration (C/) of filipin as deter- 
mined from U. V. assay at 355 m/t. The solid line is 
of best statistical fit and the dashed lines are 957c 
confidence limits of a predicted P from a specific C/. 



Fig. 3. — Plot showing the absorbances reaching 
asymptotic values, different for each temperature, as . 
the reaction nears completion. 


ent and reasonable to take az as the average 
absorptivity of all the degradation products whose 
concentration in the crystal lattice is Cz. This 
assumption is supported by the fact that equa- 
tions resulting from it give the best fit to the data. 

The third assumption is supported by the be- 
havior of the absorbance values during the kinetic 
studies and by the fact that the deviations from the 
straight line plot (Fig. 4) do not appreciably increase 
as the reaction proceeds. 

When the data were plotted, it was evident that 
the reaction was not zero or first order. Plots of the 
concentration of filipin and log of the concentration 
against time did not yield straight lines. Plotting 
the reciprocal of the concentration vs. time (Fig. ■!) 
resulted in a straight line, indicating that tlie 
degradation was most probably second order with 
respect to filipin. The mechanism of the reaction 
is probably very similar to that proposed for the 
aerobic degradation of fumagillin by Garrett and 
Eble(4). 

The reaction rate constants at the various tem- 
peratures, calculated from the slopes of the corre- 
sponding lines in Fig. 4, are as follows: 

Temperature, °C. Reaction Rate Constants (^}, iw. 

70.0 0.178 

60.5 0.126 

50.0 0.081 

37.0 0.042 

An -Arrhenius plot of the log of the reaction rate 


constants obtained in Fig, 4 against the recipn 


ocals 
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Fig 4 — Plot illustrating the second order thermal 
degradation of crystalline fflipin m the presence of air 
The reciprocal of C/ is plotted against time in hours 
for several temperatures 



Fig 5 — Arrhenius plot of the logarithm of the rate 
constant (k) for the thermal ovidation of filipin 
against the reciprocal of the absolute temperature 

of the absolute temperatures is shown in Fig 5 
The equation of best fit is 

log k = -2Q28IT + 5 17 

The standard deviation of a predicted log at a 
given temperature is 0 014 and that of the slope is 
63 The apparent heat of activation is 9 3 Kg 
cal /mole This heat of activation is very close to 
that for the aerobic degradation of fumagilhn (4) 

The half lives of fihpm at 30, 25, and 4° were 
estimated to be thirty-three, forty three and one 
hundred and forty-one hours, respectively < At 

, The half !i\ es were calculated from the equation hit = 
where C/o is the initial concentration of Hliptn in the 
wild material It can be seen that hi * is a function of initial 
roncentration and that half In es in a second order reaction 
^\e little meaning unless initial concentration is specihed 
I iloireier, in this expenraent it is assumed that the starting 
niatcna! was 100% Olipin, C/o can then be normalized to X 
and the equation reduces to fi/i = 1/k 


first glance, these data indicate that storage of the 
drug would be a major problem 

However, the environment to which the filipin 
was exposed in this study was much more severe 
than that which would exist under normal storage 
conditions Removal of the methanol by vacuum 
distillation left the crystalline filipin with a much 
larger amount of exposed surface area than would be 
normally present Furthermore, the o\j gen supplv 
was essentially unlimited, whereas a bottle nearl> 
filled with drug and kept tightly closed for long 
periods of time (normal storage conditions) would 
contain a limited amount of oxygen 

These postulations are supported by results of 
studies on crystalline fihpm reported by Whitfield 
(7) who found a 25% loss of potency at 25° and 13% 
loss at 4° after one year’s storage in a closed amber 
bottle 

Prehminar} experiments indicate that fihpm 
is 50 to 100 times more stable in the absence than 
in the presence of air (see Fig 1) The half life of 
fihpm in air at 70° is about six hours The apparent 
half life of fihpm under nitrogen at 70° is in excess 
of seven hundred and twenty hours Results from 
the nitrogen experiments are not accurate due to 
leakage of air into some of the sealed vials, and the 
experiments wall have to be repeated However, 
air leakage would cause the apparent half life under 
nitrogen to be shorter than it actually is, therefore 
the true half life is probably longer than the one 
determined m these experiments 

SUMMARY 

1 Spectrophotometnc absorbances at 355 
xtifi give good indication of the progress of the 
aerobic degradation of crystalline fihpm Ab 
sorbances have been statistically correlated with 
biological assays 

2 Crystalline fihpm is rapidly destroyed by 
heat m the presence of air The reaction is oxida 
tive and appears to be second order 

3 The mechanism of the reaction is probably 
similar to the one responsible for the aerobic de 
gradation of fumagilhn 

4 Preliminary experiments indicate that fili- 
pin IS at least 50 to 100 times more stable under 
nitrogen than it is m air 

5 The empincal formula for fihpm is now 
given as C3-H54O10 
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The Complexing Tendencies of Cyanocobalamin 
With Inorganic Compounds* 

Heteromolybdates and Heavy Metal Chlorides 

By RUTH N. HAVEMEYERf and TAKERU HIGUCHI 


The interactions of vitamin Bu with numerous inorganic compounds have been 
investigated. Nine of the compounds studied yielded slightly soluble adducts 
with cyanocobalamin. These were phosphotungstic and phosphomolybdic acid, 
the sodium, nickel, and manganese salts of phospho-12-molybdic acid, and the 
chlorides of gold, platinum, and palladium. Several of the reagents caused a change 
in the absorption spectrum of the vitamin in the system. This effect was found to 
be a function of the concentration of the reagent, but independent of hydrogen ion 

concentration. 


^ I *HE ROLE OF COMPLEX FORMATION of CyanoCO- 
balamin (vitamin Bij) as affects its absorption 
in the gastrointestinal tract has received much 
attention. There have been reports of the ap- 
parent interaction tendencies of the vitamin with 
mucoproteins, sugar alcohols, peptides, and other 
organic compounds (1-4). 

In earlier work from these laboratories, studies 
were carried out on the association tendencies of 
vitamin Bij with several classes of organic com- 
pounds. Szulczewski and Higuchi (5) studied 
the complex formation with sugars, sugar alcohols, 
and phenolic compounds. Mouri and Higuchi 
(6) interacted the vitamin with various carboxylic 
acids, amines, amides, and diols. The investi- 
gation reported at the present time is concerned 
with the binding of the vitamin with heteropoly 
acids and their salts, together with its inter- 
actions with some metal chlorides. 

Studies of this nature were considered of phar- 
maceutical interest from two standpoints. It 
was hoped firstly that they may provide some 
insight into the influence of various additives 
upon the rate and efficiency of absorption of the 
vitamin when taken orally. Secondly, it was 
thought that some dosage form of the depot 
type might be based on the discovery of some 
extremely insoluble complexes formed from 
cyanocobalamin. It would be pharmacologically 
desirable to have available dosage forms of 
vitamin B 12 which would permit its slow and 
controlled release into the system. One possible 
way to realize this might be to form slowly 
soluble molecular addition compounds, or com- 
plexes, suitable for parenteral use. 

Such interactions may reasonably be expected. 


* Received August 21, 1959, from the School of Pharmacy, 

University of Wisconsin, Madison. 

Presented to the Scientific Section, A. Fh. A., Cincinnati 
meeting, August 1959. _ 

t Present address: Squibb Institute for Medical Research, 
New Brunswick, N. J. 


The vitamin B 12 molecule (Fig, 1) includ' 
several groups which might conceivably act i 
complexing sites; these are the amide function 
the orthophosphate moiety, the eyano-coba 
system, and the nucleotide portion of the mol 
cule. Interactions of some of these functioni 
types are well-known. For example, ortht 
phosphates complex strongly with ferric ion (7, 
and simple amides such as acetamide and benza 
mide form crystalline addition compound; 
which can be isolated from aqueous solution, wit 
gold and platinum chlorides (8, 9). Man 
inorganic compounds function as protein pa 
cipitants (10, 11), and some of these may well t 
expected to act similarly upon the cyanocc 
balamin structure. 

Since poorly soluble or slowly soluble adduct 
were desired, some substances of high molecula 
weight were employed as the complexing agents 
Other compounds, such as gold chloride, wer 



Fig. 1. — The structure of cyanocobalamin. 1 , 
printed by permission, from p. 19 of "Vitamm 1 - - 
und Intrinsic Factor," H. C. Heinrich, editor. 
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chosen on the basis of known interactions %vith 
pertinent functional groups. Still others were 
selected for study in an attempt to separate out 
specific ion effects. In addition, such studies 
'' may yield some information as to the sites of 
interaction. 

EXPERIMENTAL 

Reagents, — Heteromolybdates . — Sodium - phospho- 
12-molybdate, sodium-siUco-12-molybdate, sodium- 
2-phospho-lS-mo!ybdate. Climax Molybdenum Co.; 
phosphotungstic acid, Eastman Kodak; phospho- 
molybdic acid, Merck and Co.; manganese-phospho- 
12-molybdate, nickel-phospho-12-molybdate. 

The first five compounds were recrystallized from 
hot water. The last two were not commercially 
available and rvere synthesized by the method of 
Arnfeld, as follows (12): Freshly precipitated 
nickelous (or manganous) phosphate was suspended 
in hot water. To this ^vas added, in small portions, 
the stoichiometric quantity of molybdenum tri- 
oxide which had been recently heated to glowing in a 
porcelain crucible. The suspension was heated 
gently and small quantities of water were added 
until all of the solids dissolved. This solution was 
concentrated over sulfuric acid and yielded greenish- 
yellow crystals. The first crystals to separate, those 
of the phospho-12-molybdic acid, were filtered off 
I in order to separate them from the salt of the 9-acid, 
.\ which are the last to separate. An aqueous solu- 
tion of the 12-acid salt, when treated with ammonium 
or potassium chloride, yields a precipitate. A solu- 
tion of the 9-acid salt shows no reaction with either 
of these reagents. 

Chlorides. — Aluminum, ammonium, barium, cad- 
mium, cobaltous, cupric, ferric, hexamino-cobalt, 
lithium, lead, manganous, mercuric, nickelous, so- 
dium, zinc, auric, platinic, palladous, and potassium 
gold chlorides. 

' All but the last four compounds were recrystal- 
I lized from hot water. These four chlorides were 
used as supplied by the manufacturers; they were 
not recrystdlized because of their hygroscopicity 
and because of the small quantities available. 

Procedure. — ^The method of study was phase 
solubility analysis, using a water bath therraostatted 
at 25 ± 0.05°. The method and the apparatus 
have been described previously (13, 14). 

The crystalline vitamin Bu was weighed into 2-cc. 
vials and sufficient water was added to give a con- 
centration of 20 mg. Bis/Gm. water Sufficient 
reagent was then added to give the desired concen- 
I trations. After a twenty-four-hour equilibrium 
' period, the supernatant liquid was withdrawn 
through medium-porosity sintered-glass disks. These 
aliquots were placed in tared 10-ml. volumetric 
flasks, and the weights of the aliquots were detcr- 
I mined. The diluted samples were analyzed for Bn 
1 content by measuring their absorbance at 550 mp, 
using the Cary recording spectrophotometer model 
IIMS. 

All solutions containing Bn, in free or combined 
form, were saved for recovery of the vitamin. The 
pooled solutions were first lyophilized. and the dry 
powder obtained was rcdissolved to give a concen- 
trated solution. This concentrate was then treated 


by the method of Bernhauer and Friedrich (15) 
to obtain a purified aqueous solution, and the crys- 
talline vitamin was finally precipitated by addition 
of 90% acetone. The acetone used was first puri- 
fied by refluxing it for several hours with potassium 
permanganate and potassium carbonate, and was 
then distilled. The reclaimed vitamin was checked 
for purity spectrophotometrically. 

Sample Calculation to Determine the B,. Con- 
tent of the Diluted Aliquots. — (a) (Absorbance) 
(volume of final soln. /absorptivity) == mg. Bu/lO 
ml., (b) (mg. Bj./lO ml.) (1/weight of aliquot) = 
mg. Bi;/Gm. (c) (mg. Bjj/Gm.) (molecular 
sveight of B 12 ) = 10"* mole Bn/Gm. 

RESULTS 

Heteromolybdates. — Figure 2 shows the curves 
for those interactions which resulted in only an in- 
crease in the solubility of cyanocobalamin; Figs. 3 
and 4 give the complexing curves for those com- 
pounds which interacted with Buto give an insoluble 
form. 



Fig. 2.— -A, sodium-silico- 12-molybdate; B, sodium- 
2-phospho-18-molybdate. 



CONCN. OF ’'X" (M X lOVML.) 

Fig. 3. — A, sodium-phospho-12-molybdate; B, 
nickel-phospho- 12- molybdate; C, manganese-phos- 
plio- 12-molybdate. 


The scatter observed may be the cumulative re- 
sult of the experimental errors, the principal one of 
which is probably the weighing error. It is not the 
result of insufficient equilibration, since the same 
effect was observed when the equilibrium time was 
extended to forty-eight hours. 
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CONCN OF "X" (M X lOVML) 

Fig 4 — A, phosphotungstic acid, B, phospho- 
molybdic acid 

The data for the compounds which gave insoluble 
reaction products are given in Table I The ap- 
proximate stoichiometries of the solid complexes were 
calculated in three ways: (a) from the initial slope 
of the descending portion of the curve; (b) from 
the amount of complexing agent necessary to re- 
move all of the vitamin from the system, determined 
by extrapolating the downcurve of the plots to the 
x-axis The value, total Bn/total agent, is the 
ratio of the concentration of the vitamin to this 
value; and (c) by spectral analysis, accomplished 
by calculating the concentration of Bu from the ab- 
sorbance of a solution of 1 mg of the solid in 25 ml. 
of water. 

Of the three methods, the spectral analysis of the 
solid is probably the most reliable Since the other 
two are based upon calculations from the phase dia- 
grams they have rather large inherent errors in 
them. The doivnslopes, for example, are only best- 
fitting lines by visual (not mathematical) analysis, 
and m at least one of the curves there is considerable 
scatter Also, because of the steepness of the down- 
slopes, it is often difficult to obtain precise numerical 
values therefrom. 

Chlorides. — Of the nineteen chlorides studied, 
platinic, auric, palladous, and potassium gold 
chlorides gave insoluble reaction products with 
cyanocobalamin (Figs 5 and 6, Table II) Mercuric 
chloride is the only one which did not cause an initial 
increase in the solubility of the vitamin (Fig 7). 

Gold, potassium gold, and palladium chlorides 
caused a shift in the spectrum of B^ in the super- 
natant liquid. In the case of the gold salts, the two 
maxima at 550 m;i and 520 m/i blended into one 



0 10 20 30 40 

CONCN OF "X” (M X lO'/ML) 

Fig 5 — A, potassium gold chloride; B, palladium 
chloride. 



0 10 20 30 40 50 

CONCN OF “X" (M X lO'/ML.) 


Fig. C — A, platinum chloride; B, gold chloride 



0 CO 120 ISO 240 

MERCURIC CHLORIDE (MOLE X lO'/ML) 

Figure 7. 


maximiun at about 525 m/x This change is a func- 
tion of concentration of the salt added but is inde- 
pendent of hydrogen ion concentration, as slioim 
by a pH-dependence study using HCl. 

With palladous chloride, also, the spectral sluft 
was dependent upon the concentration of the chlo- 
ride added. However, the spectral change ob- 
served in this system was more complicated, severa 
changes in speetrum being noted with changing 
palladium concentration. 


Table I — ^The Heteromolybdates 


Approximate Molar Ratio 
(BitcAgent) of Solid Complex 
Method of Calculation 


Reagent 

Dow^nslope 

Total Bjj 
Total Agent 

Spectral 

Analysis 

Na-phospho-12- 

molybdate 

10:3 (?) 

1:1 

1:1 

Mn-phospho-12- 

molybdate 

7:2 

7:2 

6:1 

iSri-phospho-12- 

molybdate 

3:1 

5:2 

5:2 

Phosphomolybdic 

acid 

2.7:1 

2:1 

1.7:1 

Phosphotungstic 

acid 

6:1(?) 

8:5 (?) 

4:1 


DISCUSSION 

Heteromolybdates. — The heteropoly anions are 
composed of molybdenum oxide groups which sur 
round a central atom such as potassium, tungstM> 
or silicon. For example, in the phospho-12-mo y 
dates, such as Nai(PMoiiO<o), there is a POi tetra 
hedron surrounded by twelve MoOe octahedra ( 

8). These twelve octahedra are joined together } 
the sharing of oxygen atoms at the corners. In w 
hetero-12-molybdates, there are twelve molybdenun 
atoms to one eentral atom; in the hetero-2, 
molybdates, there are eighteen molybdenum atom 
to two central atoms. The structures of the w 
complex acids used are similar; eaeh consists o 
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Table II. — The Transition Metal Chlorides 



% Change 

Approx Stoichiometry of Solid Complex (Bi?* Agent) 

Upper imit of 



Method of Calculation 


in Bo 

Don nslope 

Total B« 

Spectral Analysis 

Reagent Conen 

Reagent 

Solubilityp 

of Plot 

Total Agent 

of Precipitate 

<10'6Molc/ml) 

HAuCl, 

-100 

3-2 

1:1 

incompletely 






soluble*' 


HsPtCU 

- 16 

1:7 

1:6 

2:3 


XAuCb 

-100 

2:5 

1:2 

incompletely 






soluble 


PdCb 

-100 

1 1 

4:5 

insoluble' 


HgCb 

- 71" 





PbClj 

-kO 6 




*30 

NaCl 

+ 4 




5480 

LiCl 

- 9 




90 

CoCb 6H:0 

+ 15 




44 

NiCI; 6HjO 

+ 15 




49 

CdCb 

+ 16 




114 

MnCli 4H.0 

-f 18 




50 

CuCl; 2H20 

+ 20 




74 

BaCb 

+ 23 




115 

ZnClj 

4- 30 




110 

NH.C1 

-f 30 




656 

AlCb 

+ 30 




46 

lCo(NH3)E]Cb 

+ 53 




173 

FeCl, 6H2O 

-(- 65 




58 


4* Indicates increase in solubility and — indicates decrease in solubility, calculated at reaR’eflt concentration in column 
6 ^ One milligram incompletely soluble in 25 ral of water c One miUigrara insoluble in 25 ml water d See Fig 7 


PO4 tetrahedron surrounded by six XOe octahedra, 
where X is molybdenum or tungsten These com- 
pounds are generally highly hydrated and may con- 
tain as many as forty molecules of water Some of 
^ these water molecules are intimately bound in the 
crystal lattices and others are apparently zeolytic, 
i e , they are lost on heating because they are not 
part of the crystal structure (IG, 17) 

The molecular weights of the heteromolvbdates 
range from 2,000 to 4,000 Because of the com- 
plexity of these anions, there is still much confusion 
as to their structures and bond types Another 
complication is that in solution there is an equilib- 
rium between several of the anionic species 




THE PHOSPHO-12-MOLYBDATE 
MOLECULE 

E»CM • RernESEHTS ONE M»0, OcTEHtORON 
HENCE, THERE ARE 

IE Us 0^ CROURSa PO^SROUP 


Figure S. 


From the complexing data, it would appear that 
for the several compounds studied, the ratio of 12 
Mo: 1 P in the structure of the heteromolybdate is 
required to obtain an insoluble or slowly soluble 
adduct with the vitamin 

Chlorides. — The first chlorides studied were 
those of gold and platinum, since it was known that 
they react with acetamide groups (8, 9) The re- 
sults of these interactions with vitamin Bis led to 
the investigation of other chlorides 

The spectrum change observed as a result of the 
interactions of the vitamin with gold and potassium 
gold chlorides is similar to that reported by Kaczka, 
et al , on work done with various Bu analogs, in 
which the cyanide group coordinated to the cobalt 
in the Bi; molecule was replaced with hydroxide, 
chloride, bromide, sulfide, sulfate, nitro, and cyanate 
groups (18) Hence, it is possible that cyanoco- 
balamin is no longer present in solution Possible 
causes of such spectral shifts may be replacement of 
the cyanide by other anions, interaction of the 
cation with the molecule in such a way as to dis- 
turb the conjugated bond system which is respon- 
sible for the characteristic absorption spectrum of 
vitamin Bu, or oxidation-reduction reactions due to 
the presence of the auric ion The shifted peak 
obtained in this study, 525 ntfi, could conceivably 
correspond to that of csmnatocobalamin (18). 

A photometric study was undertaken in which a 
saturated solution of gold chloride or palladium 
chloride was added dropwise to a rapidly stirred 
vitamin Bu solution The titration flask was 
connected to a Corex cell (19), and the spectrum of 
the resultant solution was recorded after each addi- 
tion of the metal chloride In each case, the reac- 
tion which resulted in the changing spectrum was 
found to be time dependent. 

The spectral changes observed in the palladium 
chloride-cyanocobalamin system seem to indicate 
that there are several comple,x species forming. 
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We were unable to determine isosbestic points in 
those samples in which the agent was present in 
concentrations low enough to form soluble species, 
and it may be that at all reasonable concentrations 
of palladium chloride there are more than two species 
in equilibrium Since the palladium salt used, palla- 
dous chloride, is not palladium in its highest oxida- 
tion state, a more complex oxidation-reduction 
reaction may be occurring It may be for this rea- 
son that the spectral shift is not constant 

The infrared spectra of several of the insoluble 
reaction products were inconclusive as regards the 
nature of the reactions taking place 

The decrease in solubility observ’ed with mer- 
curic chloride and vitamin B 12 may be the result of 
a salting out effect or a medium effect upon the ab- 
sorption spectrum The latter is perhaps a more 
feasible explanation, since the concentrations of 
mercuric chloride used were very low It seems 
reasonable to expect that if there were complex 
formation between these eompounds, then an initial 
plateau region would result until all of the solid ex- 
cess Bj." in the system had reacted 
The majority of the metal chlorides employed in 
this study resulted in an increase in the solubility of 
the cyanocobalamin (Table II), but without a sub- 
sequent decrease These compounds may be of 
value as additives to aid in the increased absorption 
of vitamin Bii preparations, or they may prove to 
be useful in the stabilization of the vitamin in solu- 
tion 
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Antioxidants. The Microdetermination 
of Hydroquinone* 

By MOHAMED Z. BARAKAT, SAAD K. SHEHAB, and ABDEL MAKSOUD ABDALL 


A new titrimetric method for the microdetermination of hydroquinone is described. 
This method is recommended for the assay of fats and oils, photographic developers, 
and ether anesthetics. The assay is carried out within limits of 0.5 to 2 rag. of hydrti- 
quinone. The procedure is quite simple and rapid but yet shows relatively high 
accuracy over the suggested range. The experimental error does not exceed ±2 


per 

H ydroquinone is an effective antioxidant for 
fats and oils (1-5). In tropical districts, 
hydroquinone is used as a preservative for ether 
anesthetics (6) . Furthermore, hydroquinone is a 
prominent constituent in photographic developers 

* Received July 22, 1959, from the Faculty of Veterinary- 
Medicine, Cairo University, Giza, Cairo, Egypt 


(7) Hence, our interest in the microdetermina 
tion of hydroquinone 

Previously, various methods have been re- 
ported (8-12) for the determination of hydro- 
quinone Of these, the titrimetric methods are 
used extensively because of their rapidity an 
simplicity So far as we are aware, certain e 
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iects are involved in the previously known 
w volumetric methods (13-16). Moreover, the 
reported experimental error (17) is outstanding, 
, being ±20 per cent. 

The present investigation deals with a new 
7 ’ easy, rapid, and accurate titrimetric method for 
the microdetermination of hydroquinone 

~ EXPERIMENTAL 

t 

' Equipment. — A microburet of 5-ml capacity, 

graduated in hundredths of a milliliter, graduated 
pipets of 1', 2-, and 5-ml capacity, Erlenmeyer 

- flasks of 25-, 50-, 100-, and ESO-ml capacity 

Reagents. — Aqueous potassium iodide solution, 
, d% iv/v, aqueous starch solution, 1% w/v, a 
saturated aqueous sodium bicarbonate solution; 
< aqueous N-bromosuccinimide solution, 0 1% w/v, 
. which may be serially diluted 10 times as required 

Validity of Reaction for Quantitative Estimation. 

- — ^The authors decided to verify the action of N- 
bromosuccinimide on hydroquinone (18) from a 

' quantitative point of view Practically it was 
' found that one molecule of hydroquinone was 
c oxidized by one molecule of N-bromosuccinimide. 
The reaction was also valid to estimate hydro- 
quinone in concentrations as low as 55 v per 5 ml. 
of solution 

Procedure — Into a 50-ml Erlenmeyer flask, 
i a known volume of the unknoivn hydroquinone 
solution is introduced, i e , 1 ml contains 1 mg 
k.ol hydroquinone Then an equal volume of 
saturated sodium bicarbonate solution, 6 ml of 4% 
potassium iodide solution, and 10 drops of starch 
solution as an indicator are added Tlie aqueous 
N-bromosuccinimide solution (0 1%) is introduced 
into the microburet and is allowed to run, drop by 
drop, into the hydroquinone solution, with contin- 
uous shaking The end point is reached when the 
last drop of the N-bromosuccinimide solution 
added produces a permanent blue color in the 
hydroquinone solution (Table I) 

A 0 1% hydroquinone solution was estimated 
simultaneously, with 0 01 jV iodine (Table II) 

METHOD OF ASSAY 

Fats and Oils. — For the estimation of hydro- 
quinone in fats or oils, the following method is 
recommended A known weight or volume of the 
fat (10 Gm ) or oil (10 ml ), respectively, contain- 
ing 0 5 to 2 mg of hydroquinone, is dissolved in 
150 ml of ether; in case of oils the pipet being 
washed twice with ether Then the procedure for 
estimation of pure hydroquinone solutions is 
follow ed but the end point is violet 
- This method has been successfully applied to 
butter, lard, and cod liver oil Hydroquinone 
X i (0 1 Gm ) was dissolved in ether (100 ml ) in a 
stoppered standard flask and 20 ml of this ethereal 
solution (containing 20 mg of hydroquinone) was 
; ■ added to 100 Gm of freshly melted butter or lard 
: and to 100 ml of cod liver oil The ether was 
j.; evaporated and each sample was allowed to cool 
Consequently, 10 Gm of butter or lard and 10 
** nil of cod liver oil should contain 2 nig of hydro- 
quinonc (Table III). 


Tabee I. — Estimation of Pure Hydroquinone 
Solutions by 0.1% NBS" 

Hydroquinone content = F X C X 110/178 
(mg. or meg ) where F = volume of N-bromosuc- 
cinimide solution and C = concentration of N- 
bromosuccinimide solution either in mg or meg 





0 1% 



Hydro 

Vol- 

Con- 

NBS 



quiuoue 

ume, 

tent. 

Used, 

Bound, 

Error, 

Soln , % 

ml 

mg 

ml 

rag 

% 

0 6 

1 

5 

8 15 

5.04 

0 so 


2 

10 

16.20 

10 01 

0 10 

0 4 

1 

4 

6.45 

3.99 

0 25 


2 

8 

13 00 

8 03 

0 38 

0.3 

1 

3 

4.85 

3.00 



2 

6 

9 90 

6.12 

2 00 


3 

9 

14 50 

8 96 

0 44 

0 2 

1 

2 

3 20 

1.98 

1 00 


2 

4 

6.50 

4 02 

0.50 


3 

6 

9.70 

5 99 

0 17 


4 

8 

13 00 

8.03 

0 38 


5 

10 

16 20 

10.01 

0 10 

0 1 

10 

10 

16.00 

9 89 

1 10 


9 

9 

14 60 

9 02 

0 22 


8 

8 

13 00 

8.03 

0 38 


7 

7 

11.40 

7 04 

0 57 


6 

6 

9.90 

6.12 

2 00 


5 

5 

8 15 

5.04 

0 80 


4 

4 

6.55 

4 05 

1.25 


3 

3 

4 85 

3 00 



2 

2 

3 25 

2.01 

0 50 


1 

1 

1 60 

0.99 

1 00 


a N'Bromosuccinimide solution 


Table II — Comparative Analysis by Proposed 
Method and by Iodine 


01% 
Hydro- 
quinone 
Soln , 

Con- 

tent, 

Found 

by 

0 1% 
NBS. 

Error, 

Found 

by 

0 01 y 

Iodine, 

Error, 

ml 

mg 

mg 

% 

mg 

% 

10 

10 

9 98 

0 20 

10 01 

0 10 

8 

8 

8 03 

0 38 

7 98 

0 25 

6 

6 

6 05 

0 83 

6 05 

0 83 

4 

4 

3 96 

1 00 

4 13 

3 25 

2 

2 

2 04 

2 00 

2 09 

4 50 

1 

1 

1 01 

1 00 

1 045 

4 60 


Table HI — Deterotnation of Hydroquinone 
in Butter, Lard, and Cod Liver Oil 


Sample 

Weight 
of Fat 
or Volume 
of Oil, 

Gm or ml 

Hydro- 

quinone 

Con- 

tent. 

mg 

0 1% 
NBS 
Used, 
ml 

Hydro 

qmnone 

Found, 

rag 

Error, 

% 

Butter 

10 

2 

3 20 

1.98 

1.00 

Lard 

10 

2 

3 18 

1.97 

1.50 

Cod liver 

10 

2 

3 30 

2.04 

2.00 

oil 

5 

1 

1.60 

0.99 

1.00 


2 5 

0.5 

0 80 

0.49 

2.00 


Photographic Developers. — One e.xample is suf- 
ficient to illustrate the validity of the assay method, 
e g , tlie following solution ; 

Meto! . , 

Sodium sulfite 
Hydroquinone 
Sodium carbonate . 

Potassium bromide. . . 

Water ad. . . 


0.1 Gm. 
1 3 Gm. 
0.3 Gm. 
2.6 Gm. 
0.1 Gm. 
100 ml. 
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Method. — To 2 ml of the developer add 20 ml 
of 10% barium chloride solution, shake well, and 
filter after ten minutes (away from sunlight) 
To the filtrate apply the same procedure for pure 


hydroquinone 

violet 

solutions 

Onl}' 

the end 

point is 

Dev eloper, 
ml 

Hydro 

quinone 

Content, 

mg 

0 1% 
NBS 
Used, 
ml 

Hydro- 

quinone 

Found, 

mg 

Error, 

% 

2 

6 

9 90 

6 12 

2 00 


Ether Anesthetics. — The same procedure for 
pure hydroqumone solutions is adopted The 
results of estimating 1% w/v of hydroquinone in 
ether and a serial dilution (10 times) of it are given 
in Table 

RESULTS 

Interfering Substances. — The only interfering 
substance that is also oxidized by N-bromosuc- 
cinimide before iodine is liberated from potassium 
iodide includes sulfite present m photographic 
developers but it is eliminated in the form of in- 
soluble barium sulfite Metol has no influence 
on the titration process 

Experimental Error. — From the results given in 
Tables I to IV, it has been deduced that the error 
of the proposed method does not exceed ±2% 

DISCUSSION 


Table IV — Estimation of Hydroquivove 

IN Ether° 


Volume of 

Hydroquinone 0 

1% NBS Hydroquinone ' 

Ether, 

Content, 

Used, 

Found, Ftrof 

ml 

mg 

ml 

mg '1 

1 

10 

16.20 

10 01 0 l( 

10 

10 

16 30 

10.07 0 7( 

8 

8 

13 10 

8 10 12; 

6 

6 

9 80 

6 06 1 (K 


Dilution, 10 X, I mg per ml 


aqueous medium, but it oxidizes Indroquinoi 
preferentially Until all the hydroquinone prcsci 
in the solution is oxidized, no iodine is libemti 
from potassium iodide Tiie slightest excess of 1 
bromosucciiiimide added, after all the hydroquinoi 
content has been oxidized, will liberate iodine fro 
potassium iodide, which is easily detected b\ fl 
blue color developed with a few drops of stari 
solution added at the beginning of the titratii 
process The end point is definitely blue in tl 
case of pure solutions but violet in the case of fat 
oils, and photographic developers 

The proposed method is applicable even to sue 
low concentration as 55 meg. of hydroquinon 
Only 0 01% N-bromosuccinimide is used in tl 
titration process and a blank experiment is siniiilt; 
neously carried out The blank reading (0 09 m 
of 0 01% NBS) is subtracted from the titratio 
result before calculation is made 


N-Bromosucemimide in aqueous medium readily 
oxidizes an aqueous solution of h3'droquinone to 
benzoquinone, while N-bromosuccinimide is ir- 
reversibljr reduced to succinimide with the forma- 
tion of hj'drogen bromide The reaction proceeds 
quantitative!}', m the presence of sodium bi- 
carbonate, in equimolecular concentrations accord- 
ing to the equation 


CH2CO CH.CO 

I , 

CHoCO CH2C0 

OH 


>NH -h -f- HBr 


Sodium bicarbonate eliminates hydrogen bromide 
as soon as it is formed and consequently the re- 
action proceeds forward to completion The fact 
that hydroquinone is selectively oxidized by N- 
bromosuccinimide (19, 20) before iodine is liberated 
from potassium iodide, provides a reliable titri- 
raetric method for the determination of hydro- 
quinone 

N-Bromosuccinimide is an oxidizing agent and 
thus can liberate iodine from potassium iodide in 
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Isomerization of Vitamin A in Aqueous 
Multivitamin Drop Preparations* 

By ROBERT W. LEHMAN, JOHN M. DIETERLE, WILLIAM T. FISHER, 

and STANLEY R. AMES 

Seven samples of aqueous multivitamin drop formulations were prepared using 
three different samples of all-tm/K-vitamin A palmitate. These were assayed after 
three, six, nine, and twelve months’ storage at 37°, and after nine, twelve, and fifteen 
months’ storage at 2 5 The rate of apparent deterioration of vitamin A was depend- 

ent on the assay method used, being least for the antimony trichloride blue-color 
assay, intermediate for the U. S. P. spectrophotometric assay, and greatest for the 
rat liver-storage bioassay. The vitamin A isomer composition was studied by 
reaction with maleic anhydride and by examination of infrared absorption spectra 
of purified vitamin A aldehydes made from the preparations. _ Results of this study 
indicate that during storage in the multivitamin drop preparations, all-rntBr-vitamin 
A isomerizes to a mixture containing not only all-trans- and 2-mono-«V- (neo- 
vitamin A), but also significant quantities of 6-mono-CM- and 2,6-di-c/s-isomers, 
which have low biological activity. 


J^iT^uiiN A (see Fig 1) has five conjugated 
^ double bonds, some of which can exist in 
either the trans- or cts- configuration In 1939, 
Pauling (1) postulated that two of these double 
bonds, 2 — 3 and 6 — 7, were “stereochemically 
effective" and could exist readily in either the 
Imtis- or m-configuration , and that other 
isomers were unlikely because they would be 
stencally hindered These isomers have been 
prepared by Robeson, ei al (2), and their proper 
ties determined (2, 3, 4) Table I gives some of 
the analytical properties in terms of the “po 
tenaes” obtained by different assay procedures 



oil - Irons 6-mono-as 

2-mono-cis(neo) 2.6-di-cis 

Fig 1 — Isomers of vitamin A 
EXPERIMENTAL 

In our present studies we prepared seven aqueous 
multivitamin drop preparations Thcv were made 
iMth commercial, all-/rons-vitamm A palmitate. 
contained Tiieen 80 as the dispersing agent, and 
were adjusted to pH 5 3 411 contained about 

6,000 U S P units of vitamin A, 1 rag of thiamine, 

• Received August 21, 1959 from the I aboralortes of Die 
liUatiou Products Industries Division of rastman KodaV 
Co , Rochester, NY 

Presented to the Scientific Section A Pn A , Cincinnati 
n'«Ung. August 1959 . „ „ , . „ . 

The expert technical assistance of H A Risle> and w J 
Swanson of the D P i Biochemical Research Department 
M H Stern and W P Blum of the D P i Orjjanjc Research 
~ Q II Wait of the 

• abornior\ greatb assisted 


and °0 mg of ascorbic acid in a "dose” of 0 6 cc 
In addition, four of the preparations also contained 
0 4 mg riboflavin, 2 mg calcium pantothenate, and 
5 mg nicotinamide per 0 6 cc The preparations 
Here divided into individual bottles and tightlv 
capped under nitrogen for assay after storage for 
three, six, nine, and twelve months at 37°, and for 
nine, twelve, and fifteen months at room temper- 
ature (controlled at 25°) 

The rate of apparent deterioration of vitamin A 
was measured by three different assay methods 
the antimony trichloride blue-color procedure (4), 
the U S P XV spectrophotometric procedure (5), 
and the rat slope ratio liver-storage biological assav 
( 6 ) 

The recovery data obtained for the preparations 
stored at 37° are summarized m Fig 2 .Antimony 
trichloride blue color determinations and U S P 
spectrophotometric assays were obtained on practi- 
cally all of the preparations at all storage periods 
Bioassays were obtained on several of the prepara 
tions Similar data at 25° are given in Fig 3 

It IS apparent that two different changes are 
taking place at the same time The vitamin A is 
decomposing chemically', and this is the change of 
greatest magnitude Howev'er, as decomposition 
takes place, there arises a sv stematic discrepanev' 
between three different assav procedures The 
apparent rate of decomposition is least bv the 
antimony' triclilondc blue-color assav , it is inter- 
mediate by the U S P XV assav , and it is greatest 
by' the rat liv er-storage bioassay 

One explanation for the divergence of the three 
assav' procedures is that v itamm A isomerizes 
Reference to Table 1 will illustrate how vitamin A 
isomers respond to the different assav methods 
A mixture of the four isomers should be expected to 
have a lower "potenev ” bv U S P XV assay than 
bv antimony tnchlondc blue color, since all four 
isomers give the same colorimetric value while 
three of the isomers have lowered U S P values 
Likewise, the biological potenev of a mixture of 
four isomers should be lower than tliat obtained bv 
either of the phv sico chemical assav procedures 

The per cent recovencs found bv eacli assai 
procedure, as presented m Figs 2 and 3, are averaged 
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Table I — Properties of Geometric Isomers of Vitamin A Palmitate" 



Antimony 

Tnchlonde 

Blue-Color 

U S P XV 

Relative 

U S P XV 
“Potency,” 

% of 

Biolo^cal 

Relative 
Biopotency, 
% of 

Relati\e 

Isomer 

“Potency," 

"Potency," 

Blue- 

Potency, 


% of 

u /Gm 

u /Gm 

Color 

u /Gm 

Color 

U S P XV 

All-trans 

1,818,000 

1,818,000 

100 

1,818,000 

100 

100 

2-mono-cjs 

1,818,000 

1,301,000 

72 

1,370,000 

75 

105 

6-mono-«s 

1,818,000 

1,263,000 

69 

413,000 

23 

33 

2,6-di-cfs 

1,818,000 

1,320,000 

73 

413,000 

23 

31 


» From data on vitamm A acetates published by Robeson, el al (2), Ames, el al (3), and Embree, el al (4), calculattd 
stoichiometrically for the palmitate ester, since none of the properties given is affected significantly by the ester form 



Fig 2 — Vitamin A recovery in multivitamin drop 
preparations stored at 37° 



Fig. 3 — Vitamin A recover 3 ' in multivitamin drop 
preparations stored at 25° 


in Table II In interpreting these data, we consider 
that chemical destruction of vitamin A is most 
accurately measured by the change in the blue- 
color assay; and that the ratios of U S P XV 
potency to blue-color potency and of biopotency to 
blue-color potency are indicators of isomerization 
Thus, the effect of isomerization, independent of 
chemical destruction, can be seen in Table III 
Here the relative potencies are shown at each 
storage period. The U S P. XV and biological 
"potencies” are expressed as a percentage of the 
blue-color "potency,” and the biopotency is ex- 
pressed as a percentage of U S P XV potency 
Results are shown both at 37 and 25 storage 


Table II — % Recovery of Vitamin A in Aqueous 
Multivitamin Dispersions 



. 


Monti 

IS— 


1 ° 

3 

6 

9 

12 

15 

Antimony Trichloride 






Blue- Color 

94 

82 

72 

62 


USP XV 

82 

71 

62 

55 


Biological 

:<> 

77 

66 

53 

44 


) 

Antimony Trichloride 






Blue-Color 



102 

88 

84 

U S P XV 



82 

79 

77 

Biological 



69 

62 

63 


Table III — "Relative Potency” of Vitamin A 
IN Aqueous Dispersions 


ro 

3 

G 

0 

12 

15 

USP. XV/Antimony 

Trichloride Blue-Color 

86 

85 

80 

88 


Biological/U S P XV 
Biological/Antimony 

94 

92 

84 

80 


Trichloride Blue-Color 

81 

78 

72 

70 


) 

U S P. XV/Antimony 

Trichloride Blue-Color 
Biological/U S P XV 
Biological/ Antimony 



83 

78 

89 

70 

77 

71 

Trichloride Blue-Color 



65 

08 


Upon storage, the relative biopotency drops v itliin 
the first few months of storage and then levels off 
at a value near 70% of the antimony trichloride 
blue-color value Likewise, the relative biopotenev 
drops and levels off at about 80% of the U S P 
value It appears that most of the isomerization 
effect takes place during the first few months of 
storage 

Another indicator of isomerization is the reaction 
of vitamin A with maleic anhydride This has 
been used (2, 4, 7) to determine the proportion of 
the total vitamin A present that has a cir-configura- 
tion at the 2-position Expressed as "maleic 
value,” its relationship to biopotency is the subject 
of a companion paper (8) 

Table IV presents the averages of the maleic 
values obtained at 37° and at 25° for the different 
storage periods Upon storage at 37°, the maleic 
x-alue levels off at about 25%, ivhile at room temper 
aturc It reaches 34% It is still uncertain vhcthtr 
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Table IV. — Maleic Value of Vitamin A in 
Aqueous Dispersions 





■ 




b 

3 

6 9 

12 

35 

37° 

6 

22 

27 26 

24 


26° 

6 


27 

30 

34 


or not the final equilibrium is the same at 25° as a 
37° 

A third measure of isomerization depends on the 
infrared absorption curves of purified vitamin A 
aldehydes (9, 10, 11) Figure 4 shows the infrared 
absorption curves over a very narrow wavelength 
range for all-lrans- and 6-raono-cis-vitamin A 
aldehydes At 8 6 the all-tranr-vitamin A has an 
absorption peak where the 6-mono-ns-isomer has 
an absorption minimum The reverse occurs just 
below 8 75 n In the remainder of the infrared 
region, the absorption curves of these two isomers 
are nearly identical The absorption curve for 
2-mono-cij-vitamin A is similar to that of all- 
Irans while the curve for 2,6-di-cir- is similar to 
that of the 6-mono-cii-isomer 

Two of the aqueous multivitamin drop prepara- 
tions in the present study were examined by infrared 
absorption after storage for one year at room 
temperature They were saponified, the unsaponifi- 
able fractions oxidized to vitamin A aldehyde, and 
then purified for infrared analysis Both were 
estimated (10) to contain 18% of their vitamin A in 
the 6-mono-cis- and 2,6-di-cij-forms A third 
preparation was similarly examined after fifteen 
months’ storage at room temperature It was 
estimated to contain 21 % combined 6-cis-isomers 

CONCLUSIONS 

All-frans-vitamin A isomerizes on storage in 
aqueous multivitamin drop preparations The 
resulting equilibrium mixture contains isomers 
of much lower biological potency than all-/rans- 
and 2-mono-CT5-vitamin A The relationships 
between the different “potencies” found by 
rat liver-storage bioassay, by U S P- XV 
spectrophotometric assay, and by antimony 



Fig 4 —Infrared absorption curves, partial, for all- 
trans- and 6-mono-cfV vitamin A 


trichloride blue-color assay indicate that the 
6-mono-CM- and 2,C-di-m-isomers are formed; 
their presence is confirmed by infrared absorption 
measurements These effects are in addition 
to the chemical decomposition of vitamin A that 
takes place at the same time. 
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Estimation of the Biological Potency of Isomerized 
Vitamin A Palmitate in Aqueous Multivitamin 
Dispersions from Maleic Values* 


By STANLEY R. AMES, WILLIAM J. SWANSON, and ROBERT W. LEHMAN 


The relative biopotencies on a blue-color basis and the maleic values of isomerized 
all-/ra«r-vitamin A palmitate from stored aqueous multivitamin dispersions are 
related by the cubic regression equation: relative biopotency = 99.5 — 0.2 (MV) — 
0.0 5 1 (MV) ^ -|- 0 000768 (MV) Using this equation, the vitamin A biopotency of 
aqueous multivitamin dispersions can be computed from chemical data. This 
cubic equation relating the relative biopotency and maleic value was successfully 
applied to a number of mixtures of vitamin A isomers of both synthetic and natural 
origin. The presence of 6-cM-isomers of low biological potency in such mixtures 
of vitamin A isomers is indicated. 


"XTitamin a palmitate, stored in aqueous 
’ multivitamin dispersions, has been reported 
by Lehman, et al (1), to isomenze to a mixture of 
isomers Not only was 2-mono a5-(neo) vitamin 
A formed, but, m addition, substantial amounts 
of the 6 as-isomers (6-mono-cts- and 2,6-di cts-) 
were formed The degree of isomenzation can 
be readily determined by bioassay of the aqueous 
dispersion However, there is real need for a 
rapid chemical procedure to estimate the bio- 
potenc}' of a mixture of vitamin A isomers 
The data m this communication further substan- 
tiate the report of Lehman, et al (1), that isomers 
of low biological potency (G-as isomers) are 
formed in aqueous multivitamin dispersions 
Relative biopotency and maleic value are related 
by a cubic equation 

EXPERIMENTAL 

Preparations Tested. — Some of the aqueous 
multivitamin dispersions were prepared in the 
laboratory as previously described (1) Others 
were samples of commercial products of known 
composition and length of storage All samples 
had initially been prepared from alU/rani-vitamin 
A palmitate 

Maleic Value Determination. — Maleic anhydride 
forms a condensation product of the Diels Alder 
type with those vitamin A isomers in which both 
the 2 — 3 and 4 — 5 double bonds are irons The 
use of this reagent for the assay of neovitamin A 
in mixtures with all t ran s-vitamm A was descnbed 
by Robeson and Baxter (2) The reaction of maleic 
anhydnde with 6-raono cis-vitamin A was described 
by Robeson, et al (3) Details of the procedure 

* Recei\ed August 21, 1959 from the Research Laborator 
les of Distillation Products Industries Division of Eastman 
Kodak Co , Rochester NY , c. ^ 
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Vitamm A’ rTiAxiiTnc 

The expert technical assistance of H A Kisle> j M 
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meeting, August 1059 


have been previously described bj Embree, ct al 
(4) Thus, the maleic value measures the amount 
of unreacted 2-mono cts- and 2,6 di-cii-vitamin A 
The maleic value is computed from the follouiiig 
equation 

Maleic value (%) = = § X 100 

J\2 — Jil 

where H = recovery of vitamin A in the test sample 
The constants i?i and Re have been recenth rc 
evaluated (5) for vitamin A esters Ai = 20in(i 
As = 93 4, for vitamin A alcohol Ai = 1 1 andi?i = 
89 5 

Bioassay Procedure. — The vitamin A biopotcncics 
of aqueous multivitamin dispersions were deter 
mined by the slope ratio hver-storage procedure 
of Ames and Harris (6) In this procedure, nts 
are supplemented with 1,000 to 2,000 units of 
vitamin A during a one- to three daj period The 
livers are removed forty-eight hours after tlie 
final dose and analyzed for vitamm A bj Oic 
procedure of Ames, Risley, and Harris (7) Some 
aqueous dispersions were administered by quantita 
tive oral injection into the rat’s stomach and 
compared with U S P vitamm A reference 
solution (8) similarly administered In most 
cases, the aqueous dispersions were saponified and 
an oil solution of the nonsaponifiablc matter 
administered orally by dropper and compared \iita 
nonsaponifiablc fraction from the U S P vitamin 
A reference solution similarly administered 

In this report 

Relative biopotency (%) — 


Biopotency y joo 

Chemical potency by antimony’ 
trichloride (blue-color) determination 


since the determination of vitamm A with antimon) 
trichloride is the best measure of total vitamm ■ 
irrespective of isomeric structure (4) The rclatnc 
biopotencies for the four vitamin A isomers arc 
all trans-, 100%, 2 mono-cii , 75%, 6 mono 
23%, and 2.6 di cts , 23%, as previously reported 
b> Ames, etal (9) 


' The U S P Mtamm A reference solution was 
e stTndard for the antimony trichloride (blue color; 
ination (4) of \i(amin A 
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RESULTS 

A series of aqueous multivitamin dispersions of 
all-lraiis-vitamin A palmitate were stored for 
varying lengths of time. Maleic values and 
relative biopotencies on a blue-color basis were 
determined. The results of fifty-three analyses, as 
plotted in Fig. 1, indicated that the relative bio- 
potency varied inversely with the maleic value. 
The linear regression of relative biopotency on 
maleic value was computed, but on inspection failed 
to fit the observed data for maleic values less than 
ten. However, the cubic regression of relative 
biopotency on maleic value showed the required 
curvature at low maleic values, and fit the data more 
closely tlian either the linear or quadratic regression. 
Coefficients for the quadratic and cubic terms are 
statistically significant, as shown in Table I. The 
equation for the cubic regression plotted in Fig. 1 is 

Relative biopotency = 99.5 — 0.2(MV) — 

0.051(MV)s + 0.00076S (MV)’ 

with standard deviation of the calculated relative 
biopotency minus observed relative biopotency 
equal to 3.55. 


Table I. — Significance of the Cubic Regression 
y — a + bx cx^ dx^ 


Term 

Coefficient 

O’(eoeffici«n0 

/(ctrtScieaO 

Constant 

(c) 

99.5 

0.89 

111.0- 

Linear (6) 

0.2 

0,33 

0.491 

Quadratic 

(c) 

0.051 

0.022 

2.30^ 

CuW (d) 

0.000768 

0.000379 

2 03*' 

df 

ti 

00 

li 

0.05. t = 2,01. 


“ Highly significant. 
Significant, 



Fig. 1.— Relative biopotency (RP) tu. maleic value 
(MV) for all-Jranr-vitamin A isoraerizcd in aqueous 
inulUvitamin dispersions. 


The relative biopotency of a mixture of alUtrans- 
and 2-mono-cir-vitamin A can readily be computed 
from maleic values by the linear equation plotted 
in Fig. 1. The bioassay results found with all- 
Jranr-vitamin A palmitate stored in aqueous 
multivitamin dispersions can not be explained by the 
isomerization of all-irons-vitamin A only to the 2- 
mono-cis-isomer. These data further substantiate 
the conclusions of Lehman, el al. (1), that in an 
aqueous dispersion all-lranr-vitamin A isomerizes 
to a mixture of isomers including the 6-mono- 
cis- and 2,6-di-cir-isomers, which have low biological 
potency. 

Several previous attempts to relate the relative 
biopotency with various chemical or spectral 
properties of the vitamin A isomers met with limited 
success. The use of least squares statistics to relate 
the relative biopotency and maleic value is empirical, 
but offers the best practical solution yet developed. 
The linear, quadratic, and cubic regressions of rela- 
tive biopotency on maleic value were compared. 
The quadratic coefficient in the quadratic regres- 
sion was not statistically significant, and this equa- 
tion was therefore rejected. The cubic regression 
equation is preferred to the linear form because of 
both a better fit to the observed data at low maleic 
values and a lesser overall standard deviation of 
calculated minus observed relative biopotency. 
The cubic form of the regression equation suggests 
that initially, all-(rans-vitamin A palmitate isomer- 
izes more rapidly to the 2-mono-cis-isomer which has 
75% of the biopotency of all-lranr-vitamin A than to 
the 6-m-isomers which have only 23% of the bio- 
potency of all-frcKr-vitamin A. 

This isomerization of all-(m«5-vitamin A palmi- 
tate in aqueous multivitamin dispersions appears to 
reach an equilibrium. Even after prolonged storage, 
the relative biopotency does not drop below 60- 
70% nor does the maleic value increase to values 
greater than 30-40%. Such an equilibrium mix- 
ture has been previously described by Ames, el al. 
(10), for vitamin A isolated from rat livers, and cor- 
responds to a mixture of the four isomers in which 
the ratio of trans- to cjs-isomer about each of the two 
double bonds, 2 — 3 and 6 — 7, is 2 to 1. Chemical 
isomerization of 2-mono-cis-vitamin A esters results 
in an isomer mixture with similar properties (3). 
Thus, a similar mixture of vitamin A isomers can be 
formed by isomerizing either all-lranr- or 2-mono-cis- 
vitamin A. 

APPLICATION TO OTHER ISOMER 
MIXTURES 

The cubic regression equation described above 
has shown excellent results in predicting relative 
biopotencies from observed maleic values for vitamin 
A palmitate stored in aqueous multivitamin disper- 
sions. Application of this equation to other mixtures 
of vitamin A isomers was tested. Preisomerized 
vitamin A palmitates were obtained by chemically 
isomerizing the all-lrans-isomer by various proce- 
dures (2, 11). Twenty-seven such preparations 
were analyzed for both relative biopotency and 
maleic value. The results, plotted in Fig. 2, 
show excellent agreement with the cubic regression 
equation described above. Those preisomerized 
vitamin A palmitates with relative biopotencies 
and maleic values corresponding to an equilibrium 
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Fig. 2. — Relative biopotency (RP) m maleic value 
(MV) for preisomerized vitamin A preparations 


mixture of isomers exhibited no significant isomer- 
ization on storage in aqueous multivitamin dis- 
persions (12) 

Several naturally-occurring vitamin A oils have 
been found to contain substantial quantities of 


6-cij-isoraers (13) Such mixtures of i-itamin A 
isomers have been isolated from fish-liver oils and 
lipid extracts of both rat and human livers The 
relative biopotencies and maleic values for these 
preparations are correlated by the above cubic 
regression equation These data suggest that the 
cubic regression of relative biopotency on maleic 
value may have general application to mixtures o[ 
vitamin A isomers from both synthetic and natural 
sources 
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The Isolation of ^-Allocryptopine from 
Argemone squarrosa subsp. squarrosa* 


By T. O. SOINE and R. E. WILLETTEf 


An examination of the alkaloidal content of Argemone squarrosa subsp. squarrosa 
has yielded approximately 1 per cent of /?-allocryptopine as the major alkaloid, if not 
the only one. The alkaloid has been Identified by conventional derivatives as well 
as by comparison of its infrared spectrum with that of its physical isomeride, a-allo- 
cryptopine. Pharmacological testing has indicated that the alkaloid is relatively 
inactive except for its known ability to suppress auricular fibrillation. 


S tudies in these laboratories previously have 
involved the investigations of Argemone 
hispida (1, 2) and A. munita subsp. rolundata 
(Rydb.) (3) with specific reference to their alka- 
loidal content. These studies led to the isolation 
of three alkaloids provisionally named argemon- 
ine, norargemonine, and rotundine. Unpublished 
studies since that time have led to the belief that 


* Receixed February 29, 1960, from the College of Phar- 
macy. Unit ersity of Minnesota. Minneapolis 14 

t Rowell Laboratories Felloi\, 19o/— 19o8 and 19o8 19o9 
Prwent address Division of Pharmacy, Ferns Institute, 
Big Rapids, Slich. 


these alkaloids are representatives of the isoqiun' 
oline group and are specifically of the aporphine 
type. It was of interest, therefore, to examine 
another species, namely Argemone squarrosa 
subsp squarrosa to see whether it too contained 
alkaloids derived from the aporpliine type 
isoquinoline alkaloids. 

A preliminary assay indicated a ratlier favor 
able alkaloidal content. Ethanolic extraction- 
made in a Soxhlet and a Lloyd apparatus, ho"' 
ever, afforded a lower alkaloidal 3 'ield than that 
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possible according to the assay. A much more 
satisfactory yield was obtained by utilizing modi- 
fied Prollius fluid in a percolator of our own de- 
sign. In all cases, the total yield was comprised 
almost entirely of a single alkaloid which was 
conclusively identified as fl-allocryptopine, by 
means of physical properties, derivatives, and 
infrared spectra. 

With respect to infrared comparisons, it was 
noted that there were minor differences in oil 
mull preparations between the dimorphic forms. 
These differences, due to crystal structure, were 
eliminated by comparing the two samples in 
solution, in which case the dimorphism was no 
longer operative. 

Allocryptopine has been isolated previously 
from various sources (4), and from the Argemo7ie 
genus has been reported from A. mexicana (5). 
The alkaloid is dimorphic, the lower melting a- 
form, being known also as fl-homochelidonine, 
and the higher melting fl-form, being known also 
as a-fagarine and y-homochelidonine. 

PHARMACOLOGY 

The alkaloid has received considerable attention 
pharmacologically (6, 7). It has been claimed to be 
five times as active as quinidine in suppressing au- 
ricular fibrillation (6, 8) and has found some use in 
South America for this purpose (9). Unfortunately, 
it has a tendency to initiate ventricular fibrillation 
which imposes serious limitations on its use . 

Prior to our identification, pharmacological tests' 
indicated that the base was relatively inactive. 
With respect to the central nervous system the drug 
failed to affect the qualitative behavior of the dog at 
20 mg. /Kg. or the spontaneous activity of the rat at 
a dose of 81 mg./Kg. At a dose of 300 mg./Kg. in 
the mouse, '/a died and excitement, tremor, and con- 
vulsions were evident. The base was also inactive 
with respect to the blood pressure, diuretic action, 
anti-inflaramatorj' action (iritis), ankle edema, and 
the tracheal chain test (bronchial relaxation). 

EXPERIMENTAL 

Material. — The dried, whole supraterranean plant 
of Argemone squarrosa subsp. sguarrora,* collected in 
southeastern Colorado in the Las Animas area, was 
ground to a coarse powder in preparation for extrac- 
tion. 

Extraction, — The ground plant (15.45 and 15.48 
Gm.) was assayed according to the nux vomica as- 
say procedure (10) and gave 1 39% and 1.64%, re- 
spectively, total alkaloidal content. The ground 
plant (400 Gm.) was then extracted for one hun- 


’ The authors acknowledge and appreciate the kind cooper- 
ation of G. D. Scarle and Co,, Chicago, 111., in the pharma- 
cological testing _ „ , , „ „ 

t The authors are indebted to Dr. Gerald B, Ownl>e>*, 
Botany Department, University of Minnesota, foe the identi- 
fication of the plant materiai The_ nomenclatu^ employed 
in this paper is in accord with that in Ownhey. G. B . -I/rm. 
Torrty Bolan. Club. 21, (I9.W). A herbarium specimen has 
also been deposited in the archives of the Botany Depart- 
ment University of hlinnesotn. 


dred and sixteen hours with 95% ethanol in a Soxhlet 
apparatus until negative to Mayer’s T. S. The ex- 
tract was concentrated to a syrup in vacuo, dissolved 
in methylene chloride, extracted with 10% hydro- 
chloric acid, basified and extracted with methylene 
chloride, which upon concentration yielded 3.5 Gm. 
(0.87%) of total alkaloid. When the ground drug 
(6 Kg.) was extracted in a Lloyd apparatus and the 
extract processed in like manner, only 25 Gm. 
(0,42%) was obtained. 

Inasmuch as the assay utilized an ether .‘chloro- 
form: ammonia solvent, the ground plant (3 Kg.) was 
extracted by shaking it with 5 L. of modified Prollius 
fluid (ether: chloroform; ethanol: concentrated am- 
monium hydroxide, 250:55:25:10) in a 5-gaIion bot- 
tle. It was allowed to stand overnight, the mouth 
provided with a suitable filter, the bottle inverted, air 
pressure applied to the bottom, and the contents al- 
lowed to percolate. This was repeated five times be- 
fore a negative test was obtained with Mayer’s T. S. 
This extract was concentrated to a syrup on a steam 
bath with the aid of a stream of air. It was dissolved 
in Skellysolve B and thoroughly mixed with 10% 
sulfuric acid, evaporating the organic solvent with a 
stream of air after it was allowed to rise to the top. 
This undisturbed mass was frozen and the acid- 
insoluble material separated from the top of the 
frozen acid solution which was very clear upon melt- 
ing. The acid-insoluble residue was extracted twice 
more in this manner until negative to Mayer's T. S. 
This method proved far more satisfactory than ex- 
traction in a separatory funnel, in which case emul- 
sions formed with considerable ease. The acid ex- 
tract was alkalinized with concentrated ammonium 
hydroxide and, upon standing overnight, large 
masses of crystals had formed, which were filtered 
off, yielding 20 Gm. (0.67%) of fl-atlocryptopine. 
The filtrate was extracted with ten 250-ml. portions 
of methylene chloride, which upon concentration 
yielded a further 11 Gm. (0.37%) of alkaloid, from 
which 10 Gm. of j3-allocrj‘ptopine was separated by 
crystallization, giving a total of over 1% of (3-alIo- 
cryptopine from the plant. The residues are being 
investigated for further alkaloids. 

Identification of fl-Allocryptopine. — The isolated 
alkaloid responded to all the usual color tests for the 
allocryptopines (11) such as a deep reddish-violet 
color with concentrated sulfuric acid and a positive 
methylenedioxy test. The base was recrystallized 
several times from 95% ethanol, dried at 100° jk 
vacuo overnight, the long white needles melting at 
169-171°’ [(lit. m. p. 170-171° (4c, 11)]. A mixed 
melting point with an authentic sample of a-allo- 
co’ptopine (m, p. 162°), gracious!}' supplied by R. H. 
F. Manske, gave depression to 166°. When this 
melt was allowed to cool and recrystallize, it melted 
at 170°. All efforts to convert either sample back 
to the a-form failed. 

Ana/.-'— Calcd. for C-iH-sNOj: C, 68.28; H, 
6.28; N, 3.79. Found; C, 68.30; H, 6.57; N, 
3.75. 

The infrared absorption spectra of the base (Fig. 
lo), the sample of a-allocryptopine supplied by 
Manske and fl-homochelidonine'’ (Fig. 16) were deter- 
mined using a Perkin and Elmer spectrophotometer, 

> AH mcItitiB points were determined with a KoOer Micro- 
melttnc point apparatus and are corrected. 

< All analj-scs were carried out by the Microanalytical I ab- 
oratory. School of Chemistry, University of Minnesota, Minn 

Obtained from L. Light &■ Co. l,td„ ColnbrooV, England. 
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Fig 1 — Infrared spectra of: (a), d-allocryptopme, 
Nujol mull, (b), a-allocryptopine (Manske) or /3- 
homochelidomne (Light), Nujol mulls; (c), d-allo- 
cryptopine or /3-homochelidonine m chloroformic 
solution 


Model 137 They showed some minor differences in 
oil mull preparations, but gave identical spectra (Fig 
Ic) in chloroformic solution 

Hydrochloride. — This salt was prepared by ex- 
tracting a dilute hydrochloric acid solution of the 
base with chloroform, which upon concentration 
gave very fine needles of the hydrochloride Re- 
crystallized from ethanol, it began to turn yellow 
at 170° and decomposed at 195° [lit m p. 190- 
192° (decompn ) (9) and m p 175° (11)J Upon 
drying at 100° vacuo overnight, it melted at 
189-190°. It contains a molecule of solvent of 
crystallization (9) 

Anal— Ca.\cd for CjiHjsNOo HCl CjHsOH- C, 
61 10. H, 6 64 Found. C, 60 99; H, 6 59 

Methiodide. — This derivative was prepared in the 
I’sual manner Recrystallized from ethanol, the 
fine, white needles melted at 190-205° (decompn ) 
[lit m p 205-206° (9)] Upon drying at 100° i» 
vacuo overnight, thej'^ melted at 204-205° 


Anal — Calcd. for C21H23NO5 CH3I: C, 5160 
H,5 08 Found: C, 51 88; H, 5 42 
Aurichloride. — ^This salt was prepared by pre- 
cipitating the base with 0.2 N auric chloride T S It 
crystallized very slowly from ethanol giving cliarac 
teristic warty, dark red crystals, melting at 187- 
187 5° [lit B HAuCh.ni p 187-192° (9)) 

Picrate. — This derivative was prepared in tlic 
usual manner and recrystallized from anhydrous 
ethanol, m p 208 5-209 5° [lit 111 p 208-209' 
(4c)] 

Anal— CaXcd forCnHjjNOs C6H3N3O;: C,6419, 
H,4 44. Found: C, 54.18; H, 4.38 


SUMMARY 

1 /3-Allocryptopine has been isolated from 
Argemone sqiiarrosa subsp sqnarrosa in appro\i 
mately 1 per cent yield. 

2 The alkaloid has been identified by means 
of derivatives and comparison of its infrared 
spectrum with those of known samples of its 
physical isomeride, a-allocryptopine. 

3. Some pharmacological data, in addition to 
that already in the literature, have been reported 
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The Application of Alternating Current 
Polarography in the Determination of 
Phenobarbital in Dosage Forms* 

By N. G. LORDI, E. M. COHEN, and B. L. TAYLOR 

The technique of alternating current polarography has been applied to pheno- 
barbital, using a relatively simple modification of the Sargent model XXI polaro- 
graph. Distinctive analytically useful waves were obtained in pH 8 borate buffer 
containing 1 ill potassium nitrate. Phenobarbital was determined in both liquid 
and solid dosage forms with an accuracy of 2 per cent by dilution of the sample and 
subsequent comparison of the wave scanned in buffer to that of a standard. Re- 
sults indicated that the barbiturate could be determined directly in the presence of a 
wide variety of drugs without the necessity for isolation from the dosage form. 


"Practical methods for the determination of 
phenobarbital in its dosage forms have been 
reported by many workers. These may be con- 
veniently divided into three groups, the first 
being gravimetric methods which involve isola- 
tion of the barbiturate from the dosage form and 
its subsequent weighing, an example of which 
is the present official U. S. P. method. The 
second group includes nonaqueous titrations 
(1, 2) using a variety of reagents and solvents 
which generally require prior extraction of the 
barbiturate from its dosage form. More re- 
cently, Vincent and Blake (3) effected the neces- 
I sary separation of barbiturates from dosage 
forms with ion exchange resins prior to titration. 
The third group includes those methods which 
involve the direct titration of phenobarbital 
with a metal reagent which reacts with the 
barbiturate forming a weakly ionized or insoluble 
salt, Bodin (4) titrated phenobarbital potentio- 
metrically in elixirs, parenteral solutions, cap- 
sules, and tablets with silver nitrate. Kalvoda 
and Zyka (5) employed mercuric nitrate in an 
amperometric technique using the dropping mer- 
cury electrode to determine phenobarbital in 
tablets and other solid mixtures. Cohen (6) 
has recently successfully titrated phenobarbital 
in elixirs with mercuric acetate, using either 
potentiometric or amperometric methods of end 
point detection. 

In recent years the technique of alternating 
current polarography has come under close scru- 
tiny as a means of extending the analytical use- 
fulness of the polarographic method (7, S). In 
this technique, a small sinusoidal alternating 
/ voltage is superposed on the direct potential 
^ normally applied to the dropping mercury elec- 
trode in conventional polarography. The alter- 

* Received AuKU>it 21, 19S9, from the CollcKC of Phar- 
macy, RutKers — The State Universtty, Newark N J 

Presented to the Scientific Section, A Pit A . Cincinnati 
meelinK, August Ifl.SO. 


nating component of the current produced is 
measured and recorded as a function of the 
applied direct potential. The resulting graphs 
are referred to as a. c. polarograms. The most 
significant feature of these plots is observed when 
substances which are reversibly reduced are 
studied. A maximum alternating current (sum- 
mit current) is exhibited at the direct potential 
(summit potential) which corresponds to within 
±50 millivolts of the half-wave potential of the 
conventional polarogram. A. c. polarograms 
thus appear, at least in form, to be the first deriva- 
tive of the d. c. polarogram. 

Among the advantages a. c, polarography has 
over d. c, polarography is that oxygen need not 
be expelled from the solution to be analyzed, 
since substances which are irreversibly reduced 
and not adsorbed on the surface of the electrode 
do not exhibit a. c polarograms. Thus, this 
technique may be used as a test for reversibility 
in redox processes. Other advantages include 
increased sensitivity and ease of separation of 
waves which occur at potentials close to one 
another. 

In addition to substances which undergo re- 
versible reduction or oxidation, solutions of 
surface-active materials produce wave-shaped 
current-voltage cur^’es under a. c. conditions 
which have their origin in adsorption processes 
occurring at the electrode surface. Breyer and 
Hacobian (9) have termed this type of electrode 
process “tensammetry.” In their words (10), 
tensammetric waves are a consequence of “ . . . 
adsorption-desorption equilibrium at the elec- 
trode-solution interface without electron trans- 
fer." Breyer and Hacobian (11) have also re- 
cently applied tensammetry to the estimation of 
tungstate ion. 

Experiments with phenobarbital, using the 
technique of alternating current polarography, 
revealed that it exhibited distinctive waves. 
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The purpose of this report is to describe the prop- 
erties of these waves and to indicate an approach 
to their analytical utilization in pharmaceuticals. 

EXPERIMENTAL 

Apparatus. — The method of converting the 
Sargent model XXI polarograph to record a. c. 
polarograms, as originally described by Miller (12), 
was modified. The recording section of the 
Sargent polarograph is essentially a potentiometer 
in which a d. c. signal is converted into an a. c. signal 
which is in turn amplified and balanced against a 
standard reference signal. For this work the con- 
verter was removed from the amplifier and replaced 
by a six-prong plug with pins 3 and 4 shorted. This 
changed the recording section of the instrument 
from a d. c. measuring device into a high gain a. c. 
measuring device. The additional circuitry re- 
quired is diagrammed in Fig. 1. 


T: 



Fig. 1. — Electrical circuitry required for opera- 
tion of Sargent model XXI polarograph as an a. c. 
polarograph. 


C, polarographic cell; Et, saturated calomel elec- 
trode; Ej, dropping mercury electrode; Ri, 5000 
ohm potentiometer; R 2 , 200 ohm, V2 watt resistor; 
i?3, 100 ohm potentiqmeter; Rt, 10 ohm potentio- 
meter; R5, decade resistance box; 5i, SPST switch ; 
S 2 , DPDT switch; Ti, constant votage trans- 
former, 115 volts a. c. ; T 2 , filament transformer; 
primary, 115 volts a. c. ; T 3 , secondary, 2.5 volts 
a. c. 

The output of one of the filament transformers 
(terminals 1 and 2 on the diagram) was connected 
across the terminals normally occupied by the 
l‘A volt working cell in the recorder. These termi- 
nals must be connected so that the recorder will 
read zero with the cell leads open and be driven 
upscale when the cell leads are shorted. This 
functioned to introduce an alternating voltage 180 
degrees out of phase with the signal to be measured. 
Provision was made for substitution of a decade 
resistor in place of the polarographic cell for pur- 
poses of calibration. In addition, a 500-micto- 
farad, 25-voIt, electroh-tic capacitor was fixed in 
position in the polarographic section between the 
movable arm of the slide wire and the fi.xed arm of 
the sensitivity selector. This capacitor was neces- 
sarv to shunt the a. c. signal around the slide wire 
to prevent changing the resistance to a. c. as the re- 
sistance of the polarograph slide wire was changed. 


The presence of this capacitor did not affect the 
operation of the instrument as a d. c. polarograph. 

All controls functioned as when the pol!)rogr.ip!i 
was operated as a d. c. device except the damping 
switch, which was, of necessity, kept in the off posi- 
tion. No attempt was made to calibrate the scaleof 
the recorder in terms of absolute current. Rathe 
the current scale used was expressed in arbitrary 
units obtained by multiplying the number of re- 
corder chart' scale divisions by the sensitivity set- 
ting of the instrument. In this work, the voltage 
across R 4 was adjusted by means of R 3 to a value of 
100 millivolts r. m. s. The calibration point ms 
selected to give optimum response at a sensitivity 
setting of 0.1 on the instrument. When Rt was 
adjusted to give an output of 30 millivolts r. m. s, 
Ri was set so that, when a resistance of 1,000 ohmi 
was substituted for the cell at a sensitivity settinr 
of 0.1, the pen was deflected to exactly^ 16.0 on 
recorder scale. After each run this setting was 
adjusted to allow for the small amount of d 
whieh was observed to occur. 

A conventional H-type cell (13) was emplo; 
with a 1.5 df potassium nitrate agar plug to in 
mize diffusion of chloride into the cell from 
reference electrode (a saturated calomel electrode 
The eharacteristics of the dropping mercury el 
trode capillary (length: 9 cm.) were sueli tl) 
when operated under a pressure of 39 cm. of m 
cury, the drop time at 25° was 2.57 seconds in 1 
KNO3 at 0 applied potential and m was 3.26 n 
sec. 

No exact theoretical interpretation could 
made of the a. c. polarograms obtained with I 
apparatus described (8), since no provision v 
made for maintaining a constant a. c. voltage ncr 
the mercury-solution interface and no attempt v 
made to correct for the series resistance of the c 
However, since the intent behind this work was 
develop an empirical analytical method for phei 
barbital, the additional instrumentation requii 
was not deemed essential to the achievement 
this purpose. 

The Beckman model G pH meter was employ 
for all measurements. 

Reagents. — ^Phenobarbital U. S. P. (m. p. H 
177.5° uncorrected), was recrystallized twice fn 
alcohol-water. Phenobarbital sodium U. S. P..^ 
dried for several hours at 110° prior to use. i 
buffer used in this work consisted of 2.5 M po'j 
sium nitrate and 0.125 if boric acid to win 
0.012 if sodium hydroxide was added. A 2.5-ff 
dilution of this buffer had a pH of 7.9. Rcagc 
grade chemicals were employed unless othern 
stated. 

Preliminary Experiments. — Initial efforts were 1 
rected towards determining those conditions tun 
which the optimum phenobarbital wave could 
elicited. Parameters evaluated were scanning nil 
pH, ionic strength, drop time, magnitude of appU' 
a. c. voltage, and temperature. Most 
were' carried out at a room temperature of ^ 
0.5°, using 30 millivolts r. m. s. applied a. c. Sea 
ning rates of 1.23 and 0.62 millivolts per second vc 
used. When quantitative results were desired t 
lower scanning rate was used, since true values 


* Beckman chart Xo. C3o3->r. 
"Beckman model II70-7i. 
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summit current could only be obtained at low 
scanning rates or when the instrument was oper- 
ated manually (14). Furthermore, the maxima 
of the current oscillations were used as the basis for 
reference in measuring current. 

* The waves of both phenobarbital and sodium 

I phenobarbital were first evaluated in 1 M potassium 
nitrate. Typical waves obtained are shown in 
Fig. 2. It was noted that at low concentrations 
the waves of both the acid and salt fo.ms of the 
barbiturate were nearly identical, while an eight- 
fold increase in concentration caused significant 
changes both in wave shape and current magni- 
tude. This was to be expected, since 10“'' M so- 
dium phenobarbital is, for all practical purposes, 
completely hydrolyzed in the potassium nitrate 
media. 



Fig. 2. — A. c. polarograms of phenobarbital and its 
sodium salt in 1 M KNOa 

The pH of a solution. 1 M in potassium nitrate 
and initially containing 0.05 M boric acid and 10“' 
M phenobarbital to which 0 06 M sodium hydro.xide 
had been added, was varied by the addition of incre- 
ments of 2 M perchloric acid The waves were 
scanned after the addition of each increment of 
acid. The necessity for pH control can be seen 
1 ■ upon examination of Fig. 3. Below pH 7 the pheno- 
> barbital wave had disappeared Optimum sensi- 
tivity, i. e., maximal summit current, was attained 
■ in tiic vdcinity of pH 8. An increase in pH abov'e 
' this point tended to reduce both the sensitivity and 
resolution (degree of separation from the residual 
current) of the wave. 

Reduction in the total ionic content of the sup- 
porting electrolyte also diminished both the sensi- 
tivity and resolution of the wave, as well as in- 



Fig. 3. — pH dependence of phenobarbital wave 
in borate buffer; 1 M KNOs and 10“' M pheno- 
barbital. 


creased the magnitude of the residual or capaci- 
tance current which was a result of the charging 
of the mercury drop by the supporting electrolyte 
However, sensitivitj’- was again reduced at ionic 
strengths greater than 1 

The current was a function of the applied a. c. 
voltage, an increase in voltage tending to increase 
the current. However, increases in voltage to 
values greater than 30 mv. r. m. s. diminished the 
resolution of the waves. Reduction in voltage to a 
minimum of 10 mv. r. m. s. tended to improve 
resolution, especially at low concentrations. In 
the vicinity of room temperature the summit cur- 
rent was observed to fluctuate less than 0.5% per 
degree, tending to increase with temperature. The 
dropping rate was also observed to affect summit 
current, a change in drop time from 2.0 to 4.8 
seconds increasing the current about 20%. 

Further experiments indicated that the decom- 
position products of phenobarbital. obtained by 
heating a solution of the sodium salt in the presence 
of a tenfold excess of sodium hydroxide, produced 
no waves This established the validity of using 
a. c. polarography as a means of assaying for pheno- 
barbital. 

Effect of Phenobarbital Concentration. — Typical 
phenobarbital waves recorded in pH 8 borate buffer 
are illustrated in Fig. 4. In order to establish the 
concentration dependence of the wave form, the 
.summit current corrected for the residual current 
of the blank, i. e., the peak current, was plotted 
as a function of concentration. The resultant curv’c 
(Fig. 5) was nonlinear, an analytically useful 
standard curve being obtained only at concentra- 
tions lower than 10“' M. No significant changes 
in summit current were observed when tlie con- 
centration of barbiturate was increased to 0.01 M. 

Procedure for Assay of Liquid Dosage Forms. 
Elixirs and Parenteral Solutions. — A suitable ali- 
quot of solution, containing about 20 mg. of pheno- 
barbital, was diluted to volume in a lOO-ml. volu- 
metric flask with distilled water. One- or two- 
milliliter aliquots of this dilution were added to 
10 ml. of buffer concentrate in a 25-mI. volumetric 
flask and brought to volume with distilled water. 
Each sample was scanned at a rate of 0.02 mv. sec. 
and the peak currents computed from tlic resulting 
•waves. The concentration of barbituiate in the 
dosage form was calculated from an appropriate 
standard cnr\'e. 
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Fig. 4. — A. c. polarograms of phenobarbital in 
borate buffer: pH 7.9 and 1 M KNO 3 . Pheno- 
barbital concentration: A, none; S, 2 X 10“® M; 
C, 5 X 10 M; and V, IQ-" M. 

Procedure for Assay of Solid Dosage Forms: 
Powders, Capsules, and Tablets. — Accurately 
weighed, uniformly mixed samples containing ap- 
proximate!}' 20 rag. of phenobarbital were added to 
10 ml. of alcohol U. S. P. in a 100-ral. volumetiic 
flask. The mixture was agitated to extract the 
barbiturate from the solid before diluting to volume 
with distilled water The addition of alcohol was 
omitted if the barbiturate was present as a water- 
soluble salt. WTiere necessary, the resultant mix- 
ture was centrifuged to remove insoluble matter 
before 1 - or 2 -ml. aliquots were taken for analysis 
in the manner already described. 

The results obtained for the recovery of pheno- 
barbital from some typical dosage forms are summar- 
ized in Table I. 

Effect of Foreign Substances on the Phenobarbital 
Wave . — A study was made of the possible inter- 
ference of other drugs which are commonly formu- 
lated with phenobarbital and certain other sub- 
stances on the wave form. The phenobarbital wave 
was scanned in the buffer at a concentration of lO"* 
M in the presence of a ten-fold excess of the drug. 
The results indicated that the method was not 
applicable to the determination of the barbiturate 
in the presence of caffeine, diphenylhydantoin, 
aminophylline, theobromine sodium salicy late, thi- 



Fig. 5. — Concentration-peak current standard 
curve of phenobarbital in borate buffer: pH 7 . 9 and 
1 M KNOj. 


Table I. — Analysis of Phenobarbital in Dosage 
Forms 


Samples Recovery, ‘o 

8 lOl.OiO.C 

6 99.5 ±1.4 

9 98.7±0.8 

6 99.3 ±1.' 


“ Propylene glycol solution containing 20 mg. of pheno- 
barbital sodium per ml. . . 

Tablet formulation described by Bodin (-f) contajoing 
15 mg. of phenobarbital in each 200 rag. 

<^1:10 trituration of phenobarbital in lactose. 


Dosage Form 
Phenobarbital elixir, 
U. S. P. XV 
Phenobarbital sodium 
injection'’ 

Tablet mixture'' 
Lactose dilution' 


amine hydrochloride, bromide, and iodide. Thwa 
substances tended to distort the wave and/or change 
the character of the residual current. Aspiri"' 
phenacetin, sodium salicylate, atropine sulfate, 
ephedrine sulfate, and chloride did not interfere. 
All the halides produced distinctive waves in the 
absence of phenobarbital, the summit potential n 
only chloride being significantly more positne 
( 0.1 volts) than that of phenobarbital. 

Concentrations of alcohol and propylene gl)en 
less than 1% did not alter the peak current o 
phenobarbital significantly, while higher concen- 
trations tended to reduce sensitivity as ^ 
increase residual current. Polyethylene glycol 4 
interfered in concentrations as low as 0.5%, tending 
to increase the residual current greatly. Strong 
surface active materials, e. g., sodium stearate an 
methylcellulose, depressed the peak current to a 
significant extent. 
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DISCUSSION 

/ 

The experimental data indicated that Uie success- 
ful application of alternating current polarography 
) to the determination of phenobarbital in dosage 
forms depended, in part, upon the high dilution fac- 
tors employed which minimized the effect of dil- 
uents, excipients, flavors, colors, and other foreign 
ingredients on the analytical phenobarbital wave 
A case in point was phenobarbital elixir The usual 
aliquot chosen for analysis was 5 ml , the sample 
employed to record the wave being a 250- to 500- 
fold dilution of the elixir At these dilutions the 
components of the elixir base had no effect on the 
character of the wave The particular tablet mix- 
ture studied contained, in addition to the barbi- 
turate, magnesium stearate, acacia, starch, sucrose, 
and lactose, none of which affected the wave in the 
amounts normally present in tablets 

The degree of accuracy attainable, about 2%, was 
limited by the nature of the standard curve The 
error involved in interpolation from the curve was 
further compounded by the necessitj' of using high 
dilution factors 

The principal advantages of the proposed method 
were its rapidity and the elimination of the need for 
isolation of the barbiturate from its dosage form 
In many cases the method could be extended to 
mixtures containing interfering substances if blank 
corrections were made for the residual current and 
the calibration curve prepared in the presence of 
the interfering substances 

1 Unlike the d c. polarographic diffusion current, 

‘ - the alternating current measured mac polarog- 
laphy is not dependent on concentration gradients 
near the electrode, but is a function of the concen- 
tration of active species at the electrode surface 
As a consequence, when the electrode surface has 
become saturated, maximum peak current wilt have 
been attained The form of the peak current- 
concentration curve will approximate that of an 
adsorption isotherm (Fig. 5). 

The a. c polarographic behavior of phenobarbital 
diffeied in several important respects from the be- 
havior attributed by Breyer and Hacobian (9) to 
tensammetric processes These investigators ob- 
served that the effect of an increase in temperature 
was to decrease peak current in the case of sub- 
stances which exhibited positive temperature coeffi- 
cients of solubility while the reverse w as true in the 
case of those substances which exhibited negative 
solubility temperature coefficients (e g methyl- 
cellulose). They also observed that weak acids 
and bases (e g , phenol and pyridine) Mere effective 
in producing tensammetric waves only in the un- 
dissociated state In contrast to these observations 
it was found that phenobarbital showed greater 
peak current at elevated temperatures and was more 
effective in the salt form Furthermore pheno- 

/ 

t 

t 
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barbital showed no w'ave on the negative side of 
the electrocapillary zero, a characteristic of tensam- 
metric processes, and produeed well-defined waves 
at very low concentrations (e. g., 10~® M). 

Phenobarbital appeared to correspond more 
closely in behavior to the halides which exhibit a. c 
polarographic waves referred to by Breyer and 
Hacobian (10) as “transition” waves Unlike the 
true tensammetric wave, transition waves are a re- 
sult of two processes; a polarographic step, in- 
volving interaction of the active species with the 
electrode to produce a surface-active product, and a 
tensammetric process, involving an adsorption- 
desorption equilibrium at the electrode surface. 
Thus, the a c waves of the halides are the result of 
reaction with mercury to form mercurous halide 
(i. e . the electrode reaction responsible for the 
existence of anodic d. c. polarographic waves) which 
is adsorbed on the mercury drop 
Phenobarbital is not polarographically reduced 
but does show an anodic wave (15) The a c. polar- 
ographic behavior of phenobarbital, as indicated by 
these observations, appears to be a consequence of a 
reaction of phenobarbital with mercurous ion formed 
by a polarographic electrode leaction, the resultant 
mercurous phenobarbital being adsorbed at the 
mercury-solution Interface 

Preliminary experiments were run with other 
barbiturates, i e , pentobarbital, amobarbital, and 
secobarbital All exhibited a c polarograms simi- 
lar in form to those of phenobarbital It is to be 
expected that the analytical technique described 
should be generally applicable to all barbiturates 
A more extensive study of the a c polarography 
of the barbiturates will be the subject of a later 
paper 
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Study of the Stability of Secobarbital 
Sodium Solutions I* 

Determination of Solubility of Secobarbital as a Function of 
Solvent and Hydrogen Ion Concentration 

By J. H. UDANI and J. AUTIAN 


The solubility of secobarbital in water at various temperatures was determined and 
from this information a plot was prepared, log S vs. l/T. The linear relationship in- 
dicated the adherence of the curve to van’t Hoff’s equation. From the slope, the heat 
of solution was calculated and found to be 4358.0 cal./deg./mole. Solubility studies 
were also undertaken to determine the quantity of secobarbital which would dissolve 
in various binary solvent systems in which water was always the second solvent. The 
order of solubility increased from glycerin-propylene glycol-PEG 400-alcohol. 
Glycerin had very little solubilizing activity for secobarbital even in volume concen- 
trations up to 5 0 per cent. In a three-component solvent system composed of alcohol: 
glycerin : water, the glycerin produced a synergistic effect on the dissolution reaction. 
Finally, the influence of pH on solubility of secobarbital in water alone and in several 
mixed solvents was ascertained, and the results plotted as solubility curves. It was 
also demonstrated that alcohol, propylene glycol, glycerin, and PEG 400 suppressed 
ionization of secobarbital in aqueous solutions. All of the solvents except PEG 400 
showed a linear relationship in the solvent concentration studied. 


Ctudies on aqueous solutions of the barbitu- 
^ rates indicate that pH and temperature will 
have an appreciable effect upon the stability of 
the drug. These studies further elucidate that 
as the hydrogen ion concentration and tempera- 
ture are increased, the degradation proceeds rap- 
idly. In order to circumvent the use of the salt 
of the particular barbituric acid, the acid form of 
the drug is employed with the addition of alcohol, 
propylene glycol, polyethylene glycols, or other 
agents to achieve dissolution of the relatively in- 
soluble barbituric acid in water. The acidic pH 
thus insures greater product stability by decreas- 
ing the h 5 'drolysis reaction known to occur in the 
alkaline pH range (1-3). 

In this studjq secobarbital sodium was selected 
as the barbiturate to investigate. Before under- 
taking a vigorous investigation of secobarbital 
stabilit}', howev'er, it became necessary first to 
accumulate data on the solubility of the drug as 
a function of solvent and pH in order to design the 
stability experiments properly. The informa- 
tion reported in this paper describes the solubility 
phase of the study. 

EXPERIMENTAL 

Apparatus and Supplies. — Leeds & Northrup pH 
meter (Cat. 7664); shaking apparatus in constant 
temperature bath; secobarbital and secobarbital 
sodium U. S. P. ; absolute alcohol V. S. P.; pro- 
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pylene glycol U. S. P.; glycerin U. S. P.; po'j’- 
ethylene glycol U. S. P. ; absolute methj’l alcohol, 
R. G.; chloroform, R. G. ; potassium hydroxide, 
R. G.; thymol blue solution (0.5% w/v in methyl 
alcohol). 

Assay of Secobarbital. — To determine the seco- 
barbital in the various samples quantitatively, a 
nonaqueous titration method was used. The 
assay employ'ed chloroform as the solvent and a 
standard (0.1 N) solution of potassium hydroxide in 
absolute methyl alcohol as the titrant, using thymol 
blue solution as the indicator. The e.xact procedure 
for the assay is given by Chatten (4). This method 
was compared with an ultraviolet spectrophoto- 
metric assay suggested by Mattson (5) and found 
to agree within experimental errors. 

Solubility as Function of Temperature. — An excess 
quantity- of secobarbital was added to SO-ml. 
Erlenmeyer flasks containing 30 ml. of freshly 
distilled water, previously- heated to the desired 
temperature. Three such solutions were prepared 
for each temperature studied. The flasks were 
then stoppered, placed into a constant temperature 
bath at the desired temperature, and agitated for a 
period of twenty-four hours. The solution from 
each flask was then quickly filtered and an aliquot 
(approximately- 5 ml.) transferred to a weighing 
bottle of known weight. After the bottle containing 
the solution was weighed, the liquid was pourcr 
into a 125-ml. separatory funnel. The bottle «as 
rinsed with three separate portions (5 ml.) of distiUcd 
water and the combined rinse water added to the 
separatory funnel. Fractions of chloroform (-•' 
mi.) were then used to extract the secobarbital for 
assay. In all instances, the volume of chloroform 
was concentrated to 50 ml. before proceeding "itli 
the assav. In this experiment, solubility was de- 
termined’ at 20, 25, 30, 35, 40, 45, and 50° ± 0.- ■ 
The results were based on the av-erage of three 
samples for each temperature. 

The data were plotted as log -S versus 1/f 
found to be linear in the range studied (Fig. 1 )■ ' 
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Fig. 1. — Solubility of secobarbital in water as 
function of absolute temperature. 

linear relationship indicates its conformity to van’t 
Hoff’s equation 

log 5 = 2lo3^T (Eq. 1) 

I 

V where S is the solubility in moles per 1,000 Gm. of 
solvent at the absolute temperature T, R is the gas 
constant, and AH the heat of solution in calories per 
degree per mole. From the slope — AH/2.3Q3R the 
heat of solution (AH) was calculated and found to be 
4358.0 cal./deg./mole. 

Solubility as Function of Solvent. — Excess quan- 
tities of secobarbital were added to various con- 
centrations of alcohol, propylene glycol, glycerin, 
and polyethylene glycol 400, water making up the 
remainder of the solvent. A 30-ml. sample for each 
concentration and solvent system was prepared, 
placed into a constant temperature bath at 30° ± 
0.2°, and agitated for twenty-four hours. The 
secobarbital was extracted as described before for 
each sample and assayed for drug content. The 
results were based upon the average of three samples 
for each concentration and solvent system. Figure 
2 presents the data in graphical form. 

The solubility of secobarbital in a three-compo- 
nent solvent system was determined and the data 
are plotted in Fig. 3 as per cent solubility versus gly- 
cerin added to alcohol base. In each instance, the 
remaining quantity of solvent was water. 

Solubility as Function of pH. — The desired quan- 
tity of secobarbital sodium (from a theoretical 
solubility curve) was weighed on a prescription 
j balance and placed into a 50-ml. beaker containing 
( 25 ml. of distilled water. Hydrochloric acid 
(1.0 A’) was then added, dropwise, to adjust the pH 
to the requisite value, and the volume of the solution 
"as brought up to 30 ml. with distilled water. 
This solution was then transferred to a 50-ml. 
Erlenmeyer flask, stoppered, and placed into a 
constant temperature bath at 30° ± 0.2°. A num- 
ber of such solutions were prepared, each at a differ- 



% v/v 

ig. 2. — Solubility of secobarbital as function of sol- 
vent system and concentration. 



X Glycerin Added to Alcoticif-r, 
(v/v! 

Fig. 3. — Solubility of secobarbital in a -Sst' 

nent solvent svstem. f-’v 

' . <»■ 
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ent pH, and the flasks agitated for a period of 
twenty-four hours. In all instances, at each pH 
value, an excess of secobarbital was maintained. 

At the end of the agitation period, the flasks ivere 
removed and the pH of the supernatant liquid deter- 
mined. Each sample (supernatant liquid) was 
then acidified with 1.0 N h 3 'drochloric acid to con- 
vert the salt into its acid form and extracted with 
chloroform in a manner described previously. The 
samples were then assaj-ed for their drug content 
For each pH value, duplicate samples were run. 
Table I includes the experimental results of solubil- 
itj- at the final pH. A solubilitj' curve was drawn 
from the data in the table and is included in Fig. 4 
(in water). In the same figure appears a theoretical 
solubility curve calculated from an equation de- 
veloped b\' Higuchi (6) 

S (Eq. 2) 

where 5 is the total solubilit 3 ’ of secobarbital, ex- 
pressed in moles per liter, (HA) the acid solubilit 3 ' 
in the same units, ivo‘ the dissociation constant of 
secobarbital in water at 30°, and /f"*" the hydrogen 
ion concentration. The calculated solubilit 3 ’ values 
are included in Table I. 

Table I. — Solubility op Secobarbital in Water 
AS A Function of pH 

Experimental / Theoretical a 


pH 

Gm /1 00 ml. 

pH 

Gm /lOO ml. 

2 20 

0 223 

2 00 

0 214 

4 20 

0 223 

4 00 

0 214 

5 10 

0 223 

5 00 

0 214 

6 30 

0 231 

6 00 

0 217 

6 70 

0 248 

7 00 

0 241 

7 42 

0 297 

7 50 

0 299 

7 75 

0 446 

8 00 

0 484 

8 30 

1 0750 

8 50 

1 069 

8 50 

1 653 

9.00 

2 916 

8 55 

1 943 

9 40 

7 002 

8 90 

4 591 




a Calculated from Eq. 2, using 1 20 X10~*as Ka and 9.0 
X 10“^ as concentration. 



Fig. 4. — Solubility of secobarbital in alcohol-water 
s 3 'stems as a function of pH. 


Solubility as Function of Solvent and pH. — A 
series of solubiIit 3 ’ studies uere conducted as de- 
scribed in the previous section except the binary 

1 Ka is equal to 1.26 X 10"*. 



^^50 60 70 pH BO SO »• 


Fig. 5. — Solubility’- of secobarbital in PEG 400-uater 
systems as a function of pH. 


I — Theor»ti«ol « 

! Wol»f I 
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Fig. 6. — Solubilit 3 ' of secobarbital in glycerin-walcr 
S 3 'stems as a function of pH. 


o Alcohot 
0 Propylene Glycol 
6 Glycerin 



% v/v 

Fig. 7.— Effect of solvent on pKa of sccobarbiwl 
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solvent systems were composed of various concen- 
trations of either alcohol, glycerin, or polyethylene 
glycol 400 with water. The data obtained from 
these studies were plotted as shown in Figs. 4 to 6. 

Effect of Solvent upon Apparent pKa Value. — 
In order to determine the effect of the dissociation 
of secobarbital in various concentrations of alcohol, 
propylene glycol, glycerin, and polyethylene glycol 
400, solutions were prepared containing a 1 : 1 salt to 
acid concentration. Each solution contained 0.26028 
Gm. of secobarbital sodium to which was added ex- 
actly 5.00 ml. of a 0.1 iV hydrochloric acid. The 
solutions were then adjusted to the proper per cent 
(v/v) of solvent system, placed into a water bath at 
30° for four hours, and the pH of each solution was 
then determined. Since in a 1:1 buffer system the 
pH is equal to the pKa, a plot was drawn in Fig. 7 
relating pKa to the various solvent concentrations. 

RESULTS AND DISCUSSION 

Temperature Effect. — The linear relationship 
shown in Fig. 1 indicates that the solubility is 
related to the reciprocal of absolute temperature 
as predicted by van’t Hoff’s equation. Since the 
heat of solution (AH') is known, the solubility at any 
other temperature may be calculated by the use of 
another form of Eq. 1 

w -s-j _ m n - r.) 

Si " 2.303 R (TsTi) 

where Si and Ss are the solubility in moles per 1,000 
Gra. of solvent at absolute temperatures Ti and Tt, 
respectively. 

The twenty-four-hour agitation period was found 
to be adequate to insure that equilibrium had been 
reached in the solution. Previous studies substan- 
tiated the absence of hydrolysis at the higher tem- 
peratures within the twenty-four-hour period for 
even those solutions having an alkaline pH. 

Solvent Effect. — The phase diagram in Fig. 2 
may conveniently be employed to find the exact 
solubility of secobarbital in concentrations (10-50% 
v/v) of alcohol, polyethylene glycol 400, propylene 
glycol, or glycerin at 30°. It will be noted that 
alcohol, in the higher concentration range, imparts 
the greatest degree of solubility This is not too 
surprising, since, in general, a solvent system having 
a low dielectric constant should have greater disso- 
lution activity to a relatively nonpolar compound 
such as secobarbital (undissociated). From the 
binary solvent systems included in the figure, alco- 
hol-water has the lowest dielectric constant. 

Polyethylene glycol 400 and propylene glycol dis- 
solve approximately the same concentration of seco- 
barbital in the 10-50% v/v concentration range of 
solvent. However, as may be seen in the figure, these 
two solvent systems have approximately one-half the 
solubilizing effect at 40% v/v concentration and 
one-third the effect at the 50% v/v concentnation 
range, in comparison to alcohol. 

In tlie solvent range studied, glycerin proved to be 
a rather poor solvent since even up to 50% v/v con- 
centration, it had little ability to increase the solu- 
bility. Krause and Cross (7) found this to be true 
in their study on the solubility of phcnobarbital. 

Glycerin appears to have a synergistic solubilizing 
action upon alcohol-water systems. If Fig, 3 is stud- 


ied closely and then compared to Fig. 2, it will be 
noted that in all instances glycerin increases the solu- 
bilizing effect over the binary system, alcohol-water. 
For example, to dissolve 5% w/v of secobarbital in 
100 ml. of a solvent system, a 45% v/v alcohol-water 
system must be used, but this same quantity of seco- 
barbital may be dissolved in an alcohol-glycerin- 
water system having volume concentrations of 30%, 
45%, and 25%, respectively. Glycerin-water sys- 
tems up to 50% barely solubilize 0.4% w/v of seco- 
barbital. 

pH Effect. — Even though the theoretical solubility 
curve for secobarbital was calculated using Eq. (2), 
the classical Henderson-Hasselbalch equation based 
upon the law of mass action may have been used. 

pH = pKa-f logg|)^ (Eq.4) 

However, this equation will express only the salt 
concentration, and at relatively high hydrogen ion 
concentration will not be useful since the concen- 
tration of salt to acid will be insignificant. In the 
case of secobarbital, the results by Eqs. 2 or 4 are 
practically identical above pH values of 7.0. 

As may be seen by examining Fig. 4, the theoretical 
and experimental curves are in good agreement at the 
low pH values but diverge at the higher values. This 
finding is quite common when apparent dissociation 
constants and molar concentrations are used, rather 
than thermodynamic dissociation constants and 
activities. The equations, however, may be used to 
calculate approximate solubilities at a certain pH. 
Often this type of solubility calculation is verj' help- 
ful to the product development group in formulation 
or in predicting incompatibilities. 

Solvent and pH Effect. — Alcohol had a tendency 
to increase the solubility, as could be predicted, at 
the lower pH values and to decrease the solubility 
at the higher pH values. Polyethylene glycol 400 
increased the solubility at all pH levels compared 
to the solubility of secobarbital in water. The 
excellent solvent and stabilizing action of the glycols 
for the barbiturates ma 5 ' be attested to by their 
inclusions in commercial barbiturate solutions. 
Glycerin decreased the solubility of secobarbital in 
the higher pH range. Unfortunately, time did not 
permit a more intensive investigation with higher 
concentrations of solvent as well as other solvent 
systems. 

Solvent Effect upon pKa. — It is well known that 
less polar solvents than water will suppress ioniza- 
tion of weak organic acids. This may be seen 
by referring to Fig. 7 where apparent pKa values are 
plotted against volume concentrations of the sol- 
vents. All lines intersect at a pKa value of 7.9, 
which is the pKa value of secobarbital in water. 
The unlinear relationship with polyethylene glycol 
400 is indicative that a molecular intercaction be- 
tween the solute and solvent has probably occurred. 

SUMMARY AND CONCLUSION 

1. The solubility of secobarbital in water at 
various temperatures was determined and from 
this information the heat of solution was calcu- 
lated. The heat of solution was found to be 
435.S.0 cal. /deg./mole. 
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2 Binary solvent systems in which water was 
always the second solvent were found to increase 
the solubility in the order: glycerin-propylene 
glycol-PEG 400-alcohol. 

3. Gl 3 'cerin imparted a S 3 Tiergistic solubilizing 
activity in a three-component solvent system (al- 
cohol-glycerin-water) upon the secobarbital. 

4. Solubility curves as per cent w/v secobar- 
bital versus pH were plotted from experimental 
data in water and in several mixed solvent sys- 
tems. 

5. The apparent pKa for secobarbital in 
various concentrations of alcohol, propylene gl}'- 
col, glj’cerin, and polyethylene gljxol 400 were 


also determined and found to be linear in the 
range studied, except for polj'ethylene glycol 400. 

G. Stability studies of secobarbital solutions 
are now in progress and will be presented in fu- 
ture papers. 


REFERENCES 


(1) Tomski, H. W., and Waller, L. J., Pharm. J., 139, 
421(1937). 

(2) Bailey, A. E., ibid., 136, 620(1936). 

(3) Husa, W. J,, and Jatul, B. B., Tins Journal, 33, 
217(1944). 

(4) Chatten, L. G., J, Pharm. and Pharmacol., 8, oCW 
(1956). 

(5) Mattson, L. N., This Journal, 43, 22(195-1). 

(G) Higuchi, T,, Gupta, M., and Busse, L. W., ibid , 42, 
157(1953). 

(7) Krause, G. M., and Cross, J. M., ibid., 40, 137(1851). 


Study of the Stability of Secobarbital 
Sodium Solutions II* 


Separation and Identification of Degradation Products of 

Secobarbital Sodium 


By A. J. KAPADIA and J. AUTIAN 

A study was conducted to separate and identify degradation products of secobarbital 
sodium in an aqueous medium. Thermally degraded secobarbital sodium solutions 
were employed in the study. Extraction and paper chromatographic techniques were 
used to separate three degradation products of secobarbital sodium. Infrared anal- 
ysis and chromatographic techniques identified the products as (a) mono ureide of 
1-methylbutyl allyl malonic acid, {b) 1-methylbutyl allyl acetyl urea, and (c) urea. A 
fourth compound, 1-methylbutyl allyl acetic acid, was formed in the degradation but 
could not be isolated. The steps in the degradation of secobarbital sodium parallel 
those reported by Rotondaro for phenobarbital sodium. 


Qince the turn of the centurj-, manj'^ reports 
have been published upon the accelerated de- 
composition of the various barbiturates in alka- 
line solutions One of the first references to the 
decomposition of a barbituric acid derivative was 
found in a German patent issued in 1903 (1). The 
patent included information that diethylacetj-l 
urea was formed on heating barbital. Husa and 
Jatul (2) reviewed the literature and presented a 
summary of the pathwavs of the decomposition 
of barbituric acid derivatives in an alkaline me- 
dium. Decomposition products of phenobarbi- 
tal sodium have been isolated and identified In- 
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Rotondaro (3). He identified the products as 
phenj'lethylacetyl urea, phenylethyl acetic acid, 
and urea. By paper chromatographic techniques 
Kapadia, Go}-an, and Autian (4) affected a sep- 
aration of the previously mentioned decompo.si- 
tion products of phenobarbital sodium. 

Even though secobarbital has been in common 
medical use for some time, little published in- 
formation is available concerning the products ol 
degradation. This particular investigation "’as 
initiated to elucidate the decomposition products 
occurring in alkaline solutions of secobarbital and 
to compare the degradation steps to those of 
phenobarbital. 


EXPERIMENTAL 

Supplies. — Whatman filter paper Mo. I: seen 
barbital sodium U. S. P.; .secobarbital; ’’‘■'I' 
A. R ; H-hexyl alcohol, A. K.; aminoniuin ') 
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droxide (28%) A. R.; borate buffer (pH 10) which 
consists of 4^9 ml. sodium hydroxide (0.1 N), 
50.0 ml. boric acid (0.1 M), and purified water to 
make 100.0 ml.; potassium permanganate solution 
(0.02 N); J>-dimethylaminobenzaldehyde solution 
(2%inl,2iVHCl). 

Extraction Procedure. — Secobarbital sodium solu- 
tion (6% w/v) was prepared using purified water 
as the solvent and placed into ampuls. The 
ampuls were sealed and thermally degraded by 
storing at 80° for four days. After the storage 
period, several of the ampuls were broken and the 
solution filtered to recover the existing precipitate. 
The precipitate was washed and recrystallized 
several times from warm water. This compound 
was found to be neutral and had a melting point of 
120 °.' 

The infrared spectrum of this compound is es- 
sentially identical with that of H-butyl allyl acetyl 
urea at the same concentration in chloroform except 
in the methyl and methylene CH stretching and 
bending regions where it differs slightly, but in the 
expected way for the disappearance of one CH; 
and the addition of one — CHj. As a reaction prod- 
uct of secobarbital this compound can be none 
other than 1-methylbutyI allyl acetjd urea (Fig. 1). 


(CM 1 



Fig. 1. — Infrared spectrum of 1-methylbutyl allyl 
acetyl urea in chloroform. 


Approximately 20 ml. of the filtrate was placed 
into a 125-ml. separatory funnel and acidified with 
a few drops of dilute hydrochloric acid and extracted 
with 25 ml. of chloroform. This chloroform fraction 
was then transferred to another separatory funnel 
containing 26 ml. of a 0.1% sodium bicarbonate 
solution. The funnel was agitated slowly for several 
minutes and the organic phase removed. The re- 
maining aqueous fraction was acidified with dilute 
hydrochloric acid and extracted with four portions 
of chloroform (20 ml.). These chloroform fractions 
were then pooled and the solvent evaporated. In 
order to obtain sufficient quantities of this com- 
pound, the above procedure was repeated a number 
of times, combining the resulting precipitates. 
Finally, the combined precipitate was recystallized 
. several times from methj’l alcohol The compound 
( obtained was acidic in nature ivitli a melting point 
^ of 140°.’ The infrared spectrum, nitrogen anal- 
ysis, and microtitration indicated that the com- 
pound was the mono ureide of l-mctliylbutyl allyl 
inalonic acid (Fig. 2). 

Paper Chromatographic Separation. — .\n ascend- 
ing paper chromatographic technique was employed 
for the separation of the several decomposition 

’ Uncorrected temperature. 


nfOucNct (0*1 



Fig. 2. — Infrared spectrum of the mono ureide of 
1-methylbutyl allyl malonic acid in chloroform 


products occurring in thermally degraded secobarbi- 
tal sodium solution. 

A two phase solvent sj^stem was employed in this 
study, consisting of the combination of the following 
solvents: n-hexyl alcohol, 200 ml.; borate buffer 
(pH 10), 25 ml.; ammonium hydroxide (28%), 
12.5 ml.; purified water, 12.5 ml. 

The above solvents were mixed in a separatory 
funnel for five minutes and then allowed to stand 
for two hours at room temperature, at which time 
the organic phase was removed. This phase was 
then used as the mobile solvent in the development 
of the chromatogram. The filter paper was sprayed 
with borate buffer (pH 10) and dried before use. 

Aqueous solutions of secobarbital sodium and 
urea as well as chloroform solutions of 1-methyl- 
butyl allyl urea and the mono ureide of 1-methyl- 
butyl allyl malonic acid were spotted on the filter 
paper at equal intervals and at a starting point one 
and one-half inches from the bottom of the paper. 
These spots appear on the chromatogram (Fig. 3) 
at points A-D. At point E, spots were placed of 
the compounds mentioned above, superimposed 
upon each other. A spot of the aqueous fraction of 
the decomposed secobarbital sodium solution was 
placed at point F and a spot of the chloroform frac- 
tion at point G. A mixture of the aqueous and 
the chloroform (F and G) fractions were spotted 
at point H. 
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Fig. 3. — &paration of the decomposition products of 
secobarbital sodium by paper chromatography. 


The paper was then placed into a battery jar 
containing a beaker of ?/-he.vyl alcohol saturated 
witli bor.ate buffer-ammonium hydroxide-water 
solution. After an equilibration period, the mobile 
Mlvent system was added to the bottom of the jar. 
The chromatogram remained in the jar for a period 
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of eighteen hours, at which time it was removed 
and dried. 

Three of the compounds (secobarbital. l-meth5’l- 
butjd allyl malonic acid, and 1-methylbutyl alhd 
acetyl urea) were viewed by spraying the chromato- 
gram with 0.02 potassium permanganate solution. 
For these compounds, a yellow spot on a red back- 
ground was seen. The formation of these colors 
is indicative of compounds containing allyl groups. 
A bright yellow color developed for urea when the 
chromatogram was sprayed with /j-dimethylamino- 
benzaldehyde solution. 

The chromatographic technique made it possible 
to separate a number of the decomposition products 
from secobarbital sodium (Fig. 3). R/ values of 
the various compounds are listed in Table I. 

Table I . — Rf Values for Decomposition Prod- 
ucts OF Secobarbital Sodium 


Rf 

Name of Compound Value" 

Secobarbital sodium 0.58 

Mono ureide of 1-methj’lbutyl allyl malonic 

acid 0 20 

1-Methylbut5’l allyl acetyl urea 0.88 

Urea 0 09 


" These values are the average of four determinations. 


DISCUSSION 

It was assumed that alkaline degradation of se- 
cobarbital paralleled the steps reported by Rotondaro 
for phenobarbital in alkaline solutions. If this is 
the case then the more important degradation steps 
can be depicted as shown in Fig. 4. 



Fig 4. — Degradation steps of secobarbital in alkaline 
solution. 


A hydrolytic cleavage occurs in the sccobarbital(I) 
molecule producing the acidic compound(II), mono 
ureide of 1-methylbutyl allyl malonic acid, which 
decarboxylates to yield the neutral compound, 1- 
methylbutyl allyl acetyl urea (III). Further hy- 
drolysis of this compound, gives 1-methylbutyl 
allyl acetic acid (IV) and urea (V). 

it is interesting to note that neither Rotondaro 
(3) nor Kapadia (4) reported the isolation of the 
mono ureide of phenylethyl malonic acid (analogous 
to II) as a decomposition product of phenobarbital, 
even though Rotondaro includes the compound as a 


decomposition product. In this particular study, 
compound IV could not be isolated by the tcclmiqucs 
employed. 

Since very little information was available as to 
actual decomposition products in secobarbital so- 
dium solutions, it was first decided to isolate th 
several compounds bj^ extraction methods. Rt 
thermal degradation accelerated the decompositica 
of the drug and produced a white precipitate is 
the first visible sign of decomposition. This pre- 
cipitate was separated from the solution, purified, 
and subsequently^ identified as the neutral com- 
pound (III). 

Acidulation of the alkaline solution and extrac- 
tion with chloroform removed acidic and neutral 
compounds from the solution. Treatment of the 
chloroform fraction xvith bicarbonate solution sepa- 
rated the acidic decomposition product from se- 
cobarbital and any' neutral product remaining. 
The pH of the bicarbonate solution was not suffi- 
ciently basic to convert the acid, secobarbital, to 
its salt form; thus, secobarbital remained in the 
chloroform phase. Finally, to isolate the acidic 
decomposition product from the aqueous phase 
from any' neutral products, the solution was acidu- 
lated and the compound extracted with chlorofonn. 
On recovery' of the compound and purification, the 
acidic compound was identified as the mono ureide 
of 1-methy'lbutyl ally'l malonic acid (II). 

With two of the decomposition products isolated 
and identified the paper chromatographic technique 
was developed to assist in rapid separation of tk 
several degradation products occurring in seco- 
barbital sodium solutions. This technique satis- 
factorily separated all the compounds .shown in 
Fig. 4, but did not isolate compound IV. A number 
of methods of isolation were utilized to separate the 
compound but all proved fruitless. 


SUMMARY 

1. A study' was undertaken to isolate and 
identify' the sex'eral decomposition prodttets oc- 
curring in alkaline solutions of secobarbital. 

2. By extraction procedure and infrared anal- 
y'sis it yvas possible to separate and identify one 
acidic compound (mono ureide of 1-methylbutyl 
ally'l malonic acid) and one neutral compound 
(l-methylbuty'l allyl acetyl urea). 

3. Paper chromatographic techniques made 
it possible to separate the mono ureide of 1-mcth- 
ylbutyl allyl malonic acid, 1-methylbutyl allyl 
accty'l urea, and urea from decomposed secobar- 
bital sodium solutions. 

4. The results of the study- indicate that the 
alkaline degradation of secobarbital solutions par 
allel those steps reported for phenobarbital. 
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The Hydrolysis of Hydrocortisone Phosphate in 
Essentially Neutral Solutions* 

By ARNOLD D. MARCUS 


The degradation of hydrocortisone phosphate in essentially neutral solutions ap- 
pears to involve hydrolysis as the only significant degradative pathway. The reaction 
is first order with respect to the steroid ester and seems linearly dependent upon the 
hydrogen ion concentration. The reaction is apparently an unusual 0.44 order with 
respect to the catalyst. The activation energy for the overall reaction has been 
found to be 17.0 ± 0.5 Kcal./mole. The “frequency factor” of the Arrhenius 
equation has been calculated and an equation expressing the effect of both tempera- 
ture and pH on the rate of the reaction is presented. 


Touring the formulation of aqueous solu- 
tions of hydrocortisone phosphate it be- 
came apparent that the steroid ester was subject 
to both hydrolytic and oxidative degradation 
Unfortunately, while oxidation could be mini- 
mized by' adjusting the solutions to acid pH 
levels, the rate of hydrolysis increased markedly 
as the pH was lowered Since, however, oxida- 
tion could be successfully controlled by the use of 
suitable antoxidants, the main problem concerned 
determination of the apparent minimum pH 
at which hydrolysis would proceed sufficiently 
slowly to permit adequate shelf lives for the for- 
mulated solutions 

Preliminary evidence, obtained by following 
the rate of formation of inorganic phosphate and/ 
or the appearance of free hydrocortisone alcohol, 
indicated that the minimum suitable pH would 
be between 6 and 8. The rate of hydrolvsis of 
hydrocortisone phosphate in this pH range was, 
therefore, studied with particular attention to the 
effect of temperature on the rate of reaction 

While the present study was by no means a 
comprehensive kinetic evaluation of the stability 
ot hydrocortisone phosphate, it did provide the 
desired information in minimal time It served, 
thereby, as an example of how chemical kinetic 
concepts and techniques permit most efficient use 
of accelerated stability testing programs 

GENERAL DISCUSSION 

Hydrocortisone phosphate is a dibasic acid, 
pKi ca. 2 and pKj = 6.2 In the pH range 6 to 8, 
therefore, the ester could be presumed to be present 
both as the mono-anion and as the di-anion. Be- 
cause of the negatively charged substrates, it 
appeared most likely that hydrolysis would be 
hydrogen ion-catalyzed While hvdroxyl ion- 
catalyzed hydrolysis could not be ruled out, the 
likelihood of electrostatic repulsion of a negatively 
cliargcd catalyst appeared to minimize this latter 

♦Received August 21, 1959, from the Merck, Sharp & 
Dohme Research Laboraloiies, West Point, Pa 

Presented to Scientific Section, A Pn A , Cincinnati 
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possibility. Indeed, other studies of the hj'drolysis 
of structurally analogous phosphate ester (1, 
3-5), showed precisely the behavior assumed above 

If it can be assumed that both anionic forms of 
hydrocortisone phosphate are subject to hydrogen 
ion catalyzed hydrolysis and that both reactions 
are first order with respect to each of the reactants, 
the general rate equation can be given as; 

^ (HCPO4-) -f 

k"„+{H*){HCP0-) (Eq. 1) 

where (HCPOt) is the total concentration of hydro- 
cortisone phosphate, (HCP0t~) the concentration 
of the mono-anion and {HCP0~) the concentra- 
tion of the di-anion Vh* and are the 

specific rate constants characteristic of the indivdual 
reactions 

Since the two anionic forms of the substrates 
should hydrolyze at different rates and inasmuch 
as the relative concentration of each species changes 
with variations in the pH of the solution, it appeared 
unlikely that there would be any simple, linear, 
relationship between the rate of reaction and the 
pH of the system 

EXPERIMENTAL 

Reagents. — Methylene chloride, Merck reagent, 
Portcr-Silber reagent (2), 0 2 Jlf pliosphate buffers, 
pH 6-7 5 

Method of Degradation. — Exactly 2 Gm. of hy- 
drocortisone phosphate, calculated as the free acid, 
was dissolved in a sufficient amount of each of the 
buffer solutions to yield exactly 200 ml of solution. 
The solutions were sparged with nitrogen, subdivided 
into 5-ml. ampuls and sealed under nitrogen The 
sealed ampuls were stored at 5° prior to starting the 
kinetic run 

For the kinetic runs, the ampuls were placed in a 
constant temperature bath set variously at 100, 
91, SO, and 70 ± 0 1° When thermal equilibrium 
was attained one ampul representing each pH was 
removed, immediately chilled in an ice-water 
mixture, and stored at 5° until the contents were 
analyzed. These initial samples were arbitraril)' 
designated the "zero-hour” samples Other ampuls 
were removed at suitable intervals, chilled, and 
stored in the same manner. 

Analytical Procedure. — Exactly 2 ml. of the solu- 
tion in each ampul (at room temperature) was placed 
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in a separatory funnel along with approximately 25 
ml. of distilled water and the mix’ture extracted with 
two 25-ml. portions of methylene chloride in order to 
remove any free alcohol. The aqueous phase was 
then drained into a 200-ml. volumetric flask and 
sufficient distilled water added through the separa- 
tory funnel to bring the solution in the flask to the 
mark. 

Exactly 1-ml. aliquots of these extracted dilutions 
were then mixed with precisely 5 ml. of Porter- 
Silber reagent. The mixed solutions were placed in 
a constant temperature bath at 60° for two hours, 
after which the color intensity was determined 
against a distilled water-reagent blank at 410 
m/i. Initially, all concentrations were calculated 
by comparison with a standard solution of hydro- 
cortisone phosphate. Subsequently, the use of a 
standard was found unnecessary and all "concentra- 
tions” were obtained as a per cent of the "zero hour” 
sample. 

RESULTS AND DISCUSSION 

Order of the Reaction. — From the plots shown in 
Fig. 1 it is evident that the hydrolysis of hydrocorti- 
sone phosphate is first order with respect to the ster- 
oid ester under a variety of experimental conditions. 
This is, of course, an expected result and is quite in 
keeping with the order found for the hydrob'ses of 
other organic phosphate esters (1, 3-5). The ob- 
served first-order rate constants (kcts) are given in 
Table I. 



Fig. 1. — Plots showing the apparent hydrolysis of 
hydrocortisone phosphate to be first order with re- 
spect to the steroid ester under a variety of experi- 
mental conditions. 

Unfortunately, the first-order disappearance rate 
found is not conclusive evidence that hydrolysis 
constituted the only degradative pathway. Defini- 
tive evidence towards this end could be obtained 
only by demonstrating the appearance of one mole 
of hj-drocortisone alcohol for each molecule of the 
ester lost. Inasmuch as, under the conditions 
of this study, hydrocortisone alcohol degrades 
further into products which could not be detected 


Table I. — Magnitudes of the Observed Pseudo 
First-Order Rate Constants 


T , ” C. 

pH 

kflbs — hr.'i X 10* 

100 

7.5 

13. 5S 

100 

7.0 

22.72 

100 

6.0 

63.0 

91 

7.5 

8.15 

91 

7.0 

14.25 

•91 

6.0 

37. SG 

80 

7.5 

3 69 

80 

7.0 

6.36 

80 

6.0 

17.30 

70 

7.5 

1.92 

70 

7.0 

3.28 

70 

6.0 

9.24 


by either Porter-Silber color development or by 
ultraviolet absorption, this molecule-for-molccule 
relationship could not be demonstrated. 

Despite this deficiency, the reproducibility of tli! 
observed rates and their strict adherence to first 
order kinetics are very strong evidence of liydrolylif 
rather than oxidative breakdown. This evidence is 
further strengthened by the preliminary evidence 
previously cited and by the extreme care taken to 
exclude oxygen from the reaction systems. 

pH Dependency. — As noted earlier, it was as- 
sumed that the rate of hydrolysis would increase 
with increasing hydrogen ion concentration, ds 
shown in Fig. 2, this is precisely the behavior ci- 
hibited by these systems. The plots in Fig. 2 run 
contrary to expectations, however, in that the reac- 
tion is linearly dependent on pH in a region witliin 
which a nonlinear response would, as discussed pre- 
viously, be expected. 

Under the conditions of the study, significant 
proportions of both anionic forms of the substrate 
could be expected to be present at each pH level 
The linear relationship seems, therefore, mere!;’ 
fortuitous although it is interesting to note that a 
similar condition prevails in the hydrolysis d 
monobenzyl phosphate (1). 
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This fortuitous linearity, while not unqualifiedly 
explicable at the present time, cannot be regarded as 
representing some simple, uncomplicated, reaction. 
If, for example, under the conditions of this studj' 
only one of the anionic forms of the substrate was 
present, the reaction would probably be second 
order, that is, first order with respect to each of the 
reactants. Since the reaction has already been 
demonstrated to be first order with respect to 
hydrocortisone phosphate and the observed rate 
constant is related to the apparent specific rate 
constant (fe/f+) by 

koha — ki!+ (ff+ )" (Eq 2) 

where n is the order of the reaction with respect to 
hydrogen ion, the slopes of the plots in Fig. 2 
should be —1.0 if the reaction was simply second 
order. The actual slope of these lines is, however, 
—0.44 in each case. This is certainly not an ap- 
parent order representative of anj' simple reaction. 

Instead, the apparent 0 44 order with respect to 
hydrogen ion probably represents a weighted average 
order of the individual reactions characterized by 
the observed rate constants and given by 

kai, = (H+)"' -f (H+Y" (Eq 3) 

where specific rate constants are the same as given 
in Eq. 1 and where n' and «" are the orders with 
respect to hydrogen ion of the individual reactions 
If it is true that the apparent 0 44 order represents 
a weighted average, the linear nature of the plots in 
Fig 2 permits calculation of the apparent overall 
specific rate constant. Upon putting Eq. 2 in its 
logarithmic form we can write 



Fig 3 — Arrhenius type plots showing the tem- 
perature dependency of the hydrolysis of hydrocorti- 
sone phosphate The apparent activation energy as 
determined from the slopes of these lines is 17 0 ± 
1 Kcal /mole 


and was determined to have an average value 
2 67 X 10” 

The value of A was calculated in terms of kH+- 
rather than k„u because the former depends only 
on temperature while the latter is both temperature 
and pH dependent 


log kci, = —n pH -f log kn+ (Eq. 4) 

and then 

log feob, = —0 44 pH -h log kn+ (Eq. 5) 

thereby enabling us to calculate kH■^- at each tem- 
perature These calculated average values for 
fe/f+ are given in Table II. 

Temperature Dependency.— The effect of tem- 
perature on the rate of hydrolysis of hydrocortisone 
phosphate is shown in the Arrhenius-type plots of 
Fig 3 The activation energy as calculated from 
the slopes of these lines is 17 0 ± 1 0 Kcal /mole 
The same activation energy is obtained when the 
calculated average specific rate constants are plotted 
as a function of reciprocal absolute temperature 
Since it ivas desirable to write a kinetic equation 
expressing the effect of both pH and temperature 
on the rate of degradation, evaluation of the "fre- 
quency factor,” .4, of the Arrhenius equation was 
necessarj’^ This was calculated from the expres- 
sion: 

kn+ = (Eq. 6) 


Tabue II — Calculated Average I'alues of kn * 
AT Various Temperatures 



KINETIC EQUATION 

Since, from the Arrhenius equation we can UTite 

log kH+ — log 4 — A Haj2 30 RT (Eq 7) 

and the values for 4, A Ha, R, and T are either 
known or have been evaluated, our equation 
becomes 

log = 11 41-17,000/4.58 T (Eq. 8) 

When Eq 6 is rearranged and substituted into Eq. 
8, we get the kinetic equation 

log kat, = 11.41 -3710/r -0.44 pH (Eq. 9) 

thus expressing the effect of temperature and pH on 
the pseudo first-order degradation of hydrocortisone 
phosphate 

In practice this equation has been applied with 
success to formulation procedures, stability evalua- 
tion, and in permitting separation of degradations 
resulting from both oxidation and hydrolysis 
Although the present communication considers 
only the pH range G to 7.5, the equation presented 
has proved reliable in describing degradation in the 
pH range 5.0 to 8 5. 


5or?77;"?5\5aM=E- F.. J Am Ch , m . 

(S) Chanie^: ^3^70952)^’ 


The Photometric Determination of 
Hydrochlorothiazide and Its Hydrolysis Product* 


By C. R. REHM and J. B. SMITH 

Photometric methods suitable for the routine determination of hydrochlorothiazide 
and its hydrolysis product, 4-amino-6-chloro-7/z-ben2enedisulfonamide, have been 
developed. Hydrochlorothiazide undergoes an apparently reversible hydrolytic 
reaction in aqueous media to give 4-amino-6-chloro-7n-benzenedisulfonamide and 
formaldehyde. Ultraviolet absorption measurements at 271 are suitable for 
the determination of hydrochlorothiazide in the absence of the disulfonamide and 
for the determination of total hydrochlorothiazide (nonhydrolyzed plus hydro- 
lyzed) where the extent of hydrolysis is less than 10 per cent. The disulfonamide 
resulting from the hydrolysis of hydrochlorothiazide is determined by reaction 
with_ nitrous acid and coupling of the diazonium compound formed with chromo- 
tropic acid. The resulting red color which is read at 500 mg is linear in absorb- 
ance with concentration of disulfonamide. Hydrochlorothiazide and formalde- 
hyde, as such, do not interfere, permitting the extent of degradation of hydro- 
chlorothiazide to be accurately determined. In a similar manner, total hydro- 
chlorothiazide is determined by alkaline saponification prior to diazotization and 
reaction with chromotropic acid. The intact hydrochlorothiazide is calculated 
from the difference between the results of the two colorimetric procedures 


"lUr YDROCHi:,ORorHrAzrDE^ IS an extremely active 
diuretic (1-5) and has the following mo 
lecular structure 



It IS a colorless crystalline compound with a melt- 
ing point of 265-270° (decompn ) and a mo 
lecular weight of 297 75 Hydroclilorothiazide is 
very slightly soluble m water, soluble in dilute 
sodium hydroxide solution andmethanol, and very 
soluble m diethyleneglycol monomethylether 
In the course of developing analytical methods 
suitable for the determination of hydrochloro- 
thiazide in pharmaceutical formulations, the deg- 
radation of this compound was also investigated 
Studies in these laboratones have shoivn that m 
aqueous solution hydrochlorothiazide undergoes 
hydrolysis to give 4-amino 6 chloro m benzene- 
disulfonarmde and formaldehyde according to the 
following reversible reaction 


Cl^ 


H2N02S 


II 


0 


H2NO2S 


Clvy^NHj 

+ hcho 


SO2NH2 


* Recel^ed August 21 1^59 from the Research Djjpart 
meat Ciba Pharmaceutical Products Inc Summit N J 

Presented to the Scientific Section A Ph A , Cincinnati 
meeting August 

* Esidnx IS the trademark of Ciba Pharmaceutical Products 
Inc , Summit, N J 


The instability of the ^N-CH 2 -N\ group m 
number of compounds yielding formaldehyde as 
hydrolysis product has been reported as earl) i 
1907 by Votocek and Vessely ( 6 ) The hydrol)S 
of chlorothiazide in alkaline solution, which al 
yields 4-ammo 6 chloro-w-benzenedisiilfonaniit 
and presumably formic acid (salt), has been r 
ported by Baer, el al (7) A study of the kinctii 
of the hydrolysis of hydrochlorothiazide, wine 
will be presented in a subsequent papei, mdicafo 
that the equilibrium of the above reaction is far 
to the left 

In order to determine the stability of h) dro 
chlorothiazide in solution and in various phar 
maceutical formulations, specific analytical inetli 
ods were required which would permit the extent 
of hydrolysis to be accurately determined These 
methods are desenbed m detail in the follow ms 
sections 


EXPERIMENTAL 

Apparatus and Reagents. — Ammoniuni li)dro< 
ide 0 5 N, hydroxylamine HCl 0 7% solution, 
hydrochloric acid 1 N, sodium nitrite 1% solution, 
ammonium sulfamate 2% solution, chromotropic 
acid (disodium salt) 0 5% solution, freshly prepirc , 
sodium acetate 1 N, hydrochlorothiazide standatu 
solution, 0 1 mg /ml , 4 ammo G chloro r«-benzciic 
disulfonamide standard solution, 0 1 mg /m , 
100° water bath, Beckman model B spectropho- 
tometer or other suitable spectrophotometer 

Determination of 4 -amino- 6 -chIoro-i«-benzene i 
sulfonamide — If sample is a solid, dissolve ac 
curatelj weighed sample m 5 ml of methanol or 
methvl cellosolve Dilute sample with water to a 
volume such that final dilution contains 0 01 " 
0 1 nig /ml of disulfonamide Diluted sainp e 
should be assajed for disulfonamide within four 
hours if hj drochlorothiazide is present in the s imp 
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nto separate 50-ml. volumetric flasks, pipet 2 to 
I ml. of sample solution and 2 ml. of 4-amino-6- 
hloro-)H-benzenedisulfonamide standard solution, 
ro each flask add 1 nil. of sodium nitrite solution 
ollowed by 5 ml. of hydrochloric acid and mix 
rell. Allow to, stand for three to five minutes, 
rhen add 1 ml. of ammonium sulfamate solution, 
aix well, and allow to stand for three minutes, 
fo each flask add 1 ml. of chromotropic acid solu- 
ion and 10 ml. of sodium acetate solution, dilute 

0 volume with water, and mix well. Prepare a 
ilank solution in a similar manner. Determine the 
bsorbance of the sample and standard solutions 
gainst the blank solution in 1-cm. cells at 500 
n^ in a suitable spectrophotometer. 

Cakitlalion.—yis- disulfonamide = A sample/ 

1 standard X 0.2 X dilution factor; mg. hydrolyzed 
lydrochlorothiazide = rag. disulfonaraide X 1.042. 

Determination of “Total” Hydrochlorothiazide. — 
Dissolve or dilute sample with 0.5 N ammonium 
lydroxide solution so that a concentration of 
ipproximately 01 mg./ml. is obtained. Accurately 
lipet 2 ml. of sample solution and 2 ml. of standard 
lydrochlorothiazide solution into separate 50-ml. 
mlumetric flasks, add 0.5 ml. of hydroxylamine HCl 
iolution to each flask, and stopper tightly. Place 
the flasks in a water bath at 100° for 
sixty minutes. Cool the flasks to 25°, and 
proceed as directed under Delcrminalion of 4- 
imino-6-chloro-m-bensenedisulfommide beginning 
ivith “to each flask add 1 ml. of sodium nitrite 
;olution . . ." 

Calculation. — Mg. “total” hydrochlorothiazide = 
A sample/.i4 standard X 0.2 X dilution factor, 
where A sample = absorbance of sample solution 
ind A standard = absorbance of standard solution ; 
mg. /lydrochlorothiazide (nonhydrolyzed) = mg, 
total hydrochlorothiazide^ — mg. disulfonamide* X 
1.042. 

RESULTS AND DISCUSSION 

Ultraviolet Absorption Spectra. — The ultraviolet 
absorption spectra of hydrochlorothiazide and of 
4-amino-6-chloro-)n-benzenedisulfonamide in meth- 
anol are shown in Fig. 1. Similar curves are ob- 
tained for aqueous solutions of the compounds. 
Absorbance measurements of methanolic and aque- 
ous solutions of hydrochlorothiazide at the maximum 
of 271 mu indicate that Beer’s law is obeyed over the 
concentration range 1 to 10 mg./L. The £(!%,! 
cm.) 271 mp of hydrochlorothiazide has been deter- 
mined to be 675 ±7 (methanol) and 650 ±7 
(water) in these laboratories. 

It is evident from the overlapping spectral curves 
that ultraviolet absorption measurements are not 
suitable for the accurate determination of the 
hydrochlorothiazide moiety in the presence of the 
disuUonamide, Total hydrochlorothiazide (non- 
hydrolyzed -f hydrolyzed) can be determined with 
fair accuracy by ultravdolet absorption measure- 
ments at 271 rap, if the extent of hydrolysis (or 
contamination by the disulfonamide) is not too 
great. For example, if the disulfonamide were 
present to the extent of 10% of the amount of 
hydrochlorothiazide in a sample, a maximum error 

computed on basis ot same total initial sample 
"OKht or volume. 



Fig. 1. — Ultraviolet spectra of hydrochlorothia- 
zide and 4-amino-6-chloro-m-benzenedisulfonamide 

in methanol. Hydrochlorothiazide, 

4-aminO'6-chloro-j»-benzenedisulfonamide. 

of approximately —1% would be introduced in the 
determination of the sum of the two compounds by 
absorbance measurements at 271 mjx. 

Color Reaction. — The diazotization of 4-amino-6- 
chloro-m-benzenedisulfonamide and subsequent 
coupling with N-(Tnaphthyl)-ethylenediamin6 by 
the well-known Bratton and Marshall procedure 
has been used by Baer, et al. (7), in the determina- 
tion of chlorothiazide with reportedly excellent 
results. Chromotropic acid (4,5-dihydroxy-2,7- 
naphthalenedisulfonic acid) which has been reported 
to give highly colored products upon reaction 
with diazotized o-aminobenzenesulfonamides (S) 
was used as the coupling agent in these procedures. 

The diazotization reaction is complete in two 
minutes or less as shown by potentiometric titra- 
tions with sodium nitrite. The titrations also re- 
vealed that 2 moles of nitrous acid are consumed by 
one mole of the compound, indicating the reaction 
is apparently more complex than a simple diazotiza- 
tion reaction. The reaction between the diazonium 
compound and chromotropic acid after destruction 
of the excess nitrous acid results in a pink color 
with an absorption maximum at 500 mp. The 
color development proceeds somewhat slowly in 
acid medium, requiring thirty^ to forty-five minutes 
for full color development. By buffering the solu- 
tion to a higher pH (approximately 4.7) through 
the addition of sodium acetate, the color develop- 
ment is very rapid and absorbance values may' be 
determined within five minutes. Absorbance values 
have been found to be constant ov'er a period of 
several hours, although the solutions gradually 
attain an orange tint, apparently due to slow oxida- 
tion of the excess chromotropic acid. 

The buffering of the final solution accounts, in 
part, for the reproducible absorbance values ob- 
tained with the standards. The relationship 
between absorbance and concentration is linear 
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over a wde range of concentration as shown in 
Fig 2 The £(!%,! cm ) at 500 in terms of 
original disulfonamide concentration is appro\i 
match 1,080 

In order to detennme the suitability of the 
method for kinetic and stability studies, known 
samples of the disulfonamide m the presence of 
111 drochlorothiazide and formaldehyde were ana- 
lyzed These data iiliich are shown in Table I 
indicate that the compound can be accurately 
determined m the presence of large molar e\cess 
amounts of hi drochlorothiazide and formaldehyde 
Hydrochlorothiazide is sufficiently stable in dilute 
acid solution at room temperature so that no 
significant hydrolysis occurs during the diazotiza- 
tion procedure Formaldehyde which forms an 
intense purple color with chromotropic acid in 80 % 
sulfuric acid ( 9 ) apparently does not react at room 
temperature in acid solutions nhich are less than 
2N 



Fig 2 — Plot of absorbance vs concentration of 
4 -amino- 6 -chloro-;;i-benzenedisulfonamide after di- 
azotization and coupling uith chromotropic acid 
Final volume = 50 ml 


Table I ■ — Determination of 4-Amino-6-chloro- 

nl-BENZENEDISULFONAMIDE IN PRESENCE OF HYDRO- 
CHLOROTHIAZIDE AND Formaldehyde" 


Sample Composition, mg 


Dtsul 

Hydro 

chloro 

Form 

aide 

Disulfonamide 

fonamide 

thiazide 

h>de 

Found, mg 

1 00 

0 


1 01 

1 00 

0 50 


1 00 

1 00 

1 00 


0 99 

1 00 

10 00 


1 00 

1 00 

50 


1 01 

1 00 


0 01 

1 00 

1 00 


0 10 

1 00 

1 00 


1 00 

0 99 

1 00 

1 60 

0 10 

0 99 


a Results are averages using duplicate samples and stand 
ards 


Hydrolysis Reaction. — Studies of the dccompo. 
tion of hydrochlorothiazide in aqueous solutio- 
have indicated that the hydrolysis proceeds to an 
apparent state of equilibrium, the extent of hi 
drolysis being dependent upon the concentratioi d 
drug in solution Typical results obtained for tb 
hydrolysis in sodium hydroxide and in amnioniur 
hydroxide solution, as shown in Fig 3 , indicao 
that hydrolysis is incomplete even after innetv 
minutes. Refluxing in 2 A sodium hydroxide f - 
sixty minutes effected complete hydroK sis, pre-u'^ 
ably by destro3'ing the formaldehyde rclciift’ 
thus forcing the reaction to completion Thi 
procedure which would be inconvenient for run 
tine determinations did suggest, howeicr, thil 
the reaction could be forced to completion undii 
milder conditions bj^ the addition of a suitable agert 
to react with the formaldehj'de as it was formed 



Fig 3 . — Hydrolj'sis of hydrochlorotliiazide in aj 

kaline media 0 5 A NH4OH + bydroxil 

amine HCl, 0 . 5 A NHjOH, 

NaOH 

The addition of a small amount of hydroxyl.uinn' 
HCl to solutions of hj'drochlorotliiazide in 0 5 i 
ammonium hydro.xide resulted in complete 
ysis m approximately fortj'-five minutes at W ■ 
as shown in Fig 3 A reaction time of sixty miniilo 
was found to be suitable Although hydroxylanimt 
undergoes hydrolysis in alkaline solution, d 
apparently sufficient!}' stable in ammonium 
ide at 100 ° as to be available for reaction with • ^ 
formaldehyde resulting from the hydrohsis i 
hydrochlorothiazide Sufficient nitrite must ' 
added in the subsequent diazotization re.icti')n 
provide an excess over th.it consumed b} the " 
droxylamine remaining 

.Mthough analyses of hydroehlorothiazide U‘'i 
the disulfonamide as a standard have shown ' 
the hydrolysis is essentially 100 % over a 
tration range of 0 01 to 0 1 mg /ml , it is preftra i ^ 
to use hydrochlorothiazide standards, tt.ur)' * 
them through the same procedure as unUi''> 
samples , 

Known samples of hydrochlorothiazide p >t^ 

amino- 6 -chloro-m-benzencdisulfonamidc, _ 

ing hydrochlorothiazide hydrolyzed to di un ^ 
extents, as shown in Table II, were an.djzu 
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Table II. — Deterjiination of Hydrochloro- 
thiazide AND 4-A»UN0-6-CHL0R0'7)I-BENZENEDISIJL- 
FONAMiDE IN Mixtures 


Sample 

Composition, mg “ 

A B 

Found, mg a 

B C 

- — % Hydrolysis — - 
Experi- 
Theory mental 

100.0 

0 

0 05 

101 

0 

0 05 

95 0 

4 80 

4 84 

100 

5 

5 05 

90 0 

9 60 

9 69 

100 

10 

10 2 

75 0 

24 0 

24 3 

99 

25 

25 5 

50 0 

48 0 

48 0 

100 

50 

50 0 

25 0 

72 0 

71 5 

100 

75 

74 5 

10 0 

86.4 

87 3 

100 

90 

91 


A = hydrochlorothiazide, B = 4-amino-6 chloro-m- 
benzenedisulfonamide, A + B corresponds to 100 mg of A 
hydrolyzed to extent shown, C = total of A T B determined 
as A, % hydrolysis (experimental) = (B X 1 042/C) X 100 


total hydrocWorothiazide and for the disulfonamide 
content by the procedures outlined. The per cent 
hydrolysis was calculated from the difference 
between the assay for total hydrochlorothiazide 
and the assay for the disulfonamide for each sample. 
It is necessary, of course, to convert the determined 
disulfonamide content of the sample to an equi- 


valent amount of hydrochlorothiazide by multiply- 
ing by the factor 1.0-12, the ratio of the molecular 
weights. From the data shown it is apparent that 
hydrochlorothiazide can be determined isdth a 
precision of ±1% and that the extent of hydrolysis 
can be accurately determined These procedures 
are applicable to the determination of hydro- 
chlorothiazide and its stability^ in tablets and 
liquid formulations and have been used in these 
laboratories on a routine basis 
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The Metabolism and Central Nervous System 
Distribution of C-l4 Carbonyl Salicylamide 

in the Rat* 

By WILLIAM F. BOUSQUET and JOHN E. CHRISTIAN 


This investigation was undertaken in order 
to define the central nervous system distribu- 
tion pattern of C-14 carbonyl salicylamide 
in the rat, as a possible basis of explaining 
the higher level of analgetic activity of this 
drug as compared to other compounds of the 
salicylate group. The metabolic products 
of salicylamide in this species were identi- 
fied. Various tissues were then examined 
for the presence of metabolic products. 

IVTumerous studies (1-3) have shown salicyl- 
^ amide to possess favorable analgetic prop- 
erties. Blood levels of this compound are low 
in man and animals (4), presumably due to rapid 
distribution to the tissues (5) In experimental 
animals brain concentrations of salicylamide are 
higher tlian otlier salicylate drugs (C) 

The uptake of C-14 carbonyl salicylamide by 
the central nerv'ous system of tlie rat has been 

•Received August 21, 1959. from the Bionucleonics 
Departmeut, Purdue University, Lafayette Ind 
Presented to the Scientific Section. A Pii A , Cincinnati 
"iccling. August 1959. 


Studied at various time intervals following in- 
traperitoneal administration of 100 mg./Kg of 
salicylamide containing 3 0 /zc of C-14 activity 
Samples were taken from the blood, cerebrospinal 
fluid, cerebral cortex, cerebellum, medulla, 
pituitary, hypothalamic area, and the adrenal 
glands at inter\rals of five, fifteen, thirty, sixty, 
and one hundred and twenty minutes after drug 
administration 

Various metabolic products of salicylamide 
have been reported in studies involving both 
animals and man The predominant product 
observed has been salicylamide itself, either in 
tlic free state or conjugated with eiUier sulfate 
or glucuronate. Studies of salicylamide metab- 
olism in humans have failed to reveal tlie pres- 
ence of the 5-hydroxy analog of salic 3 'Ianiide 
(gentisamide) as a metabolite (7), while tin's com- 
pound has definitely been established as a met- 
abolic product in animals (S). 
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Other authors (9) have reported the presence 
of gentisic acid in the pituitary gland of febrile 
rats following salicylic acid administration. 
Accordingly, it was of interest in this work to 
determine whether the pituitarj' plays a role in 
the hydroxylation mechanism leading to the 
formation of gentisamide from salicylamide. 

The metabolic products present in the urine of 
both normal and hypophysectomized animals 
following administration of 100 mg./Kg. of 
salicylamide containing 3.0 /nc. of C-14 activity 
were isolated and identified. The blood, whole 
brain, pituitary, cerebrospinal fluid, and the 
adrenal glands were examined in another group of 
animals in order to determine if these areas con- 
tained any metabolic products. 

EXPERIMENTAL 

Synthesis of C-14 Carbonyl Salicylamide. — 
This compound was prepared by a modification of 
the method of Bousquet and Christian (10), using 
C-14 carboxyl salicylic acid synthesized in these 
laboratories by Bousquet and Christian (11). 
The compound was determined to be both chemi- 
cally and radiochemically pure before use in the 
animal experiments. This material was found to 
have a specific activity of 4.05 X 10®dpm/rag. 

Central Nervous System Distribution Studies. — 
Male, albino rats of the Holtzmann strain were used 
throughout this work. These animals were main- 
tained on Purina Laboratory Chow. At tlie time 
of use the animals weighed between 200 and 310 
Gm. They were not fasted prior to injection. 

Procedure . — Five animals were studied at each 
time interval following intraperitoneal administra- 
tion of 100 mg./Kg. of salicylamide containing 
3.0 uc. of C-14 activity. The drug was dissolved 
in 40% aqueous propylene glycol with gentle 
heating. The volume of solution administered to 
each animal was 1.0 ml. .Animals were sacrificed 
at five, fifteen, thirty, sixty, and one hundred and 
twentj' minutes after drug administration. 

All radioactivitj' determinations were made with 
the Tri-Carb liquid scintillation spectrometer.* 
Special, low potassium content glass vials^ were 
used as sample containers. Tissue samples were 
dissolved in 2 ml. of a 1 M solution of Hyaraine’ 
hydroxide in methanol. Correction for differences 
in sample counting efficiencj' was made using an 
internal standard technique (12). 

After injection the animals were placed in indi- 
vidual cages. One minute before expiration of the 
time period allowed for uptake of the drug, the 
animal was removed from the cage, anesthetized 
lightly with ether, and a sample of cerebrospinal 
fluid withdrawn by puncture of the cistema raagna 
with a 27-gauge needle fitted with a length of 
polyethylene tubing. The fluid was allowed to 
flow to a predetermined height in the tubing such 


that about 40 mg. was obtained. In some cases i 
was necessary to apply suction to the tubing. Th 
fluid sample was transferred to a sample vi- 
containing 2.0 ml. of Hyamine solution, which wa 
capped and set aside. 

The animal was then decapitated and the fret 
flowing blood collected in a three-inch evaporatnj 
dish containing 10 drops of a saturated soluth: 
of ammonium oxalate. This was transfeued to a 
15-ml. tube and centrifuged for twenty ininuto 
Three 25-X plasma samples were transferred If 
sample vials containing Hyamine as described b 
the CSF samples. 

The brain was perfused through the carotid 
using 16 ml. of 0.85% saline. The skull wa 
opened, the brain removed intact, rinsed rapid! 
with saline, and set aside on a piece of paper towclini 
moistened ivith saline. The pituitarj' was thei 
removed and treated likewise. The adrenal gland 
were removed and dissected free of fat. 

The pituitary and the adrenals were weighed am 
transferred to sample vials containing 2.0 ml. o 
Hyamine. Two samples of the medulla, cerebellum 
cerebral cortex (no white matter), and the hypo 
thalamic area from each animal were dissected out 
weighed, and transferred to sample vials. 
tissue samples taken were less than 40 mg. ti 
weight. 

When all tissue samples from a given group o 
animals had been taken, they were set aside in tbi 
sample vials to allow dissolution to begin. Afin 
twenty-four hours all samples with the exception 
the plasma and CSF were placed in an oven and 
heated at 60° until the tissue dissolved. This 
usually required not over seventy-five mitiutcs if 
the caps were removed from the vials prior to 
heating. It is imperative that the temperature 
not exceed 60°. Higher temperatures cause the 
solutions to become dark brown in color and coimt- 
ing efficiency is greatly impaired. Upon completion 
of tissue dissolution the vials were removed from the 
oven, cooled to room temperature, 16 ml. of liQun 
phosphor solution* added, and the samples counted 


in the Tri-Carb. 

Results . — The results obtained in the centra 
nervous system distribution study arc slioun 
graphically in Fig. 1. Activities are e.xpresscd on a 
wet weight basis. Maximal central nervous system 
uptake of C-14 carbonyl salicylamide in the rat u 
seen to occur between five and fifteen ininutH 
following administration of the labeled compoum 
No well-defined peak is seen for the blood, “ 
higher concentrations are evident between tbiffi 
and sixty minutes. Between sixty and one 
and twenty' minutes there appears to ^ 

change in concentration in any' area but the h.ip*" 
thalamus. . , 

The concentration ratio between the cercbrospmr 
fluid and the plasma reached unity in 
minutes, indicating rapid transport from 
plasma. It is of interest that salicylic aci . 
substance of similar molecular structure, 
over six hours to reach equivalent concentration 
the cerebrospinal fluid of rabbits ( 13). 


I Packard Instrument Co., LaGrange. IP. 

* Five-dratn, crystallite vial, fA-SSOo, T. C. WTieaton Co., 
Millville, N. J. 

* A high molecular weight quaternarj' ammonium com- 
pound which dissolves animal tissue. Supplied by t^he Rohm 
and Haas Co. It was converted from the hydrochloride to 
the free base by treatment with sodium hydroxide. 


if 


* Prepared by dissolving 102 Gm. of naphthalene, 
of p’'*''' ■’ *'•' ^13 Gm. 01 ^ 

( 1 . - 

3£ylcn ■ , , • ' 

300 ml. 


a mixture 

id absolute etfcfi! 
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that about 3% (range 1. 7-7.4%) of the compound 
was excreted in the free form, assuming that 
extraction was complete and that only free salicyl- 
amidc was extracted. 

Chromatographic analysis of the ether extract 
of the unhydrolyzed urine from normal animals 
revealed the presence of only one spot corresponding 
to free salicylamide. In two animals, an additional 
spot was present upon .spraying with ferric nitrate. 
This was probably salicyluric acid, although a 
definite identification was not made. No gentisic 
acid amide was found in these extracts indicating 
that any of this compound formed in vivo is not 
excreted in the free form. 

Chromatography of the ether extracts of the acid 
hydrolyzed urines showed the presence of two 
spots, one corresponding to salicylamide and one to 
gentisic acid amide. These were observed in both 
normal and hypophysectomized animals, thus sug- 
gesting that the pituitair does not play a role in the 
hydroxylation mechanism. In order to confirm 
the presence of gentisic acid amide in the extracts 
this compound was added to the extract and chro- 
matographed again. A single fluorescent spot was 
present which was found to contain the radio- 
activity 

It was of interest to determine the relative 
amounts of salicylamide and gentisic acid amide 
present in the urine after hydrolysis. Accordingly, 
the chromatogram spots containing these materials 
were cut from the paper and analyzed for their 
radioactivity These data indicate that between 5 
and 30% of the excreted radioactivity is associated 
with gentisic acid amide. 

It was not possible to show the presence of either 
salicylic acid or gentisic acid in the urinarj' extracts. 
Thus it appears that the amide function is not 
broken down during salicylamide metabolism in this 
species. The biostability of the amide function is 
well recognized (16, 17). 

Tissue Metabolites of C-14 Carbonyl Salicyl- 
amide. — It was of interest to determine if the 
hydroxylated metabolite of salicylamide which 
presumably (18, 19) is formed in the liver of e.xperi- 
mental animals, is returned to the general circula- 
tion and distributed to the body tissues. The 
plasma, cerebrospinal fluid, pituitary gland, adrenal 
glands, and the brain were examined for the presence 
of metabolites. 

Proccc}urr.--'Ma\c rats were dosed as previously 
described. Fifteen minutes after drug administra- 
tion a sample of cerebrospinal fluid was withdrawn 
from each anesthetized animal. A 10-X sample of 
CSF was chromatographed using the solvent systems 
described for the urine samples. 

.4t twenty minutes the animals were sacrificed 
by decapitation, the blood being collected with 
oxalate. The pooled blood from three animals was 
centrifuged and 4.0 ml. of clear plasma removed with 
a pipet. To this was added 2.0 ml. of a 10% 
solution of trichloroacetic acid and the sample 
again centrifuged. Four milliliters of clear liquid 
was withdrawn. This was extracted with three 
lO-ml. portions of ether and concentrated so that 
20 X of extract was equivalent to approximatelj- 
100 X of plasma. Twenty-X portions of the extract 
were chromatographed. 

The brains were pooled and homogenized with 7 


ml. of saline. The total volume of homogenate w.as 
about 13 ml. One milliliter of coneenlratcd 
hydrochloric acid was added and the homogenate 
extracted with five 25-ml. portions of ether. The 
extract was concentrated to 1 ml., and 15-X portio: 
chromatographed. 

The pituitaries from the three animals \vc: 
transferred to a test tube containing 1.0 ml. el 
500 mg. % solution of pepsin in 0.1 N hydrochlor 
acid. This was heated at 38° for eighteen hour 
The fine suspension produced was extracted wii 
three 10-ml. portions of ether, the extract cci 
centrated to 100 X, and 15-X aliquots cliroraati 
graphed. 

The adrenals ivere treated in the same inanm 
as the pituitary glands. 

Results . — Examination of the chromatograms i 
the tissue extracts revealed the presence only i 
salicylamide. This ivas found in all of the extract 
Under ultraviolet light no fluorescence was foun 
in the area where gentisic acid amide would I 
present. In order to confirm the finding th: 
gentisic acid amide is not present in the tissui 
following salicylamide administration, the chn 
matograms of the tissue extracts were exposed ( 
Eastman-Kodak "No-Screen” X-ray film for 
period of one month. This technique would ser\ 
to indicate the presence of minute amounts ( 
gentisic acid amide which would not be detcctah! 
by conventional procedures. At the end of t!i 
exposure period no darkening of the film "S 
observed. 


DISCUSSION 

The finding of highest activity in the pituitat 
gland following administration of C-14 carbon; 
labeled salicylamide is in agreement with reports < 
other authors who found the same to be true in tl 
case of labeled aspirin (20). Further, these d.al 
support an earlier report of Bousquet and Christia 
(10) that whole brain concentrations of salicylaniid 
are much higher than plasma concentrations. 

The greatest positive slope of the plasma curu 
coincides in time with the greatest negative slope 
of the tissue curv'es. Assuming that complete 
absorption had taken place, this would indiealc 
that peak plasma levels cannot be reached until the 
compound is removed from the tissues. 

The finding of highest activity in the pituitar) 
cannot readily be explained. Although the pituitar) 
is thought to lie outside the blood-brain harrier, 
the possibility exists that this area selcctue) 
concentrates the drug. The high uptake of ra'lire 
activity by the pituitary warrants further stuO 
regarding the mechanism of action of antipyretie 
analgetic drugs of this type. Other authors (• | 
report that gentisic acid is present in the pituitar) 
gland of febrile rats following administration o 
aspirin or salicylic acid. It should he emphasizei 
that the animals used in this study were not m t 
febrile state. However, the finding of identira 
metabolites in normal and hypopliy.scctoinizu 
animals would seem to rule out any norni:i! ') 
dro.xviating function of this gland. The P""’' ” ' 
fJoes exist that the disposition of hydroxyl.a 
mct.abolites would be different in febrile atiim.als. 
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SUMMARY AND CONCLUSIONS 

C-14 carbonyl labeled salicylamide %vas syn- 
thesized from C-14 carboxyl salicylic add by a 
! modification of the method of Bousquet and 
Christian. Chemical and radiochemical purities 
of the labeled compound were determined by 
paper partition chromatography and autoradi- 
ography. 

The distribution of C-14 carbonyl salicylamide 
in the central nervous system, adrenals, and 
plasma of the rat was studied at time mtenmls of 
five, fifteen, thirty, sixty, and one hundred and 
twenty minutes following intraperitoneal in- 
jection of 100 mg./Kg of salicylamide containing 
3 0 nc. of C-14 activity Tissues taken for radio- 
activity analysis include the medulla, cerebellum, 
cerebral cortex, hypothalamic area, pituitary 
gland, cerebrospinal fluid, adrenal glands, and 
the plasma The pituitary gland showed the 
greatest uptake of radioactivity of all tissues 
examined Peak activity occurred at fifteen 
minutes for the pituitar)’-, medulla, cerebrospinal 
fluid, and the adrenals. The hypothalamic area 
did not show a peak until sixty minutes No 
well-defined peak was seen for the cerebellum and 
the cerebral cortex The plasma did not exhibit 
its highest activity until thirty minutes, this 
t time appearing to coincide with removal of the 
drug from the tissues 

The metabolism of C-14 carbonyl salicylamide 
was studied in normal and hypophysectomized 
rats. Following hydrolysis and ether extraction 
of the urine, paper chromatographic separation 
indicated the presence of salicylamide and gentisic 
acid amide Free salicylamide was shown to be 
present in the unhydrolyzed urine while gentisic 
acid amide is apparent^ excreted entirely as a 
conjugate in this species Gentisamide was 


shown to occur in the urine to the extent of be- 
tween 5 and 30 per cent. 

The products obtained in the mine of the 
hypophysectomized animals were identical to 
those in the normal animals, indicating that the 
pituitary gland does not play a role in the hy- 
droxylation of salicylamide. 

In another group of animals the brain, pituitary 
gland, cerebrospinal fluid, adrenals, and plasma 
were examined for the presence of metabolic 
products Paper chromatographic separation of 
ether extracts from these tissues showed the 
presence only of salicylamide No gentisic acid 
amide was found in the tissues studied 
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Studies on Local Anesthetics XXV‘ 
(Physicochemical Properties of Drugs 

By ALES SEKERAf and CENEK VRBAJ 

The authors have studied the anesthetic activity of thirty diethylaminoethyl esters of 
substituted carbamic acids by surface and infiltration techniques and have attempted 
to correlate this activity with certain physicochemical properties, namely: surface 
tension activity, adsorbability, liposolubility, ability to coagulate colloids, and 
basicity of these compounds. The results obtained have been evaluated tabularly, 
graphically, and statistically. At the same time a summary has been given of the 
earlier results and they have been included in the discussion. 


Ctudies of the relations between physico- 
chemical properties and local anesthetic 
activity are fairly numerous (1). Their results 
have not only contributed to the elucidation of 
the mechanism of action of this group of drugs 
but also furnished some valuable hypotheses for 
the choice of the structures of new synthetized 
substances. It is essentially for this reason that 
we have given attention to these relations in 
our studies of the new local anesthetics of the 
series of basic carbamates. 

On 30 substances of general formula I (R = 
H, alkyl, phen}'!, tolyl, xylyl, alkoxyphenyl, 
naphthyl) (2) we have studied five physicochemi- 
cal properties: surface tension (3), displacement 



N. COO • CHjCHjNfCjHs). -HCI 


I 


adsorbability (4), liposolubility (5), ability to 
coagulate colloids (6), and basicity (5). Easily 
accessible from the experimental point of view, 
they were chosen because of the importance 
which is attributed to them according to different 
theories of the mechanism of action of local 
anesthetics. They were compared with the 
relative activities of three kinds of anesthesia; 
surface, infiltration, and conduction (7), calcu- 
lated as quotient of the durations of the complete 
anesthesia after application of the aqueous equi- 
molar solutions of the substances studied and of 
those of tlie standards utilized (method A). 
The results obtained were graphically and statis- 
tically evaluated. 

In our subsequent studies we have worked out 
a more predse method of testing surface and 
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slovakia. 
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> Paper XXIV: Arch, intern, phormacodynamte, in press. 
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infiltration anesthetic actiwt}’- (S) based on 
determination and the comparison of the m( 
concentrations of the compounds studied, wl 
have the same activity as tlie selected concern 
tions of the standards (method B). We li 
abandoned the study of conduction ancstln 
because this type has similarities witli infdtrat 
anesthesia and because the metliod used ' 
inaccurate. With the aid of tliis new inctl 
we have again studied the active substance; 
the series mentioned. The comparison of 
new values of the relative activities thus obtai 
with the values of the ph 3 'sicocheinical incasi 
ments alreadj’ determined constitute the sub, 
of this communication. In view of a be 
comprehension of the results given we arc | 
senting also the principles of the physicochein 
methods utilized, with references to our car 
papers which contain detailed descrijitions 
them. This paper also summarizes some of 
preceding results, which are presented in Tal 
1 to III and are discussed and compared v 
our new results. 

EXPERIMENTAL 

Relative Surface Tension Measurements (3 
The relative surface tension activitj- was c.xprc: 
by the relative values of the surface tensinii 
0.05 11/ aqueous solutions, buffered to pH 7.4. 
measurements were made with Trauhe’s stalagnr 
eter, the laboratory temperature being 18 to I 
The relative values were calculated according to 
formula 



where a = number of drops of ivater (with 
stalagmometer used, 31.89), .r = number of dr 
of the 0.05 il/ solution of the anesthetic, and r 
density 20/4 (pycnometer method) of this soliitioi 
Relative Displacement Adsorbability (4).-'< 
hundred milligrams (±0.2 mg.) of active chart 
(Ostakol, Spolek pro chemickou a hiitni vfro 
Bohurnin, Czechoslovakia) was shaken for an h 
with a mixture of the .aqueous solutions of 25 cc 
the anesthetic 0.04 .1/ and 25 cc. of methylene f- 
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Table I — Physicochejucal Properties of Inactive DiETH\LAmNOETHYLESTERS of Substitute 

Carbamic Acids 


Relative 


No 

Ri 

R- 

Surface Tension 

Non Buffered 

buffered pH 7 0 

Relative 

Displacement 

Adsorbabihty 

Limit Molar 
Coagulating 
Concentration 

Relati\ e 
Liposolu 
biht> 

pKa 

SIO 

H 

H 

1 013 

1 021 

3 56 

1 503 

0 28 

8 92 

SI 

CHs 

H 

1 009 

1 017 

3 08 

0 887 

0 28 

8 95 

S2 

CiHs 

H 

1 005 

1 007 

3 42 

0 887 

0 24 

8 94 

S21 

CHi 

CHj 

1 008 

1 003 

2 54 

1 

0 36 

S 92 

S19 

A’-CjHj 

H 

1 007 

0 998 

2 66 

0 4 

0 24 

(8 82) 

S3 

C,H, 

H 

0 997 

0 980 

5 24 

0 25 

0 96 

8 95 

S5 

(CH,).CH 

H 

0 998 

0 982 

4 24 

0 4 

0 96 

8 91 

S4 

CiH, 

H 

0 979 

0 939 

7 26 

0 094 

2 24 

8 93 

S7 

CH5CH2CH(CHs) 

H 

0 982 

0 956 

7 26 

0 122 

0 24 

8 95 

S8 

(CH,hC 

H 

I 004 

0 995 

3 94 

0 5 

0 2S 

S 93 

S22 

C2H5 

OHs 

0 978 

0 934 

4 62 

0 375 

0 6 

8 89 

S23 

— CHjCHjCH-CHjCHs— 

0 987 

0 956 

5 16 

0 225 

5 6 

8 87 

S24 

— CHjCH, 0 CHiCH,— 

1 006 

0 998 

3 26 

1 

0 4 

8 74 

S9 

CeHu 

H 

0 958 

0 889 

10 48 

0 075 

11 88 

8 97 


at 200 mg % After sedimentation the solution 
Has filtered on a desorbed filter JENA SGI, 30 
cc was taken out and in the rest of the solution the 
methylene blue was determined colonmetncally 
The relatii e values of the adsorbent poii er are 
expressed directly by the final concentrations of 
methylene blue found in the experiments 

Relative Liposolubility (S). — Twenty five cubic 
centimeters of the 0 01 M solution of the anesthetic, 
saturated with ether, was diluted with 50 cc of 
water saturated with ether Then were added 10 
cc of ether saturated with water and 25 cc of the 
phosphate buffer pH 7 4 saturated with ether 
The mixture was shaken for nmetj' minutes Five 
cubic centimeters of the ethereal layer was pipeted 
out, evaporated, and the residue was weighed after 
drying in a desiccator The final values indicate 
the quantities of substances extracted in 10 cc of 
ether and are expressed in percentage of the base 
weighed 

Ability to Coagulate Colloids (6). — The ability to 
coagulate colloids was studied bj determination of 
the limit molar concentrations of the anesthetics, 
coagulating the aqueous ethanol solution of Mastix, 
buffered at pH 7 0 

Basicit) (5). — The basicity was studied by deter 
mination of the dissociation constants pKa These 
were calculated from the pH of the aqeuous solutions 
of the anesthetics of known concentrations of 
dissociated and nondissociated base 

PHARMACOLOGY 

Determination of Local Anesthetic Activity. — 
Method A —The rclatixe actixities in surface 
anesthesia (rabbit’s cornea, cocaine 0 05 as 
standard), infiltration anesthesia (guinea pig, 
mtradormal application, procaine 0 05 1/ as stand- 
ard), and conduction ancsthesii (frog’s ischiatic 
nene, procaine 0 01 ilLas standard) wire calculated 
as quotients of the durations of the complete 
anesthesia after application of the equimolar 
solutions of the substances studied and standards 
utilized 

^felhod B — The rclatn c activ ities m surface 
uicsthcsia (rabbit’s coniea, cocaine 0 01 If as 
standard) and infiltration anesthesia (guinea pig, 
intradernial application, procaine 0 02 If as stand- 


ard) were calculated as quotients of the molar 
concentrations of the standards chosen and of the 
substances studied, having the same actixnty 

The detailed description as w ell as the evaluation 
of these two methods has been published elsewhere 
(7, 8) The final results presented in Tables I and 
II are taken m part from our earlier papers (2, 9) 
for purposes of comparison 

STATISTICS’ 

The statistical evaluation of the relations studied 
was made bj the calculation of Spearman’s cor- 
relation coefficients (10) 

The calculations were not made in the case of 
basicity because e\ en by direct comparison no 
relation between the pKa and the anesthetic 
activities w as found 


DISCUSSION AND SUMMARY 


The comparison of local anesthetic acti\ itv and 
five physicochemical properties (surface tension 
activitx , adsorbabilitv, liposolubility , abilitx to 
coagulate colloids, and basicity ) has been made m 
the series of 30 basic carbamates The results of 
these studies ha\ e been presented tubularly (Tables 
I and II), graphically (Figs 1 and 2), and statistic- 
ally (Table III) In the tabular presentation the 
inactixc substances were classified according to 
molecular weight and the active substances ac- 
cording to the place of substitution of the benzene 
nucleus of carbanihe acid In the graphic presenta- 
tion the active substances are arranged according 
to their activ ities 

The following relations between chemical struc- 
ture, anesthetic activ itv , and phy sicochcmical 
properties appear to exist 

1 The parallelism betw ecu the anesthetic activ ity 
and the phv sicochcmical properties studied I's 
apparent even iii direct comparison The phvsico 
chemical properties of the inactiv c aliphatic denv a- 
tives (Table I) differ clt.irlv from the properties of 
the active aromatic derixatncs, the latter mani- 
festing a surface tension activ itv , an adsorbabilitv , 
a liposolubilitv , and an abihtv to coagulate colloids 
distinctlv higher 
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In tlie case of tlie aromatic deriva- 
tives the relationships appear still 
more distinctly in the groups formed 
according to the position of substituent- 
in the benzene nucleus of carbanilr 
acid (Table II); in the homologoih 
series of the alkoxyl derivatives thc.\ 
approach the quantitative relations. 

It seems interesting to note that nith 
the formation of the groups accordinj 
to the substituents (position isomers I 
the relations studied arc p.artiilh 
decreased. This phenomenon mijM 
be associated with the supposition tint 
the position isomerj- influences rcli- 
lively little the processes of adsorption, 
the liposolubility, and the ability to 
coagulate colloids, and intervenes more 
noticeably in the other physicochemical 
properties, e. g., the stability of the 
carbamic group of carbanilic ,icid 
(metabolism), which depends upon the 
distribution of the electrostatic cliargc 
of the molecule varying nitn the 
position ol the substituent in the ben- 
zene nucleus. 

2. It is striking to note tlie parallel- 
ism of the determined values of surface 
tension activity, adsorbability, lipo- 
solubility, and the ability to coaguhtc 
colloids when compared among them 
selves. The relation between surface 
tension activity and adsorbability h 
easily explained, for it is a question 
of the same physicochemical process 
differing only in the nature of the 
phases. Also understood is the afTinity 
of these adsorb.abilities at the contact 
of two phases with the liposolubility, 
affinity already pointed out by Trauhe 
in the case of narcotics (11). 

The parallelism of the limit concen- 
trations coagulating the Mastiv 
colloidal solution seems to indicate that 
in the series studied this physico- 
chcmic.al property is close to the 
processes of adsorption and less de- 
pendent on the electrostatic charge of 
the molecule (pKa). Tliis fact concurs 
also with the relations found in the 
group of the narcotics (12). 

3. A relationship between ane^■ 
thetic activity and basicity was not 
found This probably results from the 
fact that the pKa of the .substance' 
studied differ only very little from 
each other and that they have rather 
high values; at pH 7.4 of the biolog ra 
substrate all the substances are de- 
sociated within 90-98% The influence 
which they exercise on the other 
physicochemical properties is -slis'd 
because of these very feeble dmir- 
enccs. 

4. The results obtainerl by un 
graphical representation correspr'^ 
to those found by use of the t-d>'' '' 
classification; the relationship' I" 
tween the anesthetic activity and u ’ 
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Table III. — Statistical Evaluation of the Relations Studied 
(Spearman’s Correlation Coefficient) 


Physicochemical 

Relative Activity Caicul 

from the Duration of the 
(Method A) 

Surface Infiltration Conduction 

ated — — • 

from the Equieffective 
Concentrations 
(Method B) 

Surface Infiltration 

Property • 

Anesthesia 

Anesthesia 

Anesthesia 

Anesthesia 

Anesthesia 

Surface tension 
activity 
(nonbuffered) 
solutions) 

0.745 ±0.057 

0 776 ±0.052 

0.601 ±0.083 

0.759 ±0 054 

0.798 ±0.047 

Surface tension 
activity (buffered 
solutions) 

0 852 ±0.035 

0 817 ± 0.043 

0 716 ± 0 063 

0.853 ±0 035 

0.869 ± 0 031 

Displacement 

adsorbability 

0.880 ±0 029 

0 879 ± 0 029 

0 742 ±0.058 

0 865 ±0.033 

0.892 ±0 026 

Distribution 

coefficient 

0.882 ±0.029 

0.878 ±0.030 

0 767 ±0.053 

0. SSI ±0.029 

0 914 ±0.021 

Ability to coagulate 
colloids 

0.905 ±0 023 

0 886 ± 0 028 

0.817 ±0.043 

0.912 ± 0 022 

0.913 ±0.021 



Fig. 1. — ^Relationship between the relative dis- 
placement adsorbability and the surface anesthetic 
activity (method B) 



Fig. 2. — ^Relationship between the relative dis- 
placement adsorbability and the infiltration anes- 
thetic activity (method B). 


physicochemical properties are distinct without 
being quantitative As an e\ample we present the 
graph of the relations between the surface anesthetic 
activity (method B) and the displacement adsorba- 
biUty(Figs land 2). 

5. Statistical evaluation showed a dearly positive 
relation between the anesthetic activity and the 
physicochemical properties, which follows from the 
high values of the correlation coefficients (Table 
HI). The distinctly lower values in the case of 
conduction anesthesia (method A) are probably due 
to the fact that the method utilized furnished 
results difficult to reproduce and rather dispersed. 

From the statistical results it seems also that the 
ability to coagulate colloids is an important property 
in the mechanism of local anesthetic action The 
increase of the correlation coefficients in the series 


is striking; surface tension activity (nonbuffered 
solutions) <surface tension activity (buffered 
solutions) <displacement adsorbability, which seems 
to concur with the progressively closer relationship 
between these model experiments and the process of 
adsorption taking place in the organism. 

In tabular and even in graphical comparison the 
conclusions obtained with the new method of testing 
(method B) differ very little from those deduced 
from the pharmacological results obtained with the 
earlier method of testing (method A) Only 
statistical evaluation showed the distinct difference. 
The correlation coefficients of the physicochemical 
properties with the relative activities obtained by 
the new method are, in general, higher. This 
results, probably, from the greater precision of the 
pharmacological method (see, on the other hand, the 
low values of correlation coefficients in the case of 
the inexact method of conduction anesthesia, 
already' mentioned). 

The theoretical results obtained have also found a 
practical use in the choice of the structures of new 
synthetized substances They made evident the 
advantage of alkoxylation which increases the 
liposolubility and the other physicochemical prop- 
erties studied and similarly' the local anesthetic 
activity This influence grows with the prolonga- 
tion of the carbon chain of alkoxyl The k ow- 
ledge of this fact, seen already in the studies of the 
methoxyl and cthoxy'l derivatives S 35 to S 40, 
led us to the synthesis of the butoxyl derivatives S 
44 to S 46 Only later these substances were 
included in the studies of physicochemical properties. 
In the framework of our following research the 
same reason led us to the profound study of the 
influence of alkoxylation, aralkoxylation, and 
arowlation in the scries of basic carbamates and 
anilides. In the course of these studies we hai'c 
been able to prepare several relatively active 
substances with a fairly low order of toxicity which 
were, in part, the subject of our previous publications 
(13-15). 
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The Design of a Continuous Recording In Vivo 
Method of Measuring Sensible Perspiration Over a 

Limited Area^ 


By WILLIAM J. O’MALLEYf and JOHN E. CHRISTIAN 

The objective of this study was to develop a continuous recording, />/ vivo method of 
iBMsuring sensible perspiration over a limited area. The study required the design 
and construction of a suitable electrical circuit and electrolytic cell containing a 
methanol-acetone-oxalic acid mixture which was sensitive to small amounts of water. 
The immediate desired Application was for the evaluation of antiperspirant prepara- 
tions. _The perspiration was collected by passing dry nitrogen gas through a skin 
cell which enclosed a small area of skin and delivered the moisture-laden gas to the 
electrolytic solution. Two such systems were combined through suitable electrical 
connections to compare, simultaneously and continuously, two adjacent areas of skin. 


' I ^he jlain objective of this study was to 
develop a continuous recording, in vivo 
method of measuring sensible perspiration over a 
limited area of the body The immediate de- 
sired application was for the evaluation of 
antiperspirant preparations, however, the 
method should also be applicable to the eval- 
uation of any drug which affects the rate of 
perspiration flow 

The electrical conductivitj" of mixed organic 
solvents has been used to measure water vapor 
(1-4) Such electrical conductivity measure- 
ments require the use of a d c Wheatstone 
bridge as the means of measuring the change in 
the resistance of the electrolytic cell as water is 
added (5-7) Bright platinum electrodes (8) 
are required in the presence of organic solvents 
sucli as methanol, acetone, and 1,4-dioxane to 
pre\ ent redox reactions at the electrodes Weak 
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School of Pharmacj , Lafa>ette, Ind 
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electrolytes have the advantage, over stront 
electrolytes, of being more soluble in the organic 
solvents (9). In addition, weak electrolytes arc 
not dissociated in the organic solvents and arc 
only slightly dissociated in water, ihcrcforc, 
concentration in these systems is not a critical 
factor (10) 

EXPERIMENTAL 

This study required the design and construction 1 1 
suitable circuits and electrolytic cells containniK a 
mcthanol-acetone-oxalic acid mixture uliicli e 
sensitive to small amounts of water The perspira 
tion was collected by passing dry nitrogen gar 
through a skin cell uhich enclosed tuo adjiccnt 
areas of skin and delivered the nioistiire-ladcn K" 
to the electrolytic solutions 

The initial experimental phase of this stud' m 
volved the design and development of the coiitinno'-’ 
recording instrumentation "Inch permitted 
measurement of small quantities of ".ilcr '■•[> 
(sensible perspiration) in gases I'o periint 
study of two adjacent areas, t"o separate 
"ere combined; one gaseous, to carry the 9''”'' 
from the skin to the electrolytic cell, and the at ^ 
electrical, to measure the moisture added to i- 
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* electrolytic cell The electrolytic solution was 
*•' sensitiie to very small (0 010 ml ) quantities of 
water The water thus collected was measured bj' 
noting the decrease in electrical resistance using a 
' d c Wheatstone bridge Since it was desirable to 
compare two adjacent areas contmuoush' and simul 
taneously, it was necessary' to have two electrolytic 
cells, two nitrogen supply' lines, and two bridge 
circuits The two bridges were connected to a 
single point recorder for continuous, simultaneous 
recording Figure 1 gives a schematic diagram of 
, the dual sy stem used in these studies 



Fig 1 — A schematic of the dual system A, dry 
r nitrogen gas, S, double stage regulator, C. low pres- 
sure regulator , D, Y-connection, E, constant tem- 
perature booth, F, skin cell, G, differential flow- 
meters, H, d -c Wheatstone bridges, J, timing 
mechan'sm and changeover circuit, K, single point 
recorder, R, electrolytic cells 

The Bridge. — A d c Wheatstone bridge was 
found satisfactory for measuring the decrease in 
resistance resulting from the addition of water to an 
electrolytic cell The voltage was supplied by' four, 
V/i volt drv cell batteries connected m series The 
batteries and the detectoi were interchanged (7) to 
enable a more rapid standardization of the bndge 
A variable resistor, in series with the batteries, was 
used to regulate the current flow and prevent over 
loading of the circuit as well as controlling the 
sensitivity of the bridge to water The known 
resistances were a L N AC-DC decade resistance bo\ 
(No 4754)' and a L-N slidewire box (No 4261) ’ 
A rubber stopper was found suitable to hold the 
electrodes and the gas inlet and outlet tubes 
The gas tubes were made from 4 mm i d Py rex 
glass tubing and the electrodes were constructed by' 
' sealing 24 gauge platinum wire into 4 mm i d 
f Pyrex glass tubing so that 5 cm of the wire extended 
out from the point of sealing A 3 cm portion 
extended inside the tube and was joined to the 
bridge through a mercury pool type contact The 
exposed 5 cm length was wound m a tight, flat cod 
of about 1 cm in diameter The optimum distance 
; betw een the electrodes was found to be 5 mm The 
gas inlet tube was placed equidistant from both 
electrodes with the orifice turned away' from the 
electrodes Since m this study it w as only necessary 
to determine the change m the resistance of the 
sob ent-electrolx te sy'stem, the cell constant was not 
I determined 

j A number of solvent-electrolvte systems, previ- 
ously reported, were studied using this bridge circuit 
and a L-N millivolt recorder (Speedoraax ty'pe G 
model S, 60000 Senes)' as tlic indicating device 
(1-4, 11-16) The systems were prepared in vary 
mg proportions and carefully tested for electrical 
response to 0 010 ml aliquots of water added 

‘ Leeds Northrup Co , Philadelphia Pa 


directly to the cell which was maintained at 21 0 ± 
01° m a water bath Each electrolyte was care 
fully dried prior to testing 

The Gaseous System. — High purity drv nitrogen 
gas- carried water vapor (perspiration) from a vapor 
cell or a skin cell to the electrolv tic cell and, at the 
same time, stirred the mixture All of the connee 
tions m the gaseous sv stem w ere of either Py rex glass 
or Tygon tubing ® Rubber w as av'oided since it has 
a tendency to absorb moisture The pressure was 
regulated by a double stage tank gauge and a low 
pressure “pancake” type diaphragm valve ' 

In the initial work only one bridge was standard- 
ized at a time, therefore, during the standardization 
procedure only one arm of the gaseous system was 
used In the complete dual system the gas pressure 
was adjusted in either arm of the gaseous system bv 
the stopcocks in the arms of the Y-connection 
Minor evaporation of the electrolytic solvents was 
noted but this did not affect the results 

A vapor and a skin cell were made to enclose a 
given volume of water or area of skin from methy'l 
methacrylate plastic ® The vapor cell contained a 
single groove 7 cm long, 0 5 cm wade, and 0 5 cm 
deep, with suitable inlet and outlet orifices The 
skin cell was of similar construction but consisted of 
two grooves which were intended to enclose two 
adjacent areas 1 cm apart A second plate was 
used to seal the skin cell when it w as not enclosing an 
area of skin In the vapor cell the second plate 
had a similar groove which represented the area of 
the skin covered The cells were made airtight by 
applying a thin layer of petrolatum to the contact 
surface of the bottom plate or by applying mild 
pressure to the cell resting on the surface of the body 
The Dual Electrical Circmt. — Figure 2 shows the 
dual electrical system used to study a treated and an 
untreated area of the skin simultaneously There 
are two d c Wheatstone bridges connected through 
a double pole, double throw (DPDT) relay® to the 
single point recorder The source of power m each 
bridge was four !'/-> v'olt dry' cell batteries The 
bridges differed only m that a second slidewire box 
was not av'ailable, so two decade resistance boxes 
were connected in parallel and serv'ed the same pur 
pose in the second bridge The bridges were wired 
with No 18 gauge, single strand wire (No 8945)' 
and the leads from the DPDT relay were shielded 
wire (No 8410)' because of the distance between 
the relav' and the recorder A DPDT relay was 
used as an inexpensive means of converting the 
single point recorder to a multipoint unit The 
activating circuit of the DPDT relay consisted of a 
45 volt dry cell batterv connected m senes with a 
moraentarv contact switch. Km The momentary 
contact sw itch w as activ ated by a cam dnve w Inch 
was connected to a small electrical motor through a 
pulley' dnve mechanism The cam had a speed of 
2 r p m and was cut m such a manner as to activ ate 
the DPDT relay for two thirds of its cycle This 
causes one bridge to record for one-third of the cy cle 
of the cam and the other bndge for two thirds of the 
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Table I — A Comparison of the A'olume of Water Collected from the Vapor Cell to That Indicmed 
BY A Change in the Resistance of the Electrolytic Cell 



Elect! 

olytic Cell Ri 

Microliters 



Electroly 

Uc Cell R'l 

Microhters 

' 

Timea 

mv S 

OVc 

CVJ 

Timea 

mv & 

OVs 

c\l 

60 

0 40 

30 0 

33 0 

30 

0 90 

30 0 

SfiO 

60 

0 39 

30 0 

32 0 

30 

0 44 

20 0 

10 0 

60 

0 64 

40 0 

43 0 

32 

0 93 

28 0 

41 0 

45 

0 39 

30 0 

32 0 

30 

0 77 

25 0 

34 0 

30 

0 32 

30 0 

28 0 

30 

0 59 

28 0 

2G0 

30 

0 30 

30 0 

25 0 

30 

0 91 

28 0 

40 0 

50 

0 52 

30 0 

4.3 0 

30 

0 62 

29 0 

27 0 

60 

0 52 

30 0 

42 0 

45 

0 78 

40 0 

34 (1 

45 

0 31 

35 0 

26 0 

30 

0 83 

30 0 

30 0 

30 

0 54 

30 0 

45 0 

30 

0 75 

28 0 

33 0 

30 

0 47 

25 0 

39 0 

30 

0.62 

22 0 

27 0 





30 

0 96 

28 0 

420 





34 

1 05 

30 0 

46 0 

2 


340 

388 



366 

444 

tR 


30 9 

35 3 



28 2 

34 2 



3 75 

7 30 



4 50 

7 70 


33 1 31 2 

2 51 2 47 


a Time in minutes 

f> Milli\olts response per unit time 

^ Obser^ ed \ alue the volume in pL as indicated by a change in resistance of the recorder 

d Calculated value the v olume in as determined by the loss in weight of the vapor cell, conv erted to volume 

n 

< Mean «ji *= S 

j = l « 

/ Standard deviation (« -* l)<r" =» S (Xj ~ pi)* 

n 

0 Difference of two means npp = 2 nj 

A Standard deviation of the difference of two means * o-**^*' 



Fig 2 — The dual Wheatstone bridge and change- 
o\ er circuit 


c\cle of tlie cam This also supplied a means of 
differentiating between the two bridges and the two 
areas of skin, on one recording 


RESULTS 

Electrolytes and Solvents. — Two electroljlt' 
were studied with different solvents, NaCl A K 
which was dried at 140° for twenty-four hours and 
oxalic acid A R , which was dried at 103° for 
four hours The different solvent systems tested 
with a saturated solution of NaCl were nietlniioj 
methanol benzene, methanol dioxane, and iiictiniio 
acetone The solvent systems used with oxah' 
acid were methanol, dioxane, methanol dioxine, in 
methanol-acetone In this case both the sohcnl 
and the electrolyte were varied extensiielj toobtn" 
the most reproducible results 

The most effective solvent electrolyte system "S' 
25 0 ml methanol (tech ), 5 0 ml acetone N ■ 
and 1 0 Gm oxalic acid It was also found tint t u 
oxalic acid in the methanol-acetone mixture w is n' 
a critical factor, therefore, the amount ' 

acid in solution could be varied by ±0 010 OW 
without appreciably' affecting the results 
advantage of oxalic acid was its complete sohi ii i 
in the organic solvents m the concentrations me 

StMdardization of the Electrolytic Cells 
cell bridge combination had its own special pml' 
ties which may not be identical with a similar co 
bination, therefore, the two cells, Ri and n i. "c 
studied separately and a calibration curve ^ 'l 
mined for each cell by adding 0 010 ml (1 1’’ 

quots of water from a 10 X pipct directly to the c 
trohtic cell Figure 3 shows the response can 
for each cell Seven determinations were usci 
calculate each point on the response 
and R't The average responses for Ri and R i " 

0 121 mv /O 010 ml and 0 225 inv /ml , rcspictw 
ov cr the range of 0 to 0 1.50 ml of HiO riicrc'i 
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Fig 3 — ^The relationship between the resist- 
ance change and 0 010 ml per aliquot of 
water 


for the variation in these values was that the two 
bridges must standardize at the same time and main- 
ly tain parallel baselines on the recorder for the two 
tests to be conducted simultaneously 
t tr Comparison of the Vapor Cell with an Electrolytic 
\C Cell. — To prove that the procedure developed in 

ii'' this study was an analytical method of measuring 

’'i" moisture in gases, it was necessary to develop a cell 
in which known weights of water could be placed and 
the loss of weight (water) determined as a stream of 
gas passed over the water Table I is a comparison 
jr' of the loss of weight of the ivatcr sample mth the 
amount of water absorbed by the electrolytic solu- 
jj tion, as indicated by the change m resistance of the 
bridge The temperature surrounding tlie vapor 
cel! was 49 0 ± 10° The weight of water was con- 
fer" verted to volume. 

K--' 

sw*'’ 

Jut'S' 

illt’ 

Ifc. \ 

<if 

Bit*'' 

CeV 


SUMMARY AND CONCLUSIONS 


1 A conductance method has been demon- 
strated for the measurement of water vapor in 
gases and is intended to be applied to the deter- 
mination of the rate of perspiration flow from 
treated and untreated areas of the body 

2. Several combinations of solvent-electrolyte 
systems were screened for use in this investiga- 
tion and methanol (tech,), 25 0 ml.; acetone 
N. F. 5.0 ml.; and oxalic acid A R., 1 0 Gm. 
was selected as providing the most reproducible 
results 

3 Using the principles of the method devel- 
oped, a dual system involving a dual bridge cir- 
cuit was constructed which, in combination with 
a specifically designed cell, allowed two areas or 
samples to be studied continuously and simul- 
taneously. 
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An Evaluation of the Ability of Antiperspirant 
Compounds to Reduce Perspiration Flow* 

By WILLIAM J. O’MALLEYf and JOHN E. CHRISTIAN 


The objective of this study was to apply a previously developed electro-conducti\ity 
method of measuring moisture in gases and vapors to the determination of the ability 
of an antiperspirant compound to reduce perspiration flow. A skin cell was de- 
veloped which enclosed two adjacent areas of skin. The optimum site of application 
of the skin cell was the forearm and the optimum environmental temperature of the 
subject was 35 °. Three types of commercial bases were studied to determine their 
effect on the perspiration flow. Then six different commercial products and one 
compound not commercially available were compared to 24 per cent Al:(SO03-18 
H2O solution to show their effectiveness at reducing perspiration flow. 


A N ELECTRO-CONDUCTIVITY method previouslv 
developed for measuring moisture in gases 
and vapors (1) was applied to the measure- 
ment of the effectiveness of several antiper- 
spirant compounds to reduce sensible perspir- 
ation flow from a restricted area of the body. 

Most of the previous methods used did not 
require a precise knowledge of the temperatures 
producing insensible perspiration, sensible per- 
spiration, and profuse local perspiration, since 
they were in vitro methods. These methods can 
be divided between those which precipitate pro- 
teins (2, 3, 4) and those which adsorb water on an 
insoluble material (5-8). There were only two 
methods which simulated air currents, Palmes 
(9) used infrared analysis, and Hill and Hargood- 
Ash (10) measured the thermal conductivity of 
water vapor. In both of these cases a gas was 
passed over an enclosed area of the skin. 

Using the electro-conductivity method it was 
necessar)' to determine the optimum tempera- 
ature at which sensible perspiration was elim- 
inated through the subject’s sweat glands and 
ducts (11) but at which profuse local perspiring 
does not occur, and an optimum site of appli- 
cation of a skin cell. 

A temperature of 35° was selected since it was 
sufficiently below the temperature necessary to 
stimulate profuse local sweating in those areas 
containing apocrine glands (12). The rate of 
profuse local sweating was such that it exceeded 
the ability of the gaseous system to evaporate 
the perspired water. The forearm was selected 
as the site of application of the skin cell since it 
was easily accessible in both men and women. 

-■\.fter having determined the optimum temper- 
ature and site of application of the skin cell, it 
was necessary to show that the amount of water 
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collected from two adjacent areas at the same 
time was equal. Then three types of bases were 
studied to prove that the commercial bases did 
not affect the antiperspirant activity of the com- 
pounds, and fmall}% six different commerdal 
products and one compound not commercially 
available were compared with 24 per cent w/ff 
A 1 j(S 04 ) 3 T 8 H 2 O solution. 

EXPERIMENTAL 

Apparatus. — The preparation of the electroljt'.' 
cells and the apparatus was previously described (1) 

Preparation of the Chemical Standard. — It 
advisable to select a standard of comparison wlddi 
would be easily obtainable, one which had been used 
before (5), and one which could be used at a lalci 
dato with confidence that tliere were no hidden ele- 
ments to affect the results. For these reason! 
AkfSOjjj ■ 18 H.O was used in the form of a 24% "7'’ 
solution. The aluminum sulfate (24.0 Gm.) "S' 
dissolved in 75.8 Gm. of distilled water and 0.2 Grn 
of Tween 20 to make 100 Gm. of a 24% w/sv solution 

Preparation of Treated Areas of the Forearm.-- 
The forearm was divided into a front and a bnct 
area. Each of these areas was then divided intf 
two parts longitudinally, and the sep.'irate areas "to-' 
marked off with a solution of silver nitrate. To tw 
left side, in each case, was applied 0.07 ml. of ahiiiii- 
iiuiu sulfate solution. The other side went an 
treated or was treated with 90 mg. of cream or she . 
or 0 07 ml. of lotion. The bases and the finisliol 
products (creams, sticks, and lotions) were 
sentative commercial products. The solution e 
aluminum sulfate, the commercial bases and pw. 
nets, and the research compound were applied oiirt 
each day for the duration of the test. The are.i 
wert; washed each morning with a mild facial so.ip 

RESULTS 

The Determination of Sites of Application.^^ 
Tlicte are three types of stimuli which cause 'j 
ing in man; thermal, mental, and a combination '> 
thermal and mental. Thc.se three types of stunuj 
produce perspiration at different arca.s on the >' . • 
and since the factors which affect mental Pct5P'^ j‘ 
arc So varied from one individual to another, ^ 
arc,as of mental perspiring should be avoided '■ 
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testing antiperspirants. even though some of these 
areas are common points of antiperspiraiit applica- 
tion (axillae) A broad surface which was easily 
accessible to botli men and women was the forearm. 

The Determination of the External Temperature. 
It was found the results were very erratic if only a 
portion of the body was submitted to a higher tem- 
perature, therefore, a special constant temperature 
booth was constructed for use during the experiment 
Experiments were run at 25, 35, 40, and 45° ± 1“ 
The data obtained at 35° are shown in Table I The 
ratio is of the left area to the right area under the 
skin ceil, and the test time was fifteen minutes 


Table I — A Comparison of Perspiration Flow 
FROM Limited Adjacent Areas of Skin at 35° 


... 

Lefto 

Right* 

Ratio ^ 


8 0 

11 0 

0 73 


12 0 

10 0 

1 24 


17 0 

16 0 

1 09 


14 0 

15 0 

0 93 


11 0 

11 0 

1 00 


8 0 

8 0 

1 00 


16 0 

16 0 

1 00 


14 0 

16 0 

0 ,88 


15 0 

13 0 

1 15 


17 0 

15 0 

1 13 


6 0 

7 0 

0 91 


12 0 

13 0 

0 94 


U 0 

12 0 

0 93 

V 

161 0 

163 0 

12 930 

/ 

12 38 

12 53 

0 994 

a" 

3 73 

2 92 

0 2135 


^ « The number of pL of water collected in fifteen minutes 

^ Ratio of left to right 
« 

' Mean S Xj, where ii « 13 

3 = 1 

II 

I* Standard deviation* lit — \)a^ = X (A'j — ju)" 

3 = 1 


At 35° the atmosphere was sufficiently warm to 
induce a uniform flow of sensible perspiration from 
adjacent areas of the body (ratio = 0 994) Above 
' this temperature the severe heat produced such un- 
_ wanted effects as emotional unrest and excessive 
^ perspiration flow which the gas was not able to carry 
away, while below this temperature the amount of 
perspiration released was not enough to indicate re- 
producible results from adjacent areas 
The Comparison of Normal Skin with 24% w/w 
Alj(SOt)3*l8 H«0 Solution. — Table II shows the 
inicroliters of water collected from two adjacent 
areas of the forearm and indicates the ratio of water 
collected from normal and aluminum sulfate-treated 
’ skin. Tlie average value of the ratio of normal skin 
to aluminum sulfate-treated skin indicates that 1 94 
times as much water was lost from normal skin as 
from aluniiinim sulfate-treated skin 
The Evaluation of Antiperspirant Bases. — Three 
j bpes of commercial bases and normal skin were 
I compared with 247c "'/w AlsfSOilv 18 H;0 solution 
Tabic 111 indicates tliat approximately the same 
amount of water was collected from normal skin as 
" obtained from normal skin treated with a stick 
base, a cream base, and a lotion base The results 
also indicate that the ratio between normal skin 
and aluuiinuni siilfate-trcatcd skin was similar to the 
ratio between tlic areas treated witli tlie three bases 


Table II. — A Comparison of the Amounts of 
Water Collected from a Limited Area of 
Normal and 24% w/w Aluminum Sulfate- 
Treated Skin 



Normal 

Aluminum 

SuUate 

Ratioa 


11 5 

6 7 

1 72 


8 3 

5.9 

1 41 


15 6 

10 1 

1 54 


6 6 

4 2 

1 57 


11 5 

4 2 

2 74 


9 3 

5.0 

1 86 


12 5 

5.0 

2 25 


11 1 

5.9 

1 88 


16 0 

7 6 

2 11 


9 7 

4 2 

2 31 

S 

112 1 

58 8 

19 39 

ft 

11 21 

5 88 

1 939 

a 

2 56 

1 87 

0 413 


* The ratio of the volume of -water collected in fifteen 
minates from normai skin to aluminum sulfate treated skin 
tn mteruhters 


Table 111 —A Comparison of the Amount of 
Water Collected from a Limited Area of Skin 
Treated With Antiperspirant Bases 


Microhters HsOa 


Normal Skin 
or Base 

Normal or 
Base 

Aluminum 

Sulfate 

Ratio 

Normal 

13 0 

S 0 

1 625 

Stick 

13 3 

8 3 

1 602 

Cream 

12 0 

8 0 

1 500 

Lotion 

12 0 

7 5 

1 600 


o Each value represents the mean of three experiments on 
the same limited area 

^ The ratio of the means of normal skin or areas treated 
ivith the three bases to adjacent alummum sulfate treated 
areas 


and aluminum sulfate One test was run once a day 
for tiiree days on each area, an area being a treated 
or a controlled portion of skin adjacent to each other 

Constant Values. — It was noted that as each of 
the products was applied on successive days, the 
variation in the amount of water perspired tended to 
decrease, and that after a certain length of time 
(four to six days for the products, three to four days 
for aluminum sulfate) a fairly constant volume and 
ratio were obtained (sec Table It') Variations in 
the total volume changed with the temperature and 
humidity, but the ratio remained fairly constant. 

Commercial Antiperspirant Products.— -Six com- 
mercial and one research product w'cre compared 


Table IV — A Comparison or the Perspiration- 
Reducing pROpcRTiFS or Aluminum Sulfamatc 
Cream With 24% w/w- Aluminum Sulfate 
Solution Over a Limited Area or Skin 


•Microlitcr of HsO. nh < 


Days 

Aluminum 

Sulfamate 

Aluminum 

Sulfate 

Ratio 6 

1 

6.1 

4 6 

1 34 

2 

5 9 

4 2 

1 41 

3 

7.3 

5 0 

1 45 

2 

19 3 

13 8 

8.40 

M 

6 42 

4 60 

1.400 

cr 

0.682 

0 438 

0.101 


<1 Each value represents the mean amount of water coMected 
from the same area twice daily, a constant volume of water 
was coUected after four davs 

The ratio of the means of aluminum sulfamale- to 
aluminum sulfate treated skin 
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Table — A Comparison of the Amount of 

Sensible Perspiration Collected from Limited 
Skin Areas Treated W^ith Antiperspirant 
Preparations and 24% w/w Al2(S0j)3'18H20 
Solution 


Antiperspirant 

Preparations ' 

Mean 

Responseo 

Preparations ^iL. 

AIiCSOOj-- 

ISHjO 

Soln. Mean 
Response" 
/iL.b 

Mean 

Ratio 

A' 

S.4 

5.9 

1.52'' 

B 

8.8 

5.3 

1.68 

C 

9.2 

4.9 

2 09 


0.6 

4.6 

1 21 

E 

6.7 

4 9 

1 40 

F 

7.4 

4.9 

1.52 

G 

6.4 

4.6 

1.40 


<1 A mean of ten determinations on five consecutive day*; 
were used to calculate the mean response of each antiper- 
spirant preparation tested 

The microliters of water collected in fifteen minutes were 
calculated using the standard curves for electrolytic cells 
and R'l. 

c Active ingredients* A, aluminum hydroxide gel; B, 
aluminum chloride and formaldehyde, C, aluminum chloro- 
hydroxide complex, aluminum chloride, and formaldehyde, 
D, aluminum methionate, E, sodium aluminum lactate and 
hexachlofophene; F, aluminum clilorohydrates; G. alumi- 
num sulfamate. 

This ratio indicates that 1.52 times as much sensible 
perspiration was collected from the skin areas treated with 
antiperspirant preparation A as that from the aluminum 
sulfate-treated area. 

« A preparation prepared by J. E Kaberle, M.S. thesis, 
Purdue University, Lafayette, Ind . June, 1958. 


ivitli the aluminum sulfate solution. Tiie anti- 
perspirants were applied to the clioscii areas until 
constant volumes were obtained, and then the experi- 
ment was continued for anotlier three days. Tabic 
I\'' is an c.xample of the type of data obtained. 
The active ingredient was aluminum sulfamate in a 
cream base. 

Table V shows tlie mean volumes of water col- 
lected when the six commercial products and the one 
research product (aluminum metliionate) were com- 
pared witli 24% w/w aluminum sidfatc solution. 
The volume ratio indicates the ability of the anti- 


perspirant to reduce perspiration flow as comparci! 
with 24% w/w aluminum sulfate solution, Tlio 
results indicate tliat tlie research compound, alumi- 
num methionate. was tlie most efiectivc of the prod- 
ucts studied to reduce sensible perspiration flow. 


SUMMARY AND CONCLUSION’S 

1. A continuous recording i« vivo method of 
measuring sensible perspiration was u.sed to 
evaluate the relative perspiration properties of 
six commercial and one research antiper.s[)irant 
preparation in comparison with 24% w/w A!;- 
(SOi) 3 'lS H;0 solution. The results indicated 
that aluminum methionate was the most effective 
agent for reducing perspiration flow from the 
treated area. 

2. The method was also used to evaluate 
three different types of antiperspirant bases; 
the stick, the cream, and the lotion. The 
results when compared with normal skin indi- 
cated that the bases had no elTccl on the anti- 
perspirant action of the preparations. 
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Determination of Vitamin A: Errata* 


Sir: 

In the paper titled “A Simplified Procedure for 
the Determination of Vitamin A” (1), the first 
footnote carried under Table I is incorrect. This 
should read as follows: 


= C Sl-j (Am) - 2..j'j-j(Ar?) - -< eWCA::,) 

Ati-rifr'. “ Af?4 


Furthermore, in all Tables, F(,MS) slionhl 
read /(.MS). 

(I) Naimli, J. A., Scnkr.wski, II. Z.. and Molcli.itir, .\ I • 
Tms JouH.s'Ai,, 48, 61 1 (lU-'/.i). 

E. G. E. SlIAFER 
Hoffinann-La Roche, Ir.c 
Niitlcy, Nev.- Icrsey 


Reccivcfl Mrirch -I, I'MlO 
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A Note on Esters of /S-Phenyl-a-benzyloximinopropionic Acid* 

By LOUIS GASSt and JOHN W. MARTIN, Jr. 


Selected esters were prepared for the purpose 
of studying the debenzylation reactions when 
the alcohol portion of the esters was modi- 
fied. A method is given to obtain esters of 
oximino acids. Except for phenolic deriva- 
tives, the esters were fairly easily prepared 
from the alcohol and the acid chloride. 

[ N A REPORTED Synthesis of amides of a-amino 
acids (1) the a-benzyloximino acid is the key 
iitermediate. In the present investigation esters 
if a-benzyloximino acid have been synthesized (V). 
"hese are intermediates necessary in the study of 
he hydiogenolysis and reduction reactions leading 
o esters of a-amino acids (VII). The entire se- 
luence of reactions is shown below. Compounds of 
jpe VI and VII are not reported in this paper 
The esters thus prepared represent different 
ategories which can be studied chemically and phar- 
nacologically. From preliminary experiments with 
he debenzylation reaction (V to VI) it appears that 
he rate of debenzylation is greatly influenced by 
he tj'pe of derivative. 

Compound I, a substituted malonic ester, was 
prepared by a standard procedure (2). The nitro- 
ation of I was done according to the method of 
Vaters and Hartung (3), with a slight modification 
King isopropyl nitrite rather than the butyl ni- 
rite. Compound II was obtained in good yields, 
ifforts to prepare the acid chloride directly proved 
insuccessful (4) so compounds III and IV were pre- 
)ared by methods reported by Hartung and co- 
vorkers (1-5). Compound V. heretofore not pre- 
lared by this route, involved the reaction of the 
icid chloride directly with the alcohol in absolute 
:ther. 


EXPERIMENTAL 

All melting points reported were obtained by use 
of a Fishet-Johns melting point apparatus. 

Amyl fl-Phenyl-a-benzyloximinopropionate. — 
Four and four-tenths grams (0.05 Jf) of freshly dis- 
tilled amyl alcohol was placed in a three-necked 
round-bottom flask to which was added 60 ml. of 
dry ether. The flask was placed in an ice bath 
and, with mechanical stirring, an equimolar portion 
of a benzene solution of the acid chloride was 
dropped in slowly. After the complete addition of 
the acid chloride stirring was continued for ten 
minutes. The yellow solution was washed with 
100 ml. of a saturated solution of sodium bicarbon- 
ate and then dried over calcium chloride for forty- 
eight hours. After removal of the ether under 
vacuum there remained 16.9 Gm. (quantitative) of 
a yellow viscous oil. Upon attempted vacuum dis- 
tillation the product decomposed. 

Anal. — Calcd. for CnH-sNOj- N, 4.13; sapon. 
equiv., 339. Found: N, 3,95, 3.91; sapon. equiv., 
338.2, 339.6 

Benzyl fl-Phenyl-a-benzyloximinopropionate. — 
Ten and eight-tenths grams (O.lil/) of freshly dis- 
tilled benzyl alcohol was dissolved in 50 ml. of dry 
ether in a small beaker cooled in an ice bath. To 
this was added slowly, with rapid stirring, a benzene 
solution of an equimolai amount of acid chloride, 
prepared from ff-phenyl-a-benzyloxitnino propionic 
acid. After standing for about ten minutes in the 
ice bath the etlier was removed and the remaining 
solid was recrystallized twice from alcohol witii the 
addition of Nuchar. After cooling, the crystals 
were collected. After drying iti vacuo over PjOs 
the product weighed 31.5 Gm. (87.7%), m, p 79-80°. 


COOC-Hi 

l)RONO 

COOH 

1 

NaOCjH, 

1 

iCH 

1 

^ 

2)HCt 

C6H5CH;C==N0H 

COOC-Hs 

I 


II 


DCjHsCHjCl 

NaOC-Hs 


2)HC1 


COOH 

CcHsCH=C=NO— CH.CtHs 
III 


PCU COCl 

SOCl: I -f ROH 

> C8HsCH-C=XO— CH-CeHi » 

IV 


COOR 

C«HsCH.C=NO— CHjCtHs 
1 ' 


Pd 

H. 


COOR 

! 

C6H5CH.C==K0H 

VI 


COOR 


CcHsCH;CH— XH; 
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* Ucceivci! April 13, 1950, from Butler Univer<;jt5', College 
rhnrnjacy, Indianapolis 7, Ind 

Abstracted from a thesis submitted as partial fulfillment 
the requirement for the degree of Master of Science, Butler 
Umversity, College of Pharmacy, Indianapolis. Ind 
Presented to the Scientific Section. A Pit A , Detroit 
"'acting, April 19:>G 

t Present address: Whitchal Laboratories. Hammon- 
J. 


.4nfl/.— Calcd. for CsiHuXOj: X 3.90; sapon. 
equiv., 359. Found; X, .3,78, 3.72; sapon. equiv 
361,358.1,3,58.8. 

Cyclohexyl /3-PhenyI-a-benzyIo.timinopropionafe. 

—Essentially the same procedure was used as for 
the amyl derivative. From 5 Gm. (O.Ood/) of 
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c\ clohe\anol and an equimolar quantity of the acid 
cldonde, 15 5 Gni (SS/J) of liquid nas obtained 
The boding point by the semimicro method nas 
1 89 ° , w It h d ecomposit ion 

Anal — Calcd for C.nHjjXOj; X 3 99, sapon 
equi\ , 351 Found X, 3 89, 3 83, sapon equiv , 
350 7, 351 3 

Naphthyl d-Phenyl-a-benzyloximinopropionate. — 
Essentially the same procedure uas used as for the 
ann-1 ester From 7 2 Gra (0 051/) of purified 
or-naphthol and an equimolar amount of the acid 
chloride, 16 5 Gm (83 5%) of a viscous oil was 
collected Xaphtlia « as used as the soh ent The 
oil decomposed upon attempted distillation 

Anal — Calcd for C-oHuXOi X, 3 54, sapon 
equiv 395 Found X^, 3 36, 3 25 sapon eqiiiv , 
389 8, 399 6, 389 6 

Furfuryl ^-Phenyl-a-benzyloximinopropionate. — 
Xine and eight-tenths grams (0 Id/) of freshly dis- 
tilled furfuryl alcohol uas placed in a beaker cooled 
in an ice bath Sixty milliliters of anhydrous ether 
and 7 9 Gm (0 01 d/) of freshly distilled pj'ridine 
Mere added and then, with rapid stirring, an equi- 
molar portion of a benzene solution of the acid 
chloride There was an immediate bubbling and 
the solution turned black This mixture was al- 
lowed to stand in the ice bath for fifteen minutes 


and then was washed several times with w.atir 
remove the pyridine hydrochloride. After ci apor 
tion of the ether and long standing the niwti. 
crystallized. The large crystals were purified 1 
recrystalhzation from alcohol and water dfii 
drying in vacuo over PjOj the product wcir’-t 
21 5 Gm (61 6%), m p 38-39° 

Anal — Calcd for C^iHuNOj: X 4 01, <cip.v 
equiv, 349 Found- N, 3 85, 3 90, 3 81, sip.' 
equiv , 347 5, 347 6 


SUMMARY 

Five selected esters of j3-phcnyl-a-bcnz\Io\iinm 
propionic acid have been prcpaied and clnncti 
ized 
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A Note on the Synthesis of C-l4 Carboxyl Salicylic Acid by the 
Halogen-Metal Interconversion Reaction* 

By WILLIAM F. BOUSQUET and JOHN E. CHRISTIAN 


I N ORDER TO CARRY OUT a stud\ of the Central 
ntrxous sjstem distribution and metabolism of 
C-14 carbonxl salicilamide in the rat (1), it was 
nccessarx to prepare C-14 carboxvl labeled salicxlic 
acid for use m s\ nthcsizmg the amide 

The preparation of C-14 carboxi 1 salicvlic acid 
has been described in the literature bv a number of 
authors Mandel and Smith (2), Scliaycr (3), and 
Borst and Cliristinn (4) have described the syiiflicsis 
of this labeled compound by the Kolbe-Schinitt reac- 
tion Medeiiwald and Haberlaiid (5) liax-e rccentl> 
described a sintbesis of carboxxl labeled sahcilic 
acid by the Grignard reaction 

The method of sintbesis chosen was the Iialogcn- 



L 


Fig 1 — Gaseous carbonntioii app ire'll*!*' 


OCH, 



— OCHi 
— C’OOLi 


Butillithium — OCHj 



C"0. 
5 mm 


(Et=0) 

-35 to -50° 


HI 


120 ° 


jj— C'OOII 


iiittal iiitcrcini ers on reaction on p-bronio.i iis-i'c 
followed b. carbonation of the lithijin snlt in i inn 
with CO- The C-14 carboxi I o-metho\i benzoic 
acid so prepared was then treated with HI t» liberate 
salicxlic acid 

• Rcccii^rd August 21, 195'), from thr Bionucle'.nic- 
Department Purdue Uniiersu> Lafaiette fnil 


The primarv adiaiitages of this method in *' 
s.nthesisof C-14 carboxi I s.ilicihc acid are thil ' j 
not iiecessari to work with C"Or under hi it 
press-ire, and speciricit i of labeling is 'ill " ' , 
Fm-tbermore, C-I 1 carboxi I p-lii droxi benzoic 
is not a hi -product in the re.ittion as is the e is ' 
the Ko’be Schmitt procedure 
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f.. The synthesis was sealed to give a theoretical yield 
1';. of 1.0 dm. (0.00725 M) of salicylic acid. The ap- 
paratus used in the carbonation, similar to that of 
Dauben, cl al. (G), and Rockerbie (7). is shown in 
I;. Fig. 1. Seven runs were made without radioactivity 
.h: in order to perfect the synthesis. Four additional 
runs were made using small quantities (e. g., 100-200 
( fic.) of radioactivity. Yields of purified salicylic 
acid ranged from 6 to 43% of the theoretical. The 
procedure described below is that followed in the 
final run with 25 me. of C-14 activity. 

PROCEDURE 

cr 

... The B-butyllithium was prepared by the procedure 
of Gilman, ct al. (8), and assayed before use by the 
method of Gilman and Haubein (9). .\1I glassware 

used in the synthesis was cleaned with chromic acid- 
sulfuric acid cleaning solution, rinsed with distilled 
. water, oven-baked, and flushed with dry nitrogen 
immediately before use. 

'f.- A measured amount of the n-butyllithium solution 
in ether corresponding to 20 mM was transferred to 
■ ‘ reaction flask (A ) while the system was being flushed 
r.! with dry nitrogen. The nitrogen was turned off, 

_ . stopcock (D) closed, and addition funnel (B) con- 
taining 1.95 Gm. (1.3 ml., 10 mM) of a-bromo- 
anisole in 5 ml. of anhydrous ether set in place. A 
Dewar flask containing acetone-dry ice was placed 
under the reaction flask. The o-bromoanisole was 
rapidly added to the butyllithium solution and the 
I u reaction allowed to proceed with gentle stirring for 
‘ . fifteen minutes. The sitrrer was shut off and the 
^ acetone-dry ice bath replaced with one of liquid 
nitrogen. The contents of the reaction flask were 
frozen solid and the system evacuated to about 3 
mm. The acctone-drj' ice bath was again set in 
...^ place. When the pressure in the system remained 
constant at from 5 to 8 mm. the stirrer was set at 
high speed and concentrated sulfuric acid added 
from addition funnel (£) to the BaC'^Oa in generator 
flask (F). 

The magnetic stirrer in the generator flask was set 
in motion and stirring continued until gas evolution 
appeared complete. After an initial rise, the pres- 
sure in the system fell rapidly as the carbon dioxide 
‘ was taken up in the reaction mixture. Stirring was 
continued until the pressure remained constant. 
The contents of the reaction flask were alternately 
frozen solid and thawed twice to insure maximum 
uptake of C'*0;. 

The male stopper in addition funnel (B) was re- 
placed with a T/S 24/40 connecting tube, and a 12- 
inch length of rubber tubing used to connect this to 
a barium hydroxide absorption train. The system 
was then opened to allow nitrogen to enter and 
bring the system to atmospheric pressure. Stop- 
cock (C) was opened and nitrogen flushed through 
the system into the absorption train to allow collec- 
,. (ion of unreacted C”02. Flushing was continued 
i for twenty-five minutes. The nitrogen was then 
j shut off, the system closed, and the absorption train 
removed. 

ti-' Ten milliliters of a 20% solution of hydrochloric 
.rl', acid was placed in addition funnel (B) and added, 
with rapid stirring, to the reaction mixture. The 
i contents of flask (.-1) were then transferred to a 125- 
I't' ml. separatory funnel. The flask was washed with 
two lO-ml. portions of ether and distilled water, and 


the washings added to the separatory funnel. The 
aqueous layer was drawn off and set aside. The 
ether layer was extracted with three 5-ml. portions 
of 10% sodium hydroxide solution. The aqueous 
layer was extracted with three 5-ml. portions of 
ether, and this was extracted with two£-ral. portions 
of 10% sodium hydroxide. The sodium hydroxide 
extracts were pooled, set in an ice bath, and con- 
centrated hydrochloric acid added dropwise to pre- 
cipitate C-14 carboxyl o-methoxybenzoic acid. The 
acid was collected by suction filtration and oven 
dried at 00°. 

The dried crystals obtained above were transferred 
to a 50-ml. round-bottom flask to which was added 
5 ml. of 47% hydriodic acid (sp. gr. 1.50). The 
flask was fitted with a reflux condenser, set in an 
oil bath, and the temperature raised and maintained 
at 120-125° for thirty minutes. Upon cooling, 
long w'hite needles of C-14 carboxyl salicylic acid 
precipitated. The mixture was allowed to stand 
overnight and the salicylic acid then removed by 
suction filtration. The crystals were dried at 110° 
and allowed to stand exposed to air for forty-eight 
hours to remove any adsorbed iodine. 

Pure salicylic acid recovered amounted to 67.0 
mg. with a specific activity of 5.59 X 10’ dpm/mg. 
An additional 13.0 mg. of material was recovered, 
having a specific activity of 3.52 X 10’ dpm/mg. 
The chemical yield of purified C-14 carboxyl sali- 
cylic acid was 6.7%. Radiochemical yield' was 
8.2%. -A melting point was not taken on this ma- 
terial due to its high activity. However, melting 
points were determined on the salicylic acid prepared 
in the dry runs and these were in agreement with 
published values for salicylic acid. 

Chemical and radiochemical purities of the labeled 
compound were determined using a combination of 
paper chromatography and autoradiography. 
Chromatograms were prepared using the ascending 
technique with a solvent system of benzene (glacial 
acetic acid:watcr (4.4:2). Whatman Ko. 1 paper 
was used. Color development was attained by 
spraying with ferric nitrate solution. The R/ 
value of the synthesized compound was found to 
be identical with that for reference salicylic acid. 

Preparation of an autoradiogram from the chrom- 
atogram using Eastman-Kodak "Xo-Screen" X-ray 
film showed the presence of but one spot correspond- 
ing to the synthesized materia). Xo radiochemical 
contaminants were present. 
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' The specific activity of the synthesized material was 
determined by dissolving 0 5065 mg., accurately weighed, in 
50 ml of toluene containing 50 mg. of carrier salicylic acid. 
The activity of 100 A aliquots of this solution was determined 
using the Tri-Carb liquid scintillation spectrometer. Correc- 
tion for counter efficiency was made using a National Bureau 
of Standards C-14 carboxyl benzoic acid beta rav standard 


A Note on Improvement of Separations in Paper 
Partition Chromatography‘s 

B> JERE E GOYAN 


F or maw \ears it has, been recognized that the three component s\ stems arc used When ^ 
separation of t\io substances b\ multiple frac changes are made in phase concentrations d clui 
tional extraction is greatest ulien the volu me rat io \er\ little, since both values of a change m tlicv 

of the two sohents ( W/Vi) is equal to \/l/a, a«, ditection Thus it becomes possible to cliuigi 

11 here ai and Of. are the partition coefficients for the considerabh while ha\ing onl\ second ir\ ifii 

two components being separated (ai = mg 1 per /3 

cc of x/mg Ipercc ofj)(l) The same principles These principles maj be illustrated b\ some c\p 
are iinohed in paper chromatograpln , which max uiental data on the amino acids, gl\ cine and dm 

be approximated as a series of extractions, and it Block, clal (4), give data for these two iinnio ii 

might be expected that a similar ratio would be im two difTereiit butanol acetic acid water si Me 

portant in partition chromatograpln In the course these data contributing the first two rows of Talil 
of a project on the separation of barbiturate isomers 

such a relationship was found Table I — Rf \ ai ues oi Glxcinc and Alamm 

The operational definition oi Rf max be stated as Butaxol Acetic Acid Water Mixtlris 

Rf = 4 tr + ft 4 s) (E(i 1) 

(2) where A ir is the cross sectional area of the mobile 
phase, As IS the cross sectional area of the station 
arx phase, and a is the partition coeffcient for the 
component between the mobile and stationarx phase 
Solx mg Eq 1 for a one obtains 


Acetic Acitf \ A 

Glycine 

Ahnine 


5" 

0 03 

0 Ox 

1 <1 

in 0" 

0 05 

0 00 

1 7 

12 5 

0 25 

0 33 

I 3 

13 0 

0 33 

0 44 

1 0 


o Data from Block fl al (4) 



then defining 0 = ai/aj 

d = /?/.(! - Rn)/Rfx{\ - R, ) (Eq i) 

The most desirable separation for two components 
is when R/ — R/i is a maxmium Solx'ing Eq 3 
for R/i .and subtracting R/i from both sides of the 
equation, one obtains 

X s - Rf, = 0R/,/(l - Rf, + 0Rf,) - Rf, 

(Eq 4) 

Then setting the first denxatixe of j with respect 
to Rf, equal to zero and solx mg for R/, the following 
equation is found 

R/i = 1/(1 + Vb) (Eq 5) 

Rewriting Eq 1 m tenns of x olumes gixcs (3) 

R/i = + aKs) (Eq 6) 

Then equating 5 and 0 .iiid solx iiig one obtains 

I's^Eu = "v/l/aja" (Eq 7) 

which IS the usu.il equation for maximizing separa- 
tion m multiple fr.ictional extraction procedures 
This shows the correl ition which is to be expected 
if paper partition chromatographx can be approxi 
mated as a multiple extraction process 

Unfortunatclx , adjustment of the x olumes of the 
stationarx and mobile phases is difficult It is pos 
sible to trx stxcral different papers and to choose the 
one gixing the best separation There is. howexer, 
another method of adjustment of R/, m cases where 

" Recto sd FeXruari 1', ISrO from the Ci llc„e < f I’li ir 
raacx Unoersitx of Michisan Ann Arb< r 

This research was supp<rted b> a crant fr<im Ihc Horace 
H RacLhara Schr*ol of Graduate btudics The I ni\erMt> *f 
Mjchjpan 
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At first glance it might appear impossible to separ 
the txvo amino acids w itli this solx'cnt sx stem H 
excr, solxang for 0 using Eq 3, gixes x.iliits nl 1 
and 1 7 Solving for R/, in Eq 5 (using « “ ' 
gi'cs a x’alue of 0 43 Thus if would ipptir 
better separations could be expected if R/i 
creased In order to test this the following exp 
ment w as undertaken The R / should inert ixc 
the mobile phases become .i better solxent for 
amino acid, therefore the amount of acetic icid i 
increased \ alues of 12 5 and 13 0% x/' aci 
acid (equal parts of butanol and water) wire clio 
since greater percentages lead toaoiicplnscsjsK 
These were run on Wh itman No 1 filter strips w 
descending formation T.ible I shows tlic rtw 
of these experiments Thus it was possible to 
reasonable separations w ith .i sx stem w Inch orignii 
did not look promising Parallel expcrinitnts iw 
Wli itman No 4 and 34 paper gax e R/, x dues wh 
were smaller and the separation was corrcspondiiii 
less 

Tabi e II — R/ Values or Pentoiiariiitai (D a 
ITS I-Ethalproexl Isoxier (II) IN Henzi NI I 
Acetic Acid Ethanol Mixturi s 


Elhxnnl 9c 

I 

II 

23 

0 00 

0 01 

13 

0 S3 

0 KS 

10 

0 77 

0 SI 

0 

0 71 

0 7S 


In the experiments, with ptiitob irhit d u' 

1 tthjipropxl isomer, using i beiiztnt IH'/ ' 
icitl ctli mol sxstem and rextrsed ph ist I'"’ 
treated with 3/,- SE 00 (300) silicone ntinl. f-ti ' 
Electric, in n pentane ind dried in m ",ii> 
three minutes at 130°) iscending dee elopmeu’ ’ 
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found that Rn was too large and that decreasing the 
ethanol concentration led to an improvement in the 
separation, as shown in Table II. 

The general method may be extended, of course, 
to larger numbers of substances Analysis of pre- 
liminary data in this manner should make it possible 
to make a more rational decision as to means of 
improving desired separations. 
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Nch! and Nonofficml Drugs J960 Evaluated by 
.\ M A Council on Drugs Medical Dept , J 
B Lippincott Co , East Washington Square, 
Philadelphia 5, Pa , 1960 wviii -f 768 pp 
12 3 \ 19 cm Price S3 35 
The new subtitle for the 1960 edition of N N D 
reads: "An annual compilation of available infor- 
mation on drugs, including their therapeutic, pro- 
phylactic. and diagnostic status, as evaluated by 
the Council on Drugs of the .American Medical 
Association " Its scope comprises agents proposed 
for use whether or not their usefulness has been 
definitely established The A M A thus attempts 
to inform the phj^sician about the values and dangers 
of new drugs as soon as responsible and authorita- 
tive opinions can be obtained Forty-five new 
monographs have been added in N N D 1960 It 
is to be hoped that the excellent work of the Council 
on Drugs could be broadened to publish its evalua- 
tions of new drugs even sooner, without sacrificing 
its unbiased, thorough approach This might dis- 
courage the reading of hastily published opinions 
by other less qualified medical "experts ” 

The Merck Index of Chemicals and Drugs 7th ed 
Edited by Paul G Stecker, M J Finkel, and 
O H. SiEGMUND. Merck &• Co , Inc , Rahway, 
N J , 1960 xi -b 1641 pp 18 X 25 cm. Price 
812 

This exceptionally useful and reliable reference 
hook has 400 pages more than the 6th ed of "The 
Merck Index,” which was reviewed in This Journal, 
41, 339(Junc 1952) The increase in page size also 
is significant, from 16 X 23 5 era in the 6th to 18 
X 2.5 cm in the 7th ed The new edition includes 
nearly 10,000 descriptions of individual substances, 
more than 3,300 structural formulas, and about 
30,000 names of chemicals and drugs in a separate, 
^ .dphahetically arranged and cross-indexed listing 
The separate listing should be utilized, rather than 
leafing tlirough the extensive encyclopedic text, to 
find any substance or compound by its systematical- 
chemical, generic, common, brand, or trade name 
A special section lists more than 400 organic 
“iiainc” reactions witli a description and structural 
representation of each Additional inforination 
mcludes a list of prescription notations and a table 
of isotonic solutions of drugs 


Pharinacopoea Iniernationalis, 1st Edihon Supple- 
ment World Health Organization, Geneva, 
1959. Official distribution agent for the U S 
Columbia University Press, 2960 Broadwav, New 
York 27, NY xx -t- 224 pp 16 x 24 cm 
Price $5 

This supplemental y volume containing 94 addi- 
tional monographs and 17 appendixes completes the 
first edition of the International Pharmacopoeia 
(Ph I ) Volumes I and II were reviewed in This 
Journal, 41. 222(1952) and 45, 434(1956) The 
Ph I is a collection of recommended specifications 
which are not intended to have legal status, as such, 
in any country but which can serve as a basis for the 
establishment of national standards Appendix 7, 
titled "Preparation of Isotonic Solutions,” includes 
graphs showing the amount of sodium chloride (or 
potassium nitrate) to be added to solutions of 67 
drugs to obtain isotonicity A composite index for 
Volumes I and II and the Supplement is appended 
A table comparing the titles and strength standards 
of drugs appearing in both Ph I and N F XI will be 
included in the General Information section of N F 
XI 

Year Book of Drug Therapy 1959-1960 Series 
Edited by Harry Beckman The Year Book 
Publishers, Inc , 200 East Illinois St . Chicago 11, 
111 , 1960 Ixxx -b 570 pp 13 x 19 5 cm Price 
SS50 

This edition of the Year Book continues Dr Beck- 
man’s excellent coverage and condensation of the 
medical literature He has added a section in which 
he gives brief opinions on new drugs for which F'D.A 
new drug applications became effective during the 
period from September 1958 to September 1969. 

American Drug Index I960. By Charles O 
Wilson and Tonv Everett Jones J B 
Lippincott Co , East Washington Square, Phila- 
delphia 5, Pa , 1900 712 pp 13 5 X 20 5 cm 

Price So 75 

The 1960 edition of "American Drug Index” 
brings up to date this very useful reference of phar- 
maceutical chemicals and preparations The orig- 
inal format and concise style of coverage is un- 
changed 


The United States Pharmacopoeial Convention, Inc. 

ANNUAL FINANCIAL STATEMENT 

Based upon the Report of the Auditor for the 
year ended December 31, 1959 

STATEMENT OF INCOME AND EXPENSE 


Income : 


Sales of Pharmacopeias: 

Collections $20 ,133. 25 

Add — Increase in accounts receivable *15-1.90 


Sales of reference standard.s 

Collections S-19,7-12.00 

Add — Increase in accounts receivable, and adjustment o. prior years’ collections 2,323.15 


.V2.0G:..r. 

Interest on investments, less amortization of bond premiums of $22. C5 0,S3y S'> 

Interest on savings deposits 0,012. It 

Use of text by others 2'). O' 

Miscellaneous 121. .51 


Expense : 

Revision 

L;s5 — Increase in inventory 


Adm nistration 

Publications 

Add — De. reuse in inventory. 


Headquarters 

Add — Depreciation expense 

Building 

Furnishings and equipment 


Convention , . . 


Excess of Expense over Income 


s yo.G.'.i.i'-’ 


$80.330. -11 
3-10 70 


S 85.llSy.f'j 

.... 8,7S3.0: 

.$27, 03-1. ‘13 

10,5*13.02 

37, i"*-!*' 

.? 5,C58.97 

$2,-130.77 

4,208.00 C,C39.70 


12 29.''. M 

$119. 971.21 

.' 18 . -IIP -t? 


STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS (GENERAL ACCOUNT) 


Receipts; 

Sales of pharmacopeias 

Sales of reference standards. . . 

Interest on investments 

Interest on savings deposits. . 

Use of text by others 

Miscellaneous 

Transfer from savings accounts 


Disbursements: 

Printing and biniling 

Salaries 

Meetings 

Supplies 

Postage and telegrams 

Utilities 

Repairs and maintenance. ... 

General 

Insurance and taxes. _ 

Furnishings and equipment 







4!I.7I'.’,I" 






I'l.SM 






ri.f .95 






f>' 

121 ,-'1 
IS. Ills’ l‘' 




















I'urnish- 
ings ond 



Adminis- 

Head- 


Kquip- 

*n-l;d 

Revision 

tration Publications 

quarters 

Convention 

ment 


527.031.4,3 



< 

.j7, 011,1'' 

•■’l.l'l' V- 

$.57,209 72 

$.5,590 20 

■SI ,70i.20 

$ .390.20 


2,013 77 

1,455.42 

,3., '.'in, 78 


i.T')|’;; 

I . 1 13 52 

4C 4 1 


210,27 


1 .709.02 

3G.11 


1 91.. 50 




2,328 71 






1,3.51.03 



" LV 

23,081 3S- 

1 , 05.5 . 50 

i 8.5. 00 


$178 ' 7.5 


$50,3.30.41 

$8,783.67 $27,031 43 

.$.5,058.97 

$1,121.75 

5178,7,'. SI 

!2,797 


* Research Assistants 

Reference Standards supplies 

Retirement and Social Security 

Promotion 

Miscellaneous 


S 4,100 
5.137 
11. 80S 
103 
2.410 


S23.0St 
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The Avidity of Salicylic, Gentisic, and Salicyluric 
Acids for Heavy Metal Cations* 

By JOSEPH PECCIt and WILLIAM O. EOYE 

Potentioraetric titrations were carried out with the title compounds in the presence 
of various heavy metal cations. Evidence was provided by this method that Cu 
Fe and ions were capable of forming stable chelates with these acids. 

No evidence of chelation was found with Co'*'+, Ni Zn Mg"*"*', Ca++, or Ag"*" 
ions, although chelates of low stability would not be detected by this procedure. 

The avidities of these acids for metal ions were recorded as stability constants, and 
their magnitude indicates that the chelates should be capable of existence in the 

animal cell. 


Tt has been suggested that salicylates may ex- 
^ ert some, if not all, of their biological effects 
through their ability to chelate the ions of metals 
^ (1). The nonchelating ineta,- and /joro-hydroxy- 
benzoic acids show none of the classical actions 
of the salicylates (2), It was therefore thought 
- enlightening to examine salicylic acid and its 
major metabolites, salicyluric and gentisic acids, 
in regard to the heavy metal cations that they 
j are capable of chelating, and also to know quan- 
1 = titatively the avidity with which these salicyl- 
• ates bind metal ions. 

Potentiometric titration appeared to be a suit- 
' able method for obtaining the desired informa- 
tion. Examination of the curves produced would 
indicate whether or not chelation had occurred, 
and stability constants could be calculated from 
'i the pH measurements. Mathematical treatment 
";i of the results was that derived by Albert (3, 4) 
j! for chelating agents having two ionizing groups. 
•: Babko (5, 6, 7) has previously obtained stability 
f;Yronstants for salicylic acid with ferric, cupric. 

Received August 21, 1959, from the Department of 
Chemistry, Massaehusetts College of Pharmacy, Boston. 

■ Abstracted from a thesis submitted by J. Pecci as a re- 
'' naucntent for the degree of Master of Science, 1958 

This project uas supported in part by a grant (A-I9H) 
atcarded by the National Institute of Arthritis and Meta- 
bolic Diseases of the National Institutes of Health, U. S. 
Public Health Service. 

Presented to the Scientific Section, A. Pii A , Cincinnati 
meeting, August 1959. 

1 Present address: Cambridge Research Center, A. R. 
^ D. C., Bedford, Mass. 


and aluminum ions using a spectropholometric 
procedure based on the method of Job (8). 

METHODS 

Materials. — The metallic ions were used in the 
form of the following salts; Fisher certified CuClj, 
Baker analyzed reagents ZnfNOslj’dHiO, Cods- 
6HsO, NKNOsh-eHsO, MgClrOH-O, AlCb-eHjO, 
FeCl,-6H:0, Ca( CH,COt)s • H-O. and AgNOj. The 
o-hydroxyhenzoic acid used was Fisher certified 
grade, the /)-hydroxybenzoic acid obtained from 
Eastman Organic Chemicals, and the gentisic 
acid obtained from Matlieson, Coleman and Bell. 
The salicyluric acid was prepared by the procedure 
of Hanzlik (9), m. p. 168-170°. 

Carbonate-free 0.100 sodium hydroxide was 
prepared from a filtered saturated solution of sodium 
hydroxide U. S. P. The stock solution was ap- 
propriately diluted with freshly boiled-out and 
cooled distilled water, and standardized. 

Titrations. — Exactly 50.0 mi. of a 0.01 M solution 
of salicylic acid or derivative was titrated with 
0.100 N sodium hydroxide, first in the absence of 
metal ions and then in the presence of 0.00025 mole 
of a divalent metal salt or 0,000165 mole of a 
trivalcnt metal salt (one equivalent). Thus the 
molar concentration was 0.005 M for divalent ions 
and 0.0033 M for trivalent ions, and the molar 
ratio of salicyclic acid to metal u-as 2:1 for divalent 
and 3:1 for trivalent ions. The total volume of the 
solution being titrated was therefore 50 rah, whether 
or not metal ions were present. The amount of 
alkali used in each titration was 10 mi. 

Ex.actiy 50.0 mi. of a 0.005 solution of divalent 
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The Avidity of Salicylic, Gentisic, and Salicyluric 
Acids for Heavy Metal Cations* 

i By JOSEPH PECCIf and WILLIAM O. FOYE 

Potentiometric titrations were carried out with the title compounds in the presence 
of various heavy metal cations. Evidence was provided by this method that Cu++, 

II Fe+^+j and ions were capable of forming stable chelates with these acids. 

I No evidence of chelation was found with Co'''+, Zn + +, Ca or Ag'*^ 

ions, although chelates of low stability would not be detected by this procedure. 

The avidities of these acids for metal ions were recorded as stability constants, and 
■ their magnitude indicates that the chelates should be capable of existence in the 

animal cell. 


has been suggested that salicylates may ex- 
ert some, if not all, of their biological effects 
through their ability to chelate the ions of metals 
[5. (1). The nonchelating niela- and para-hydroxy- 
benzoic acids show none of the classical actions 
of the salicylates (2). It was therefore thought 
enlightening to examine salicylic acid and its 
major metabolites, salicyluric and gentisic acids, 
in regard to the heavy metal cations that they 
: are capable of chelating, and also to know quan- 
i! titatively the avidity with which these salicyl- 
' ates bind metal ions. 


^ Potentiometric titration appeared to be a suit- 
i’ able method for obtaining the desired informa- 
tion. Examination of the curves produced would 
indicate whether or not chelation had occurred, 
and stability constants could be calculated from 
I'i the pH measurements. Mathematical treatment 
of the results was that derived by Albert (3, 4) 
for chelating agents having two ionizing groups. 
•; Babko (5, 0, 7) has previously obtained stability 
4 constants for salicylic acid with ferric, cupric. 
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and aluminum ions using a spectrophotometric 
procedure based on the method of Job (S). 

METHODS 

Materials. — The metallic ions were used in the 
form of the following salts'. Fisher certified CuCb, 
Baker analyzed reagents ZnfNOjJi-fiHjO, CoClj- 
6H5O, NitNOjjj-eHoO, MgCl2-6H:0, AlClrGHjO, 
FeClrfiHjO, CafCHsCOajj-HcO, and AgNOj. The 
o-hydroxybenzoic acid used was Fisher certified 
grade, the ^-hydroxybenzoic acid obtained from 
Eastman Organic Chemicals, and the gentisic 
acid obtained from Matheson, Coleman and Bell 
The salicyluric acid was prepared by the procedure 
of HanzUk(9), m. p. 168-170”. 

Carbonate-free 0.100 N sodium h\(!' ixide was 
prepared from a filtered saturated solutu 1 , uf sodium 
hydroxide U. S. P. The stock solut. n w.is ap- 
propriately diluted with freshly boiU i out and 
cooled distilled rrater, and standardized 

Titrations. — ^Exactly 50.0 ml. of a 0 (U .1/ solution 
of salicylic acid or derivative was titr.ated with 
0.100 N sodium hydroxide, first in the absence of 
metal ions and then in the presence of 0 00025 mole 
of a divalent metal salt or 0.000165 mole of a 
trivalent metal salt (one equivalent) Thus the 
molar concentration was 0.005 M for divalent ions 
and 0.0033 M for trivalent ions, and the molar 
ratio of saiicyclic acid to metal was 2:1 for divalent 
and 3:1 for trivalent ions. The total volume of the 
solution being titrated was therefore 50 ml., whether 
or not metal ions were present. The amount of 
alkali used in each titration was 10 ml. 

Exactly 50.0 ml, of a 0.005 i\f solution of divalent 
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metal ions or 50.0 ml. of a 0.0033 Jl/ solution of 
trivalent metal ions was also titrated with 0.100 
A' sodium hydroxide. All titrations M-ere earned 
out at 20 ± 2°. 

The solution to be titrated was contained in a 
beaker fitted -with a stopper admitting glass and 
calomel electrodes, a thermometer, buret tip. and 
capillary tube through which nitrogen was passed 
continuously for stirring and maintaining an inert 
atmosphere. 

The alkali was added in 0.5-ml. portions and the 
pH was recorded after each addition by means of 
a Beckman model H2 pH meter frequently stand- 
ardized with Beckman buffer solution. Graphs 
were then prepared by plotting pH vs. volume of 
alkali. 

Expressions. — The calculations of stability con- 
stants are based on the following expressions, 
since chelate formation has been shown by Bjerrum 
(10) to be thermodynamically reversible without 
appreciable energy of activation and to follow a 
step-wise course, and the present results, as shown 
by the formation curves (Fig. 1), are in agreement. 

_ [1:1 chelate] 

[free metal ions) X [free chelating species) 

_ [2:1 chelate] 

[1:1 chelate] X [free chelating species] 

By combining these two equations, an overall 
stability constant (Ks) for the entire reaction is 
obtained (where a divalent salt is involved): 

[2: 1 chelate] 

[free metal ions] X (free chelating species)* 

or, more conveniently, 

Ks = A" A'" 

In the case of a trivalent salt, the following 
expressions would, of course, be applicable: 

_ [3:1 chelate] 

[free metal ions) X [free chelating species]’ 

Ks = K'K'K'" 



—LOG [Sc] 

Fig. 1. — Formation curves of the salicilic nci 
chelates. A, Salicj'lic acid (0.01 M) and Cu* 
(0.005 jU); B, salicvlic acid (0.01 df) and Al'* 
(0.0033 A/); C. salicylic acid (0.01 M) and Fe^ 
(0.0033 Af); D, theoretical curve for .1 asswmi" 
step-wise addition. 


(1 - u)[5cl 

K" = » ~ 1 

(2 - n)l5cl 


(Fq 1 
(Fq 2 


It follows then that A'" mav be calculated f: 
Eq.3. 


A"" = 


n - 2 
(3 - n)[5ci 


(Eq .1 


These equations can be solved hccaiiic d 
experimental data allow the calculation at [■' 
from Eqs. 4 or 5 and n from Eq. C as sliaaa 1 
Albert (4). 

log [5c] = log |[A5c°l - [XaOHl - [If I) , 

Ingd (F'l ’ 


log [5c 1 = log |2[A5c'>] - [NaOHI - I] lull - 
ing d (I'-q 


The term "free chelating species” refers to that 
form of the chelating agent with which the chelate 
is in equilibrium. In the case of salicylic acid and 
a divalent metal ion the free chelating species in 
equilibrium with the 1 : 1 chelate is shown by struc- 
ture I, and the free chelating species in equilibrium 
with the 2 : 1 chelate by structure II. 




Calculations. — If ue define n as the average 
number of ligand molecules bound by each metal 
ion at any stage in the process of complex forma- 
tion, and [5c] as the corresponding concentration 
of free chelating species, then K' and K" can be 
calculated from Eqs. 1 and 2 « ithout actual measure- 
ment of the free metal ion concentration t3. 10). 


. _ [A'5c°l — o[5c l r, 

" [A/°] 

Where [A'5c°] = the molar coneeiitratiou of ediO 

late before metal ion was added (0.01 Af); f‘''' 

= the molar eoneentration of sodium hydrovi. 
which would be present if salicylate and 
ion were absent ; [H ■^] = the hydrogen _ 

tration caleulated from the pH readings; [•' I 
the total molar eoneentration of mtlal ion, hotin' ' 
free; o = ([H+J/A'a) -f ( (II "1/A«A« ) * 

0 = ([H+]/An) -f (2[II+lVA'nA«') + 
the secondary ionization constant for tlie ‘ • jc) ■ 
An' = the primary ionization con't.mt f"r 
salicylate. _ if.,', 

In order to decide whether to use hqs ft'., 
to determine log [5V], a comparison v, as m ule '^ 
pH values obtained on titration uilh alk.'' '' 
presence and in the absence of mtt.d ‘ ■ 

ample, in Table I, salicylic acid in the pri 
of Cu'"' ions shous evidence of end [joint f"rn ^ ^ 
when two equivalents ( 10 0 ml.) of .dkali ari . 
because the pH obtained in tlie [irc-Mice o 



Scientific Edition 


413 


July 1960 

'Table I. — Potentioiietric Titration of Sali- 
cylic Acid and Cupric Chloride at 20° 


0 1 iV 
NaOH. 


log 


log 

K' 

log 

K" 

ml 

pH 

15rl 

n 

0 

2 62 





0 5 

2 68 

U 77 




1 0 

2 78 

14 93 




1 5 

2 88 

13 09 




2 0 

2 98 

13 24 




2 5 

3 12 

13 44 




3 0 

3 28 

13 66 

0 03 



3 5 

3 42 

13 84 

0 01 



4 0 

3 61 

12 07 

0 02 



4 5 

3 88 

12 38 

0 03 



5 0 

4 21 

12 70 

0.10 

10 34 


5 5 

4 58 

11 07 

0 25 

10 45 


6 0 

4 95 

11 40 

0 45 

10 52 


6 5 

5 32 

11 73 

0 60 

10 46 


7 0 

5 88 

10 22 

0 80 

10 38 


7 5 

6 88 

9 14 

1 00 



8 0 

7 28 

9 43 

1 18 


7 91 

8 5 

7 62 

9 66 

1 39 


8 14 

9 0 

8 78 

8 63 

1 60 


7 54 

9.5 

10 31 

7 85 

1 98 


7 85 

10 0 

10 85 





log mean of antilogs 


10 43 

7 91 


ions is only 0 9 pH units below that of the pH of 
salicylic acid alone At one equivalent (5 0 ml ), 
the pH of salicylic acid in the presence of Cu"'"*' 
ions is 4 27 pH units below that of salicylic acid 
alone. 

Whenever end point formation is reached after 
^the addition of two equivalents of alkali, Eq 5 
is used If end point formation had occurred after 
the addition of one equivalent of alkali, Eq 4 
nould have been used In this work, all values for 
log [5c] were calculated from Eq 5 

The overall stabilit)’ constant was calculated 
from Eq 7 and then compared with an independent 
calculation from Eq 8 

log As = —2 log [5c], where fi -100 (Eq 7) 
log Ks = log K' -f leg K" (Eq 8) 

When log K"' could be calculated, log Ks was 
calculated from Eq. 9 

log Ks = log K' + log K" -f log A"" (Eq 9} 

RESULTS AND DISCUSSION 

Potcntiomctric titrations were carried out with 
salicylic acid in the presence of the following ions: 
Cu++, Fe+++, A1+++, Co++, Ni++ Zn++ Mg++ 
Ca+'*', and Ag'*'. Examination of the curves 
drawn (pH vs volume of alkali) showed that only 
copper, aluminum, and ferric ions were capable of 
chelating with salicylic acid. Gentisic and salicyl- 
uric acids also uere found to chelate onh- these 
three metal ions of the metals studied. The titra- 
tion curves obtained with the nonchelating metals 
in the presence of a salicylate reproduce in turn the 
titration curves of the individual components, 
nhereas the titration curve representing a chelation, 
uhcrc additional hydrogen ions are liberated, fol- 
laus “a path independent of that of the chelating 
agent and is almost always independent of that of 
the metal ion (3) ” In the latter case, an entirely 
new picture is presented, and furthermore, the 


usual precipitates of metal hydroxides no longer 
take place upon the first addition of alkali These 
differences in titration results from chelating and 
nonchelating reactions have been adequatel}’ 
illustrated in the past (3, 11), however, and need no 
elaboration here The extent of the displacement 
of the curve representing a chelation forms a meas- 
ure of the avidity of a particular agent for a given 
metal ion, and is dealt with algebraically in the 
section on calculations It should be pointed out, 
however, that it is not easy to recognize a low value 
of K' by this method, so that a chelate of low 
stabilit}' could be overlooked 

In the titrations of the salicylates with various 
metal ions, pH values were obtained for each addi- 
tion of alkali. From these readings, values for 
log [5c] and n were calculated from Eqs 6 or 6 and 
were used for the final calculation of stability 
constants Table I gives a typical example of the 
results of a titration where chelation took place 
rvith a divalent metal ion and Table II where a 
chelation took place with a trivalent one I'^alues 
for log K', log A", and log A'", calculated by Eqs 1, 
2, and 3, respectively, are included, as well as 
values for log Ks derived from both Eq 7 and Eq 8 
in Table III When log A" could be calculated, 
Eqs 7 and 8 could be used to calculate log A'A", 
and log Ks was obtained from Eq 9 


Table II — Potentiometric Titration of Sali- 
cylic Acid and Ferric Chloride at 20° 


0 1 

AT 












NaOH, 



.'?S. 



log 

log 

log 

ml 

pH 

15rl 


n 

K‘ 

J 

r:" 

A 

• Ht 

0 


2 

25 










0 

5 

2 

30 

15 98 

0 

69 

14 

36 





1 

0 

2 

32 

15 99 

0 

82 

14 

67 





1 

5 

2 

40 

14 14 

0 

&3 

14 

55 





2 

0 

2 

45 

14 22 

0 

88 

14 

65 





2 

5 

2 

52 

14 33 

0 

94 

14 

87 





3 

0 

2 

60 

14 46 

0 

99 







3 

5 

2 

69 

14 60 

1 

00 







4 

0 

2 

75 

14 68 

1 

10 



12 

39 



4 

5 

2 

85 

14 82 

1 

20 



12 

57 



5 

0 

2 

98 

13 02 

1 

21 



12 

41 



5 

5 

3 

10 

13 17 

1 

30 



12 

46 



6 

0 

3 

20 

13 28 

1 

40 



12 

54 



6 

5 

3 

30 

13 38 

1 

53 



12 

67 



7 

0 

3 

48 

13 58 

1 

60 







7 

5 

3 

60 

13 66 

1 

80 







8 

0 

3 

SO 

13 S3 

1 

99 







8 

5 

4 

08 

1*1 04 

2 

20 





11 

36 

9 

0 

4 

55 

12 .38 

0 

44 





11 

52 

9 

5 

5 

so 

11 36 

2 

70 





11 

01 

10 

0 

9 

00 










log 

mean 

of antilogs 



14 

65 

12 

52 

11 

35 


The values obtained for log A', log A", and log 
K” were converted to antilogarithms, averaged, 
and reconverted to logarithms Not all values were 
selected for this purpose, as they are not all of 
equal accuracy. These results are summarized in 
Table III, and may be compared with literature 
Ks values for salicylic acid chelates in Table IV. 

Curves obtained by plotting values of fi against 
—log [5c], as shown in Fig. 1, have been termed 
foraation curves by Bjerrum (10), and they provide 
evidence as to whether a given reaction is step- 
wise or not Figure 1 gives the formation curves 
for the chelates of salicylic acid nith Cu++, 
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Table III — Stability Constants of the Sali- 
cylates AND Heavy Metal Cations at 20° 


Ionization 

Salicylic 

Gentisic 

Salicyluric 

Constants 

Acid 

Acid 

Acid 

Ka 3 0 X 10'"' 

« G 3 X l0-“c 

6 9 X 10-94 

Ka' 

1 06 X 10-56 

7 9 X 10-*e 

2 3 X 10-<<J 

Stabilitv 




Constants: 




Cu'* 




log A" 

10 4 

7 0 

6 1 

log A" 

7 9 

4 9 

5.6 

log Av 

18 3 

11 9 

11.7 

log 

17 7 

11 6 

11 4 

Fe + + - 




log A' 

14 7 

10 8 

9 0 

log A" 

12 5 

8 0 

7 0 

log A'" 

11 4 

5 1 

4 8 

log As' 

38 6 

23 9 

20 8 





log A' 

14 0 

10 4 

7 9 

log A” 

10 7 

7 3 

5 7 

log A'" 

8 6 

5 7 

K 

log Ai" 

33 3 

23 4 

18 0* 

a From RoftholT, I iM . 

Rtc trav chtm , 

42. 969(1923) 

6 From "International Cntical Tables." Vol 

VII. McGraw- 

Hill Book Co , 

Inc , New York. N Y . 1930, n 

1 246 c From 

Osol, A and Kleckner, L J 

. Tins Journal, 

41, 306(1952) 

^ From Kapp, 

E M and 

Coburn, A T , J . Btol Chem , 

145, 549(1942) 

' From Eq 

8 J P'rom Eq 7 

From Eq 9 


A A precipitate occurred after the addition of 7 5 ml of alkali 
» Estimated \alue 


Table I\’ — Comparison of Stability Constants 
FOR Salicylic Acid Chelates with Literature 
Values 


Cation 

log K' 

log K" 

log K"' 

log Ks<i 

CU + *'' 

10 4 

7 9 


18 3' 

d 

10 6 

6 3 


16 9 


14 7 

12 5 

11 4 

38 5 

t 

16 4^ 

11 4 

0 i 

33 5 

Ai---t 

14 0 

10 7 

8 6 

33 3 

0 

14 0 

9 0'‘ 

3 O' 

26 O' 


a From Eq 8 or 9 * Present uork Using Eq 7, log 

Ks — 17 7 ^ Ref (5) * Ref (G) / K' uas found by 

Babko to be 4 X 10“*^ Log K' was reported to be 17 4. 
but obviously an oversight i\as committed Ref (7) 

^ Estimated value 


to that already obtained from the salicylatc< in if, 
presence of nonchelating metal ions. Tlie preeir; 
tate of metal hydroxide occurred at the same pH 
and the curve for the mixture of acid and inij' 
reproduced the curves of the components. 

From Table III, it is evident that ncitliea: genii- 
nor salicyluric acid forms metal chelates ns rc.u!!' 
as salicylic acid. In fact, the overall st.ibilnt 
constants {Ks) for salicylic acid-metal clicl.itc> a-: 
all greater than the constants determined by 
(3, 4, 12) for the metal chelates of a-aniino acil- 
and other cellular constituents. It is quite concon 
able, then, that in the cell, salicylic acid, nr ii- 
metabolities, if present in sullicient concentMti'-. 
may compete successfully with the naturally oa'cr 
ring substances for metal ions It is also posaV; 
that the chelating ability of the salicylates may k i ! 
importance in their therapeutic effects, since mtt’I 
chelation in the cell seems quite possible. 

SUMMARY 

1. Salicylic, gentisic, and salicyluric acid- 
have been found to form stable clielatcs nith 
Cu++ Fe+++ and A1+++ ions using potentia- 
rnetric determinations. No evidence of clich 
tion was observed with Co+'*', Ni"'"*', Zn'*', 
Mg++, Ca++, or Ag"*" ions. 

2. The avidities with which these salicylatcj 
combined with heavy metal ions were calculated 
and recorded as stability constants, The Kt 
stants obtained for salicylic acid with Cu'*! 
Fe++''', and Al''"''+ ions agreed fairly well "itl> 
those of Babko determined by a different method 

3. The following orders of chelate stahilil) 
were found; salicylic > gentisic > salicyhirk 
acid, and Fe+++ > A1+++ > Cu++. hi other 
words, the greater the secondary ionization ct'"- 
stant of the acid, the smaller the value of the 
stability constant. 


Fe’^'^'*', and Al'’"*’’^ ions A theoretical curve was 
derived by adopting any arbitrary value for log 
K', log A'”, and log A'" and uorking out values of 
— log [5cl for regular increments of h from Eqs 
I, 2, and 3 The theoretical is seen to be parallel to 
the experimental curves, so evidence was obtained 
that step-wise addition had occurred and that the 
equations employed arc valid It should be pointed 
out that Eq 7 is valid regardless of the tye of addition 
taking place because it is used only when fi = 1.00. 

-Vnother titration was carried out using /'-hy- 
droxy benzoic acid in the presence of Cu ions 
Examination of the titration curve showed no 
evidence of chelation, and revealed a picture similar 
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Relationship of Chemical Structure to Central 
Nervous System Effects of Tranquilizing and 
Anticonvulsant Drugs* 

By T. C. BARNES 


Isolated mice provide a method of testing 
ttanquilizing and anticonvulsant drugs on ab- 
norml animals. Trifluoroperazine was ef- 
fective in abolishing head twitch in lower 
doses than chlorpromazine, showing potency 
of the added piperazine ring. Phenobarbital 
inhibited convulsive movements induced by 
tactile stimulation but did not abolish head 
twitch. 

"Previous reports in abstract form (1, 2, 3) 
have described the agitated behavior of 
mice and rats kept in solitary confinement. For 
effects in another species see (4). The method 
could provide a hioassay for tranquilizing and 
anticonvulsant drugs. Keller and Umbreit (5) 
have reported the violent twitch of the head pro- 
duced by touching the occiput in an isolated 
mouse. Yen, et al, (6), observed that a mouse 
after isolation will attack a normal mouse. 
Pavlov (7) found that some isolated dogs be- 
come neurotic, refuse food, and die. Liddell (8) 
stated that only the sheep and goat can withstand 
isolation. Lasagna and McCann (9) investigated 
the increased toxicity of amphetamine in aggre- 
gated mice. 

EXPERIMENTAL 

In the experiments reported in this paper, white 
mice were taken from large communities and iso- 
lated in cages 6 X 6 X 12 inches, with metal sides 
and mesh top. Time of isolation lasted from twenty- 
four hours to a year. Head twitch was present in 
6% of controls but only mice without this sign of 
agitation were used. Time of isolation required to 
develop twitch varied from several days to weeks 
(some mice did not acquire twitch). 

Unlike Pavlov’s (7) isolated dogs, isolated mice 
did not show anorexia and a full diet of fresh meat 
and vegetables was provided, besides the usual rat 
pellets. Lee, c{ al. (10), have shown that isolated 
mice become agitated sooner on vitamin Bic-de- 
ficient diet (the type of fat eaten is also a factor.) 
In our experiments anorexia occurred only with re- 
serpinc. Mice were isolated visually but could 
smell and hear the other mice. They were taken 
from stock cages containing a large number, to 
emphasize the factor of social isolation. 

In mice, drugs were given orally with a blunt 
needle. Saline controls did not affect head twitch 
or convulsive movements. At least 40 mice were 

„ • Received October 12, 1!>59. trora Iliihncmann ^fedieal 
College, Philadelphia, Pa,, and Partnac Laboratories, Dallas, 

Rrewnted to the Scientific Section, Pn A , Cincinnati 
roecting, August Ifl.’i'l. 


used for each drug (mice that had recovered from a 
drug were tested again with a different drug). The 
head twitch was produced by a light touch on the 
occipital region (tested every one-half hour over a 
seven-hour period). Doses were investigated from 
subliminal to those killing 5% or over (dead mice 
counted the next day). Mice were considered 
sedated if they showed slow locomotion when 
touched, or definite ataxia, or obvious sleep. Re- 
cording devices of the Skinner box type were not 
possible because the mouse had to be touched 
lightly on trigger zone for twitch (the occiput). 
Records of the spontaneous movements of normal 
mice as influenced by drugs are of less significance 
than the effects of drugs on abnormal movement of 
"neurotic” mice. 

A convulsive movement, distinct from head 
twitch, is defined as a violent, purposeless displace- 
ment of the body (elicited by touching the occiput). 

Twenty-five tame white rats were also subjected 
to visual isolation in cages with metal sides (same 
dimensions as for mice). These were mostly old 
rats (104-438 Gm). taken from a large community. 
The head twitch is not seen in the rat but agitation 
is shown by vicious attack on a blunt glass rod 
which originally did not elicit a pugnacious attitude. 
Some rats squealed, or rolled over, or showed cata- 
tonic postures after isolation from several days to 
months. 

Agitated rats arc too vicious to handle during ad- 
ministration of drugs by stomach tube so a method 
of self-administration of ether was used, which we 
developed previously for the studj' of wound heal- 
ing (11). An inverted glass funnel containing cotton 
soaked in ether in the spout, was placed over the 
animal standing on a sheet of fly-screen resting on a 
flat board. When the rat tried to escape upward, it 
inhaled ether and fell to the ventilated floor, thus 
avoiding an overdose of anesthetic. The excitement 
stage of etherization was avoided. Rats also ate a 
rich diet (except on reserpine). 

RESULTS 

Table I presents the data obtained with 19 drugs 
on the head twitch and convulsive movements of 
isolated mice. The last column gives the percentage 
of mice which were sedated. The potency of head 
twitch inhibition decrea-sed in the following order: 
chlorpromazine > promazine > Lilly 26125 > re- 
serpine > trifluoperazine > acetazolamide > phena- 
cemide > azacyclonol > etholoin > meprobamate > 
glutamic acid lactam > primidone. The head 
twitch is perhaps a neurotic or psychotic sign. If 
so, the above compounds might be said to have tran- 
quilizing action. On the other hand, trimethadione, 
mcthylsuximide, SKF 5627, SKF 2599, diphcnyl- 
hydantoin, and phenobarbital did not inhibit the 
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twitch. The minus sign before the phenobarbital 
data indicates that head twitch was increased. 
Drugs having no common name that would fit the 
first column are as follows: Lilly 66125 is 8-ethoxy- 
2-butylamino-methyl-l,4-benzodioxane. 


CjHs— O 


CH.— NH— CHa— CHj— CH.J— CHj 

VO- 


SKF 5627 is 3-pthalmido glutaramide, 

CO— N 

/ \ 

CHo CO 

\ / 

CH— CHj 


N 

/ \ 
CO CO 



SKF 2599 is reduced diphenylhydantoin. It will 
be seen in Table I that the so-called convulsive 
movement or violent displacement of the body 
without purpose is inhibited by an anticonvulsive 
drug like trimethadione, which has no effect on the 
head shake. Dilantin increased the convulsive 
movements indicated by the minus sign in the 


Table I. — Effect of Drugs on Agitated Be- 
havior OF Isolated Mice” 


Anti- 
convul- 
saat 
Move- 
ment or 
Head Convul- 
Twitch sion Seda- 

Oral Dose, Inhibited, Stopped, tion. 


Drugfc 

mg./Kg. 

% 

% 

% 

Chlorpromazine 

3 

70 

90 

20 

Promazine 

50 

58 

78 

80 

Lilly 26125' 

12 

50 

87 

GO 

Reserpine 

10 

45 

47 

54 

Trifluoperazine 

1 

38 

53 

0 

Acetazolamide 

800 

37 

50 

33 

Phenacemide 

1500 

19 

47 

33 

Azacyclonol 

250 

17 

20 

18 

Ethotoin 

400 

15 

33 

77 

Meprobamate 
Glutamic acid lac- 

200 

11 

42 

50 

tarn 

800 

11 

58 

24 

Primidone 

200 

G 

30 

56 

Trimethadione 

800 

0 

53 

27 

Methsuximide 

500 

0 

0 

70 

SKF 5627' 

400 

0 

0 

59 

SKF 2599'^ 

Diphenylhydan- 

200 

0 

0 

25 

toiu 

200 

0 

-55 

75 

Phenobarbital 

200 

-14 

60 

85 


a All experiments include 40 or more mice. Doses are 
optimum for inhibition of head twitch, data based on time for 
peak effect, 7-hour test intervals. If mouse reacted to tac- 
tile stimulus by violent displacement of body, movement was 
classed as convulsive. 

& Drugs are listed in decreasing effect on head twitch; most 
effective action is that which inhibits the greatest percentage 
of mice with head twitch without producing more than 5 % 
deaths. 

cSee text for chemical structure. 


table. The ethyl congener, ethotoin, and also the 
reduced forms of diphenylhydantoin did not in- 
crease convulsions. The twitch might be called a 
‘ ‘psychomotor” phenomenon and it is of interest that 
phenacemide eliminated twitch in 19% of mice. 
However, methsu.vimide had no effect on twitch 
or convulsive movements but sedated 70% (40% 
of these died.) Note the dosage was carried above 
the 5% mortality level with this drug. 

The structural change in primidone (reduced 
phenobarbital) eliminated exaggeration of twitch 
and produced less sedation. Closing the ring in 
glutamic acid activated this inert compound. It 
was surprising to find acetazolamide acting as a 
"tranquilizer” but the anticonvulsive action was ex- 
pected. Also the anticonvulsive effect of mepro- 
bamate is in accord with its chemical use. The 
antitwiteh aetion of meprobamate was weak. Aza- 
cyclonol proved to be less effective against twitch 
than the phenothiazines. Reserpine required the 
high dose of 10 mg./Kg. which produced ptosis, 
anorexia, and bloody diarrhea. A suspension of re- 
serpine in water was used since reserpine injectable, 
Ciba, contains sufficient benzyl alcohol to affect the 
behavior of the mice. Thus benzyl alcohol in doses 
present in reserpine injectable, Ciba, at a level of 
10 mg./Kg, reserpine gave the following results: 
antitwitch 40%, anticonvulsive 22%, sedated 7%. 

Another solvent which should be avoided is 
propylene glycol — at dose of 3,000 mg./Kg. inhi- 
bited twitch in 20% and sedation in 30% (no con- 
vulsive mice were available at the time.) 

As a control for the phenothiazines, promethazine 
was tested at 25 mg./Kg. with no effect. To com- 
pare with the effects of acetazoleamide, chlorothia- 
zide at 800 mg./Kg, was found to have no effect on 
behavior. As a control for Lilly 26125, phenoxy- 
benzamine 1 mg./Kg. was without effect on twitch 
or conxTilsive movement. Statistical analj'sis by Dr. 
J. C. Munch on 16 drugs given in Table I (with the 
exception of promazine and trifluoperazine) shows 
that the coefficient of correlation r for antitwitch to 
anticonvulsant is 0.52, antitwitch to sedation 0.06, 
and anticonvulsant to sedation is 0.22. 

Only 25 isolated white rats were studied so the 
results will be presented very briefly. Shortest time 
for developing aggressive behavior was twenty-nine 
hours, others remained tame for many months. 
Reserpine, oral suspension, was given at 1 to 5 
mg./Kg. doses and prevented the attack on the 
glass rod in 50% of the agitated animals. In some, 
even after a total of 100 mg./Kg. reserpine over 
several daj's, the neurotic behavior persisted. 
Ptosis, hyena posture, and diarrhea resulted. 


DISCUSSION 

In e,xperimental pharmacology, isolation in mice 
produces a head twitch which is inhibited by tran-^ 
quilizing drugs. The effect of the added piperizino 
ring is seen in the lower dose of trifluoperazine com- 
pared with chlorpromazine. It is possible that a 
larger ring structure covers more receptors, protect- 
ing them from the stimulating action of neurohu- 
moral agents. The 3 carbon and nitrogen sidechain 
at position 10 in the phenothiazines may attach 
to the same receptors that are used by the same 
structure in norepinephrine (12.) Once attached. 
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the inert rings would protect adjacent receptors. 
The aiititwitch action of Lilly 26125 with benzo- 
dioxane structure suggests that an epinephrine-like 
compound may be involved in the agitated mice. 
However, this is not a simple matter of direct 
.adrenolytic action since phenoxybenzamine is in- 
active. Possibly, drug must block adrenergic recep- 
tors in the nervous system, not in the vascular sys- 
tem. Depletion of norepinephrine in nerves bj' re- 
serpine (13) is in accord with this hypothesis. How- 
ever, the persistence of some aggression in rats after 
a total of 100 mg. /Kg. of reserpine over several 
weeks, suggests that there are other factors besides 
chemical. 

Minor technical points are the ptosis with reser- 
pine which may aggravate the sensory deprivation 
or isolation stress and the chirping which occurs with 
100 mg./Kg. promazine which may act in the op- 
posite direction. 

The diphenyl methane structure appears weak in 
agitated mice as judged by the effect of azacyclonol. 

SUMMARY 

1. Isolated mice provide a method of testing 
tranquilizing and anticonvulsant drugs. 

2. Trifluoperazine was effective in abolishing 
head twitch in lower doses than chlorproraazine, 
showing potency of added piperazine ring. 


3. Phenobarbital did not abolish head twitch 
in mice as did the tranquilizers. The reduced 
form had some antitwitch action. 

4. The well-known exciting effect of diphenyl- 
hydantoin in mice is abolished by reduction or by 
ethyl congener. 

5. Closing the structure of glutamic acid 
endows antitwitch and anticonvulsive properties. 

6. Statistical analysis shows antitwitch effect 
distinct from anticonvulsive effect. 
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Complexing Tendencies of Saccharin in Aqueous 

Solutions* 

By J. R. MARVELt and A. P. LEMBERGER 


Contrary to what might be expected, rela- 
tively -weak complexing tendencies were 
observed between saccharin and various 
substances in aqueous solutions. A 1:1 
complex is formed between saccharin and 
theophylline. Saccharin forms water-soluble 
complexes with caffeine, various amides, and 
phenols. No interactions were observed 
between saccharin and N-methylpyroUidone, 
7 -butyrolactone and polyethylene glycol 4000. 

Tn recent studies by Higuchi and co-workers 
(1-4) it has been shown that a variety of acidic 
compounds form molecular complexes with cer- 
, tain substances, such as caffeine, N,N,N',N'- 
tetrameth 3 'lphthalamide, polyvinylpyrrolidone, 
and polyethylene glycol 4000. Saccharin, which 
has been widely' used as a symthetic sweetening 

♦Received August 21, 1959, from the University of Wis- 
consin, School of Pharmacy, Madison 

t Fellow of the American Foundation for Pharmaceutical 
Education Present address. McNeil Laboratories, Inc., 
Philadelphia, Pa 

Presented to the Scientific Section, A Pa. A , Cincinnati 
meeting, August 1959. 


agent for over a half century, possesses acidic 
properties and might be expected to shoiv similar 
complexing behavior. However, Rogenbogen's 
report (5), in 1918, of an association between sac- 
charin and antipyrine is the only' literature cita- 
tion of an organic complex formation involving 
saccharin. 

Higuchi and Lach (4) have proposed that mo- 
lecular interactions similar to caffeine complexes 
may' be the result of an association between an 
acidic hydrogen and the electronegative center 
of the complexing agent. They' also proposed 
that complexing may be enhanced by the high 
internal pressure of w'ater W'hich predisposes the 
interacting molecules to a stronger association 
On the basis of this theory of complexing sac- 
charin might be expected to show an attraction 
for compounds having a good electron donaLng 
center, such as the carbonyl group of an amide 
It was the purpose of this study to investigate 
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possible interactions between saccharin and 
various typical complexing agents. 

The solubility method (1) was employed as the 
analytical procedure for the observation of the 
complexing tendency of saccharin with the in- 
vestigated complexing agents. The solubility 
method was reported to be particularly applicable 
for detecting small complexing tendencies. 

RESULTS AND DISCUSSION 

Interactions With Amides.— All the investigated 
amides are freeb’ soluble in water and exeept for 
N,N-dimethylacetamide, a high boiling liquid, are 
white crystalline solids. The observed solubility of 
.saccharin in water at 30° with various concentrations 
of acetamide, N,N-dimethylacetamide, N.N-di- 
methylbenzamide, N,N,N',N'-tetramethylfumar- 
amide, and N,N,N',N'-tetramethyIphthalamide is 
shown in Fig. 1. The amount of saccharin used in 
these studies was 0.5 Gm. per 50 ml. of water. 



Fig. 1. — Solubility of saccharin in water at 30° as a 
function of amide concentration. 


It was evident that saccharin associated with 
these amides to form soluble complexes. The 
linear relationship between the molar concentrations 
of the amide and the molar solubility of saccharin 
indicated a first-order dependency between the 
amide and the complex. Since all the amide 
complexes were found to be water soluble, it was 
impossible to calculate their actual stoichiometries. 
To facilitate a comparison of the complexing tend- 
encies of saccharin with the amides, 1 : 1 stoichio- 
metric relationships were assumed and overall 
stabilitj' constants for the complexes were calculated 
( 6 ). 

Since the ionization constant for saccharin is 2.5 X 
10'^, a considerable concentration of saccharate 
ions will be present in an aqueous solution of sac- 
charin. It is possible that either undissociated 
saccharin or saccharate ion could associate with the 
complexing agents employed; therefore, the stabil- 
ity constants listed throughout this paper must 
be considered as overall stabilitj’ constants. 

The stabilitj’ constants listed in Table I are 
considerablj’ lower than the constants reported by 
Kostenbauder and Higuchi (2) in an investigation 
o' X,N,N',N'-tetrameth\dphthalamide and N,N,- 
N',N'-tetramethjdfumaramide with p-hydroxy- 
benzoic acid and salicylic acid. It is evident that 
the extent of complex formation in the saccharin- 
amide sj'stems is relativclj- small. 


Table I. — Overall Stability Constants for 
Interactions of .Saccharin With Certain 
Amides in Water 


Amide 

N,N,N',N'-Tetramcthyl- 

phthalamide 

N,N,N',N'-Tetramethyl- 

fumaramide 

N,N-Dimethyl- 

benzamide 

N,N-Dimeth}’l- 

acetamide 

Acetamide 


Stability Constant 

1.6 

1.4 

1.3 

1.2 

0.6 


It is of interest to note that although onlj' small 
differences in the stability constants are observed, 
the order in which they increase is compatible from a 
qualitative standpoint with theoretical expectations. 
The unsubstituted amide, acetamide, has been 
shown to form hj’drogcn bonds (7). If, as one 
might expect, such associations occur in aqueous 
solutions, thej' may well be in direct competition 
with the association between saccharin and amide. 
Alkj-1 substitution for amide hydrogen atoms 
precludes the possibilitj’ of formation of such 
hj'drogen bonds. In addition, alkjd groups have a 
greater tendency to release electrons bj’ the inductive 
effect than hydrogen atoms. With alkyl substitution 
the electronegativity of the carbonyl oxygen should 
be intensified and the ability’ of the amide to complex 
with an acidic substance should increase. As the 
complexing agents are rendered more hydrophobic, 
the "squeezing out” effect exerted by water mole- 
cules on a complex should be enhanced (4). 

Interactions With Xanthines. — The effects of 
caffeine, theophylline, and theobromine on the 
solubility behavior of saccharin in water at 30° are 
shown in Fig. 2. The quantity of saccharin em- 
ployed in these studies was 0.5 Gm. per 50 ml. of 
water. 



Fig. 2. — Solubility of saccharin in water at 30° as 
a function of xanthine concentration. 


From the phase diagrams it is seen that caffeine 
and theophylline entered into definite complex 
formations with saccharin while theobromine 
apparently’ did not complex. Stability constants 
calculated from the initial linear portions of the 
phase diagrams gave values of 5.7 and 5.6 for 
theophylline and caffeine, respectively, when 1 ; 1 
interactions were assumed. Since the stability 
constants for the two xanthines are identical within 
experimental error, it appears that the caffeine and 
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theophylline interact with saccharin in a similar 
manner and differ only in the solubility of the 
complex. 

The failure of theobromine to complex with sac- 
charin may possibly be related to its structure. 
Since it is the 3,7-dimethyl derivative of xanthine, 
tautonicrization involving the 1 and 6 positions can 
occur. Thus, if the 2 and 6 carbonyl functions are 
necessary for molecular interaction with saccharin, 
theobromine would not be expected to complex. 

The solubility of saccharin in the presence of 
various concentrations of theophylline was increa.sed 
until the solubility of the complex was reached. 
With a knowledge of the molar concentration of 
the xanthine corresponding to the plateau length 
in Fig. 2, the total amount of saccharin added to 
the system, and the total molar solubility of sac- 
charin in the free and complexed forms, the cal- 
culated-stoicliiometric ratio was found to be 1 : 1. 

Interactions With Other Substances Containing 
Nucleophilic Centers. — Witliin experimental error 
the solubility of saccharin at 30“ in water was not 
increased in the presence of jV-methjdpyrroiidone, 
7 -but}ToIactone, and polyethylene glycol 4000. 
The concentration range employed for these agents 
was 0.02 to 0.2 H/. 

Interactions With Phenols. — The study of the 
comple-xing tendency of saccharin with some slightly 
acidic substances was undertaken in view of the 
limited reactivity of saccharin with coraplexing 
agents which were proton -accepting agents, 
i The solubility of saccharin in water at 30“ with 
1 various concentrations of phenol, hydroquinone, 
catechol, and resorcinol is shown in Fig. 3. It 
would appear that saccharin forms very weak com- 
plexes with these phenols. On the other hand, 
increases in solubility in the order of magnitude 
observed may be due, at least in part, to other 
phenomena. Assuming complex formation of a 
1:1 nature for these proton-donating compounds 
with saccharin the stability constants fell into a 
range between 0.8 for phenol to 1.2 for resorcinol. 

EXPERIMENTAL 

N,N,N',N'-tetramethylphthalamide, N,N,N',- 
N'-tetramethylfumaramide, and N,N-dimethyl- 
benzamide were prepared by treating their acid 
chlorides in benzene with dimethylamine (2). 
The reaction system was extracted ’svith water and 
the aqueous extract neutralized with sodium 
carbonate. The alkaline aqueous layer was ex- 
tracted with chloroform and on evaporation of the 
chloroform, the amide was recovered. The amides 
were recrystallized from a mixture of equal volumes 
of benzene and ligroin. 

Reagents. — N,N,N',N'- tetramethylphthalamide, 



Fig. 3.— -Solubility of saccharin in water at 30° as a 
function of phenol concentration. 


m.p. 122-123°: N,N,N',N'-tetramethylfumaramide, 
m. p. 130-131°; N,N-dimethylbenzamide, m. p. 
42-43°; acetamide, m. p. 81°; catechol, m. p. 104- 
105°; resorcinol, m. p. 110-111°; hydroquinone, 
m. p. 170-171°; phenol, reagent grade; caffeine, 
m. p. 236-238°; theophylline, m. p. 272-273°; 
theobromine, m. p. 357°; N,N-dimethylacetamide, 
Eastman Kodak (4972); N-methylpyrrolidone, 
General Aniline and Film Corp. (batch 503); 
7 -butyroIactone, Eastman Kodak (6922); 0.05 N 
sodium hydroxide solution; phenolphthalein and 
methyl red as indicators. 

Amides. — In 125-ml. glass-stoppered bottles 
excess quantities of saccharin were added to various 
quantities of amide in 50 ml. of water. The sys- 
tems were equilibrated during rotation in a constant 
temperature bath at 30° for twenty-four hours. 
Aliquot portions of the supernatant liquid were re- 
moved and analyzed for saccharin content by titra- 
tion with sodium hydroxide solution with phenol- 
phthalein ns indicator. 

Xanthines and Phenols. — ^The procedure was 
identical to that described for the amides except 
methyl red was’ employed as the titration indicator 
with the phenols. 

Polyethylene Glycol 4000, N-Methylpyrrolidone, 
and 7 -Butyrolactone. — The general procedure with 
amide was varied in that the solubility of saccharin 
with these agents was determined by spectrophoto- 
metric measurements. 
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An Investigation of Solvent Effect Upon Saccharin 
Complexes With N,N-Dimethylacetamide* 

By J. R. MARVELf and A. P. LEMBERGER 


Complex formation between saccharin and 
N,N-dimethylacetamide appears to have a 
first-order dependency upon amide concen- 
tration in water, chloroform, and benzene. 
Relatively strong complexing occurs in ben- 
zene. In carbon tetrachloride and carbon 
tetrachloride-ethyl alcohol mixtures it appears 
that higher order complexes are formed. In- 
creasing concentrations of ethyl alcohol de- 
crease complexing tendencies through com- 
petition with N,N-dimethyjacetamide for 
saccharin in solution. 

Tn A PREVIOUS communication (1), it was shown 
that saccharin formed weak complexes in 
aqueous media with certain amides, such as N,N- 
dimethylacetamide and N.N.N'N'-tetramethyd- 
phthalamide. Complexing of this nature was 
proposed by Higuchi and Lach (2) to be the re- 
sult of dipolar interactions supplemented by the 
“squeezing out” effect by water molecules. 
Since saccharin possesses acidic hydrogen and 
these amides have good electron-donating centers, 
the results were somewhat unexpected. 

Water is a strong dipole; thus, in an aqueous 
solution saccharin, its dissociation products, and 
an amide would probably be highl}' associated 
with water molecules. It was felt that in certain 
nonaqueous solvents where competing solute- 
solvent interactions would not be as significant 
the dipole-dipole interaction of saccharin and an 
amide might be rendered more favorable. 

The present investigation is an observation of 
the complexing tendency of saccharin with N,N- 
dimethylacetamide in water, chloroform, benzene, 
carbon tetrachloride, and carbon tetrachloride- 
ethyl alcohol mixtures. The solubility method 
(3) was employed as the procedure for the de- 
tection of complex formation. 

N,N-Dimethylacetamide was selected as the 
amide complexing agent because it exists only as 
a monomeric unit and possesses suitable solu- 
bility in the investigated solvents. This amide 
forms very weak complexes with saccharin in 
water; therefore, any increase in complexing 
tendency observed between this amide and sac- 
charin in the nonaqueous solvents relative to 
water would be readily apparent. 

* Received August 21, 1559, from the University of Wis- 
consin, School of Pharmacy, Madison. 

t FeUow of the American Foundation for Pharmaceutical 
Education. Present address: McNeil Laboratories, Inc., 
Philadelphia, Pa. 
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RESULTS AND DISCUSSION 

Interactions in Benzene, Chloroform, and Water. 
— The effect of various concentrations of N,N-di- 
methylacetamide on the solubility of saccharin al 
30° in benzene, chloroform, and water is shown ir 
Fig. 1. The solubilities at 30° of saccharin in ben- 
zene, chloroform, and water are 4.3X10“^ 2.0-1 
X 10"^ and 1,90 X 10“^ moles per liter, respec- 
tively. 



Fig. 1. — Solubility of saccharin in benzene, chloro- 
form, and water at 30° in the presence of N,N- 
dimethylacetamide. 


Since only soluble complexes are obtained in 
these solvents, the stoichiometry of the observed 
complexes can not be determined. However, the 
linear relationship which exists between the molar 
concentration of saccharin and the molar concen- 
tration of N,N-dimethylacetamide in each system 
appears to indicate that the principal complex has a 
first-order dependency with respect to the amide 
concentration. These linear relationships, al- 
though common to the three sy'stems, do not neces- 
sarily- indicate that the same comple.x is formed in 
all three solvents. 

It is apparent that a quantitative comparison of 
the effects of these solvents upon the saccharin- 
amide complex would be difficult. Qualitatively 
the systems may- be compared by- determining the 
solubility- of saccharin above its initial solubility- 
for each system at a given amide concentration. 
Taking the increase in water solubility- of saccharin 
by- the amide as unity-, a ratio of 31:16:1 is found 
for benzene, chloroform, and water, respectively. 
It is interesting to note that this ratio closely- paral- 
lels the decrease in the polarity of the solvents. 
The ratios of the total molar concentration of sac- 
charin to its initial molar solubility- at 0.6 M N,N- 
dimethylacetamide are 66, 8, 1.5 for benzene, chloro- 
form, and water, respectively-. That is, the total 
saccharin in solution in the presence of 0.6 J\f amide 
in benzene is 66 times the solubility of saccharin in 
pure benzene. It would appear, then, that competi- 
tive interactions in aqueous systems inhibit sac- 
charin-amide complex formation. Further, a 
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comparison of the results in benzene and chloro- 
form indicates that in chloroform, solute-solvent 
interactions occur to reduce complex formation. 

Interaction in Carbon Tetrachloride and Ethyl 
i^AIcohoI-Carbon Tetrachloride Mixtures. — The sol- 
> ability of saccharin in these solvents at 30° in the 
I presence of varying concentrations of N,N-di- 
nietliylacetamide is illustrated in Fig. 2. The initial 
solubilities of saccharin are 0,82X10“’, 1.68X 
10“’, 3.16 X 10”’, and 0.47 X 10“’ moles per liter 
in carbon tetrachloride, 5, 10, and 20% absolute 
ethyl alcohol bjf volun^e, in carbon tetrachloride, 
respectively. 



xtO’ 


Fig. 2.— Solubility of saccharin in carbon tetra- 
chloride-absolute ethyl alcohol v/v mixtures at 30° 
in the presence of N,N-dimethylacetaraide. Curves 
are theoretical and points are experimental values. 
0. 0% ethanol; O , 5% ethanol; © , 10% ethanol; 
and 9, 20% ethanol. 

The relationships in Fig. 2 between the molar 
solubility of saccharin and the molar concentration 
of amide indicate that significant amounts of more 
than one complex form in each system. Further, 
the relativ'c amount of each varies depending upon 
which amide concentration is selected. 

The interaction between saccharin and the amide 
complexing agent to form a complex may be ex- 
pressed as 

a saccharin i amide c complex (Eq. 1) 
The stability constant for this reaction is then 

K T= (complex)-^ ,, 

(saccharin)" (amide)’ ' n " 

The total concentration of saccharin in solution. 
Si, at any molarity of amide tvill be equal to the 
sum of the concentration of free saccharin, which is 


the solubility of saccharin, in the pure solvent, 
and the concentration of complexed saccharin. 
If it is assumed that two principal complexes are 
present in each system of Fig. 2, with the initial 
complex having a 1:1 and the second complex a 
1:2 molecular ratio with respect to the saccharin 
and the amide, the total concentration of saccharin, 
as a function of free amide concentration, C, can be 
expressed mathematically as 

5, = 5„ -f iv,S„C -h A' 2 S„C’ (Eq. 3) 
or 

5, - = K'C A''C’ (Eq. 4) 

where K' = KiSo and K" = K;So. 

Since complexing is weak in these systems, it 
may be assumed that the total concentration of the 
amide, Ct, is approximately equal to the concen- 
tration of the free amide. 

Equation 4 can be rewritten in the following form 

5, - = K'C. + K"C,"- (Eq. 5) 

The values for the constants K' and K" were 
obtained by making a plot of 5( — So/Ct against Ci. 
This plot gave a straight line with an intercept of 
K' and a slope of K”. The values obtained are 
tabulated in Table I and they were used to calculate 
the theoretical lines of Fig. 2. The points in Fig. 2 
represent experimental values. It is recognized 
that in these solvents saccharin may be present 
as a dimer; however, the order in which the appar- 
ent values for Ai and Aj increase and their relative 
magnitudes should not be affected since the thermo- 
dynamic activity of saccharin is a constant. 


Table I. — Apparent Stability Constant for 
Assumed 1:1 and 1:2 Complexes in Carbon 
Tetrachloride-Alcohol Solvent Systems 


Ethyl 

Alcohol 

Content, 

% by 

Volume 

K. 

K' 


K” 

20 

2 0 

0.13 

1 2 

0 08 

10 

3 5 

0 11 

2 5 

0 OS 

5 

6 0 

0 10 

6 0 

0.10 

0 

73 

0 06 

220 

0.18 


The intent of the above calculations was not to 
obtain absolute values for Ai and K-i but rather to 
ascertain relative values by which the systems could 
be oualitatively compared. From these values, it 
would appear that the apparent complexing tend- 
ency between saccharin and N,N-dimcthylacet- 
amide increases as the competition from a compo- 
nent in the solvent decreases. As one might suspect 
in a competitive system, the effect of alcohol on the 
saccharin-amide complex appeared to be additive in 
the concentration range investigated. It would 
also appear that the alcohol content had a greater 
influence on K« than A|, 

EXPERIMENTAL 

Reagents. — N,N-Dimethylacctamide, Eastman 
Kodak "white label” (4972); carbon tetrachloride, 
reagent grade; benzene, thiophene free; ethanol. 
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absolute, analytical grade; and sacharin U. S. P., 
recrystallized from acetone, m. p. 226-228°. 

Procedure. — Excess quantities of saccharin were 
placed in 10-cc. Kimble clear-glass ampuls. Vary- 
ing volumes of a standard amide solution and suffi- 
cient solvent to make 10 cc. were added. Witli 
benzene, prior to sealing, the ampuls were placed 
in a mixture of dry ice and acetone to solidify the 
contents. This procedure prevented loss of the 
solvent and reduced the fire hazard during the seal- 
ing operation. The sealed ampuls were agitated for 


forty-eight hours in a constant temperature bath at 
30°. After equilibration, aliquot portions of the 
supernatant liquids were removed and diluted with 
95% alcohol for spectrophotometric analysis af 
285 m/i. 
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The Preparation and Use of Radioiodinated Congo 
Red in Detecting Amyloidosis* 


By MANUEL TUBIS, WILLIAM H. BLAHD, and ROBERT A. NORDYKE 

Congo red concentrates in amyloid tissue. This study was undertaken to prepare 
a radioactive Congo red which would concentrate in amyloid, permitting external 
counting and, thereby, scanning and localization, as well as blood concentration 
measurement. Two methods were used to trace-label the dye to an adequate specific 
activity for such studies. Injection into guinea pigs with amyloidosis resulting 
from induced chronic scurvy indicated deposits and radioactivity in the liver and 
other organs. The “tagged" dye shows promise for locating amyloid and may serve 
as a means for evaluating drugs for the resorption of amyloid. The method of 
direct radioiodination is applicable to other similar chemical compounds. 


■'he object of this study was to trace-iodinate 
Congo red so that the accumulation of the 
dye in amyloid tissue would permit external 
counting and blood disappearance measurements. 

External counting would also permit the de- 
lineation of the deposits and provide a means for 
evaluating drugs which might cause a massive 
resorption of the deposits. 

Amyloid is a carbohj'drate, lipid, and protein 
complex which is deposited in vital organs fol- 
lowing prolonged, infective, and tissue-destructive 
processes and may affect the structure and func- 
tions of these organs. Most typical amyloid is 
stained by Congo red and its fixation and reten- 
tion is the basis for a presently used clinical test 
for amyloidosis. The test measures the unab- 
sorbed circulating dye and requires several veni- 
punctures and colorimetric determination of 
plasma concentration (1). These procedures 
would be eliminated by a satisfactory method of 
measruing blood concentration by external count- 
ing over a representative vmscular bed, such as 
the side of the head. 

* Received August 21, 1959, from the Radioisotope Service, 
Veterans Administration Center, Los Angeles, and the 
Departments of Radiology and Medicine, University of 
California Medical Center, Los Angeles, Calif. 

Presented to the Scienti6c Section, A. Ph. A., Cincinnati 
meeting, August 1959. 


Two methods of labeling the dye were devised. 
The first was based on the method of Martin and 
Bang (2), who prepared tetraiodinated Congo red 
as a radiographic opaque medium using stable 
iodine. The second method was that of direct 
iodination of the dye using and I’^. 

A suitable test animal for m vivo localization 
was required and it had been reported (3, 4) that 
guinea pigs maintained on subminimal daily 
amounts of vitamin C low enough to produce 
chronic scurvy, develop amyloidosis. The dis- 
tribution of Congo red in such animals as well as 
in normal guinea pigs was studied. 

EXPERIMENTAL 

Synthesis I of I”’-labeled Congo red was based 
on that of Martin and Bang (2). Benzidine was 
trace-iodinated using sodium radioiodide, potas- 
sium iodide, and iodine in acid solution. The 
iodinated benzidines were then diazotized a^d^ 
coupled with sodium naphthionate to give a trace- 
iodinated Congo red. 

In a typical preparation, 384 mg. benzidine' 
hydrochloride yielded 291 mg. of mixed, trace- 
iodinated benzidines with a specific activity of 
2.59 nc./mg., representing a 4.5% utilization of the 
original 20 me. used, corrected for two days 
decay during preparation. The product was a 
purplish colored crystalline mass which did not 
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melt at 300°; insoluble in water, carbon tetra- 
chloride, or acetic acid but soluble in methanol 
and ethanol. 

The labeled Congo red was prepared by diazotizing 
( the radioiodinated benzidines and coupling with 
> sodium napththionate. The dye was extracted 
and when finally purified had a specific activity of 
0,22 (ic./ing. The iodine content by the Kingsley 
and Schaffert micromethod (5) ivas 17,5% whereas 
. the iodine content of a tetraiodinated Congo red 
would have been 42.3%, as reported by Martin 
and Bang (2), This indicated that our Congo red 
had, on tlie average, onh' 1 atom 1 per molecule. 
The yield of finally purified dye was only 34 mg. or 
8.9% of the iodinated benzidines used and the 
activity represented only 0.4% of the original 
im activity used, corrected for decay. 

Synthesis II of l'’'-Labeled Congo Red. — In order 
to obviate the necessary shielding and manipula- 
tion as tvell as the time-consuming procedures 
which resulted in low yields and loss of activity of 
radioiodine, a second synthesis was devised. In- 
asmuch as the same positions in the benzidine 
moiety of the dye were assumed to be available for 
iodination, “direct iodination,” using I*®', of the 
pure dye was tried, and found to yield a pure 
product of high specific activity, capable of rapid 
preparation and purification. In this method, 
Congo red U. S. P. in alcoholic suspension was 
iodinated with a chloroform solution of I‘” of 
high specific activity in the presence of iodine mono- 
chloride and the final dye washed with appropriate 
solvents, after which adsorbed iodine was removed 
by dialysis or anion exchange. This reaction is 
shown in the following equation: 

SYNTHESIS R 


CONGO RED 



The radioiodine is shown to be in the 3, 3', 5, 
and 5' positions but since it is trace-iodinated, it 
may be in any one or more of these positions in 
any of the molecules. 

A typical preparation was as follows: 85 mg, of 
^ Congo red XJ. S. P. was suspended in 30 cc. absolute 
• ethanol, in a 100-cc. round-bottom flask connected 
by a ground-glass joint with a reflux condenser. 
In a 25'Cc. Squibb-type separator were placed 
2 cc. of water-washed chlorotorm which had 
been dried over anhydrous sodium sulfate. To 
the funnel were then added 0.33 cc. of 0.01 ilf 
potassium iodide solution, 0.20 cc. of 2.5 M hydro- 
cliloric acid, and 0.10 cc. of M sodium nitrite and 


approximately 40 me. I'®' solution iu a volume of 
1 to 3 cc. The funnel was swirled to mix the aqueous 
layer, then shaken vigorously to extract the lib- 
erated I'®‘ and I’^’ by the chloroform. The chloro- 
form solution was drained carefully into another 
similar funnel, avoiding any of the aqueous super- 
nate, and the addition of similar quantities of the 
reagents except the I”' was repeated. The funnel 
again was shaken and the second chloroform extract 
combined with the first, and washed with tivo or 
more 2-cc. portions of water until the pH was not 
less than 5 to 5.5 (test paper). The chloroform 
solution was added to the flask containing the Congo 
red and to this was added 0.2 cc. of a chloroform 
solution containing 0.0163 mg. of iodine mono- 
chloride. The condenser was attached and the 
contents actively refluxed in a water bath for eight 
to twelve hours. At the end of this time, the 
condenser was removed and the solvents evaporated 
nearly to dryness in a well ventilated hood. The 
pasty residue was loosened and transferred to a 
small M-porosity sintered-glass filter with the 
aid of 20 cc. of water-washed, dried chloroform 
and further washed with 20 cc. of a mixture of three 
volumes of ethyl ether and one volume absolute 
ethanol, saving all washes for decay and safe 
disposal. The dye was air dried. The recovery 
was practically quantitative. 

The dye contained small quantities of adsorbed 
jist ^vhich were removed by dialysis rs, multiple 
4-L. changes of distilled water adjusted to pH 7.2 
to 7.6 and containing about 1 mg. sodium iodide. 
Dialysis was continued until a 5-cc. portion of the 
diaiysate showed a count of one to two times 
that of background, usually requiring 10 or so 
dialysis periods of one hour each. The per cent 
dialyzable I'®’ of the final dye was ca. 0,5% of the 
total activity. 

An alternate, preferable procedure for the re- 
moval of adsorbed I‘^’ was the use of a column of 
anion exchange resin Amberlite IRA-400' in either 
the OH or Cl form, analytical grade, 30-50 mesh. 
The resin was prepared by first washing until the 
wash water was color free, then completely satur- 
ating with dye by soaking in 1% Congo red U. S. P. 
for several days. The column was made of 4- 
mm. glass tubing i. d., 35 cm, long, and contained 
ca. 1 Gm. of the dried, prepared resin. The column 
was washed with 1% Congo red solution just prior 
to use and then the labeled dye in i% concentra- 
tion passed through. No abstraction of labeled 
dye occurred. A single passage removed unbound 
I'®' iodide as evidenced by later dialysis, ascending 
paper chromatography in 70% alcohol, and radio- 
autography. The pH of the effluent labeled dye 
was 9.5 after use of the IRA-400 (OH) form and 
7.1 to 7.5 after IRA-400 (Cl) form and the pH 
was adjusted to meet U. S. P. XV requirements of 
Congo red injection, i. c., 7,0 to 9.0. The dj’c solu- 
tion ivas sealed in serum vials and sterilized in 
boiling water for thirty minutes. 

The acute intravenous toxicity LDjo was 3,8 
mg./20 Gm. mouse, as determined by an independ- 
ent laboratory in a manner similar to that of 
Somers and Whittet (0). 

By the direct iodination method, in one run, the 
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specific activity of the final purified dye was 22.1 
pc./mg. and the iodine content was 0.52% (5), 
indicating a ratio of 1 atom iodine per 35 molecules 
of dye. In this run, the final weight of unpurified 
dye was 91.4 mg. obtained from 85 mg. Congo red 
originallj^ used. This represented a utilization of 
5.2% of the I’®' used, when corrected for decay. 
The average specific activitj' of the resin-purified 
material was 9.7 pc./mg. The purified dye was 
found to have the identical absorption maximum, 
i. e., at 500 m/i, solubilities and chromatographic 
behavior as the unlabeled dye. 

Studies of Distribution in Scorbutic and Normal 
Guinea Pigs.^ — Male guinea pigs weighing from 200 
to 400 Gm. were divided into groups of normals 
and those to be fed a chronic scorbutogenic diet. 
The normals were fed ad libitum an adequate diet 
consisting of Rockland guinea pig diet ("C” Fort- 
ified)^ which contained "vitamin C fortified to 
guarantee 8 mg. dailj'” per pound. In addition, 
these controls were given adequate daily supple- 
ments of vitamin C orall}', approximately 6 mg. 
The daily weight gain was 4 to 6 Gm. and thc 3 ' 
thrived. 

The "scurvy” guinea pigs were fed ad libitum a 
scorbutogenic diet of Rockland rabbit ration^ 
which contained "vitamin C, inherent trace.” 
In addition, thej' were given vitamin C orally, 0.1 
to 0.2 mg. in one series and 0.4 to 1.0 mg. in a 
later series, to maintain the animals in the chronic 
stage of the disease. 

When the vitamin C-deficient guinea pigs showed 
one or more of the symptoms of scurvy, thej' were 
maintained for periods of one to three weeks so as to 
prolong the disease and allow the development of 
amyloidosis. The average number of days on the 
scorbutogenic diet was twenty-four in one series 
and thirty-eight in a later series. 

When the animals were considered suitable for 
the test, the normal and chronically scurvy animals 
were weighed and injected intraperitoneally with 
NembutaP at the dosage of 12 mg./454 Gm. fol- 
lowed bj' the labeled Congo red at the dosage of 
1 mg./454 Gm. body weight, the human dosage 
suggested by Unger, et al (1). The doses ad- 
ministered varied from 0.43 to 1.29 mg., in volumes 
of 0.11 to 0.42 cc., and represented 0.96 to 8.82 
tie. These were injected into a femoral or visceral 
vein after exposure. Later, it was found more 
convenient to inject via a lateral vein in the penis. 
This prevented contamination of the viscera and 
counting of this organ showed that verj' little of the 
dose remained at the site of injection. Serial blood 
samples were taken from the heart or hepatic veins 
at earl}' times of the order of two to five minutes 
after injection, and thereafter at intervals such as 
ten, twenty, and thirt}' minutes, and at sacrifice, 
which was thirty to forty minutes for the first 
series and forty to fifty-five minutes for the second 
series. The guinea pigs were killed by exsanguina- 
tion, and at post-mortem the organs were removed 
and weighed. Their gross appearance was noted 
and sections were taken for microscopic studies as 
well as for weighing in capped counting tubes for 
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radioactivity estimations in a well-type scintillation 
counter.® The radioaetivities of the organs and 
fluids were calculated on the basis of counts/ 
minute/Gm. or counts/minute/cc. From these 
values were calculated the per cent of injected 
dose for normal and scorbutic guinea pigs in Table 
I. 

A summary of the qualitative difference between 
normal and scorbutic animals would be as follows; 
the distribution of labeled Congo red is generally in 
the same range with considerable overlap e.xcept 
for liver, lung, and thyroid which seems to be about 
twice as high in the scorbutic. 

In some of the scorbutic animals, the livers were 
perfused and retained their radioactivity despite 
the removal of the blood. Grossly, sections were 
visibly stained by the dye which ivas more visible in 
long-time frozen slices. The spleen and adrenals 
of the scorbutic animals were usually enlarged and 
abnormal in texture but had only as much activity 
per Gm. as the normals. The liver of the scorbutic 
animal had a greater activity than the normal, 
but the kidney activity was of the same order. 
According to Anderson (7) the adrenals and spleen, 
as ivell as liver and kidney, are the organs most 
frequently the site of deposition of amyloid. Rich- 
ardson (8) using very much larger doses of un- 
labeled Congo red in rabbits and cats indicated 
that the dye in "the liver, spleen, lungs, kidneys, 
skin, and so on, is partially bound, physically or 
chemically, by some cellular or noncellular constit- 
uent, otherwise its concentration would remain in 
equilibrium with that of the blood.” This is con- 
firmed by our data. 

A comparison of the clearance of our labeled dye 
from the blood of normal and scorbutic animals 
shows some variance with that reported in the 
literature. Both our normal and scorbutic animals 
showed about 80% removal from the blood be- 
tween thirty-five to fifty-five minutes. This is in 
general agreement with Knorpp, et al. (9), who 
prepared Congo red labeled with S’® and used this 
in human subjects and reported 85% removal in 
ten to thirty minutes, indicating that injected 
small amounts are removed rapidly. Richardson 
(8) showed that rabbits injected intravenously 
with 50 mg./Kg. cleared approximately 25% from 
the blood in the first hour, despite this high dosage 
level. This agrees with Bennhold (10) who re- 
ported a 20% removal in man in the first hour, with 
a dosage level of 100 mg. Unger, et al. (1), using 
a dosage level of 1 mg. per pound of body weight in 
normal human subjects, reported 14% removal in 
the first thirty minutes, and 76% removal in the 
case of amyloid patients. 

The variance of our results from those of Richard- 
son (8) may be explained, aside from a species differ- 
ence, by the dosage levels, wherein he administered 
23 mg. per pound of body weght to rabbits and 
204 mg. per pound to cats. Our dosage level of 1 
mg. per pound, the common human dosage, might 
be considered "physiological” and did not cause 
“overloading” of the excretory systems. 


* Tubes used were screw-cap culture tubes IG X 125 mm. 
The crystal used was 2X2 inches, sodium iodide, thallium 
activated. The scaler was SC-5i Autoscaler, Tracerlab, 
Boston, Mass., and had four SC-41T binary plug-in units. 
The input circuit had a 1 microsecond resolving time. In a 
5-cc volume, samples had ca, 700,000 counts/minute/ 
microcurie of I*’’, 
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Table I. — Per Cent Injected Dose of Congo Red-I‘®' Per Gm. of Tissue or cc. of Fluid 




.w . 


„ ; 

Tissue 

Average 

Range 

Average 

Range 

Blood 2'-5'» 

1 65 (3)*' 

1.50-2 17 

1 63(8) 

0 92-2.74 

Blood 30'-40'‘’ 

0.78(4) 

0 57-1.16 

0 78(8) 

0 59-1 22 

Liver 

1 76(4) 

0 35-2 95 

4 31 (10) 

2 03 -7 28 

Kidney 

0 42(4) 

0 22-0 61 

0 37(10) 

0 20 -0 61 

Spleen 

3 26(4) 

1 27-6 22 

2 08(10) 

0 39 -5 36 

Adrenals 

0 53(4) 

0 32-0 73 

0.68(10) 

0 26 -1 92 

Thyroid 

0 21(3) 

0 10-0 28 

0 44(8) 

0 11 -1 50 

Brain 

0 03(2) 

0 03 

0 04(4) 

0 03-0 05 

Bile” 

0 85(4) 

0 39-1 41 

1 40(7) 

0 14-3 57 

Lung 

0 61(2) 

0 54-0 68 

1 03(5) 

0 47-1 so 

Leg muscle 

0 08(2) 

0 06-0 10 

0 09(5) 

0.007-0 20 

Heart 

0 30(2) 

0 24-0 35 

0.30(5) 

0 16-0 38 

Urine” 

0 13(4) 

0 01-0 32 

0 06(8) 

0 002-0 27 


o Fluids, values given per cc 

b Tile number in the parentheses is the number o{ animals whose tissues were averaged 


The use of labeled Congo red provided a means of 
confirming the observations of others regarding the 
urinary elimination of the dye. Harmon, et al. 
(11), reported urinary excretion following intra- 
venous inj'ection. Unger (1), on the basis of an 
accurate extraction procedure, found only a faint 
trace of the dye. Richardson (8) reported a slight 
undetermined amount in rabbit urine and none in 
cat urine. Reference to Table I shows that vari- 
able, small but discrete amounts of activity are 
eliminated via the urine That this activity is not 
due to liberated I'^i from metabolized dye is borne 
out by the fact that normal guinea pigs injected 
with an equal number of counts of Nal‘’‘ showed a 
urinary activity greater than any of the dye- 
injected normal or scorbutic animals Additional 
confirmation that the activity in urine was not due 
to liberated is borne out by the relatively low 
count in the thyroid glands of dye-injected guinea 
pigs compared with those animals injected with the 
same number of counts of U’‘, in which the urine 
was higher than the average of all the experimental 
animals on labeled dye, and very many times 
higher than most. The thyroid count of the 
animals injected with I'®' was 4 to 20 times higher 
than either the normal or scorbutic animals injected 
with labeled dye Incidentally, reference to Table 
I shows that the thyroid of the scorbutic animals 
was twice that of the normals Our results con- 
firm Richardson (8), that a blood-brain barrier to 
the dye seems operative 

Histological examination of the kidney and liver 
samples of some of the scorbutic animals indicated 
very slight deposits of amyloid-like substance which 
took the specific stains 

DISCUSSION 

The use of trace-labeled Congo red permits physio- 
logical studies of the localization of the dye in 
^ amyloid tissue as well as its normal distribution and 
t excretion It was felt by the authors that one of 
' the reasons that the tetraiodinated Congo red of 
Martin and Bang (2), who attempted to use this as 
a radiopaque substance, may have failed to localize 
sufficiently in amyloid tissue, was due to the changed 
physiological behavior of the heavily iodinated 
molecule. Our clearance rates from the blood are 
similar to those of Knorpp (9) whose congo red was 
only trace labeled with S“. 


The guinea pig was chosen for these expeii- 
ments because it was felt that the induced chronic 
scurvy and resultant amyloidosis would make it an 
almost ideal test animal However, it has been 
shoivn that only when the scurvy is prolonged is 
the formation and deposition of amjdoid accom- 
plished Mice injected subcutaneously with solu- 
tions of sodium caseinate (12) over periods of 
several months develop amyloidosis and these are 
being prepared for confirmatory studies 

SUMMARY 

Two syntheses for the preparation of labeled 
Congo red containing have been described 
The identity and purity has been established by 
spectrophotometry, chromatography, and radio- 
autography The method of “direct iodination’’ 
was applied successfully to trypan blue(l3). 
Studies were made of the blood disappearance, 
tissue distribution, and excretion in normal and 
scorbutic guinea pigs. The feasibility of external 
counting as a means of measuring blood disap- 
pearance and localization has been demonstrated. 
Some of the observations regarding the distribu- 
tion of the dye have been confirmed. 
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An Investigation of Coprinus atramentarius for the 
Presence of Disulfiram* 

By J. K. WIERt and- V. E. TYLER. Jr. 

Coprinus atramentarius Fries was grown in surface culture on selected media. The 
quantity of mycelium formed was small, no carpophores were produced. Addition 
of a low concentration of disulfiram to cultures of the fungus had no apparent effect 
on the development of the organism, and the added disulfiram disappeared from the 
cultures within sixty days Concentrated extracts of the media and mycelia of the 
cultures of the fungus, as well as extracts of naturally-occurring carpophores, were 
investigated for the presence of disulfiram by means of a paper partition chromato- 
graphic method. It is concluded that the disulfiram-like physiological activity which 
was exhibited by the naturally-occurring carpophores of C atramentarius is due to 
some agent other than disulfiram. 


Tt has long been known that ingestion of the 

mushroom Coprinus atramentarius Fries and 
the subsequent ingestion of alcohol gives nse to 
ph} siological sjnnptoms very similar to those of 
the alcohol disulfiram syndrome Reports of 
Coprmus-sXco\io\ poisoning are common in the 
mycological literature (1-5) and antedate con 
siderably the discovery of the alcohol disulfiram 
syndrome The remarkable similarity between 
the two types of poisoning has given rise to con 
siderable speculation that disulfiram might exist 
in C atramentarius (4) 

In 1956 two Czechoslovakian investigators, 
J SimandlandJ Franc (6), reported the isolation 
of disulfiram from C atramentarius They ex 
tracted autolyzed carpophores of the fungus with 
carbon tetrachloride in the cold, evaporated the 
carbon tetrachloride extract, and extracted the 
resulting residue with anhydrous methanol 
Evaporation and recrvstallization yielded a crys 
tallme substance with a melting point of 70 5°, 
the melting point of disulfiram, and this sub 
stance had the properties of disulfiram when sub 
jected to paper partition chromatographic proce- 
dures They did not attempt a quantitative 
determination 

Since the physiological action of the combina 
tion of alcohol and C atramentarius sug- 
gested the possible presence of disulfiram in that 
fungus, and since the presence of disulfiram in the 
fungus had been reported by Simandl and Franc, 
It seemed of interest to determine if quantities of 
the organism could be produced successfully in 
culture and if the fungus would produce disul 
firam when so grown The culture of C atramen- 
tarius used to initiate this investigation was ob 


*Recei\ed September 25 1959 from the College of 

Pharmacj Uni\ersit> of Washington Seattle 5 

t Abstracted from a dissertation submitted to the Gradu 
Tte School of the University of Washington b> J K Wier in 
partial fulfillment of the requirements for the degree of Mas 
ter of Science 


tamed from the Centraalbureau voor Schimmel- 
cultures, Baarn, Holland 

Although numerous hymenomycetes, including 
a number of Coprinus species, have been success 
fullj grown in the laboratory, a recent review (7) 
revealed that the culture of C atramentarius had 
been studied by only one investigator, C H 
Chow (8) 

A number of media have been employed for 
culture of Coprinus species (9-13) Fresh horse 
dung or extract of fresh horse dung, alone or in 
combination W'lth other nutrients, was the sub- 
strate most commonly used Chow used fresh 
horse dung as well as other media in his cultures 
of C atramentarius He maintained only a few 
cultures of this fungus, as the spores germinated 
with difficulty and in low percentage, and he re- 
ported that the organism did not produce normal 
carpophores in artificial culture 

During the course of the present investigation 
it became obvious that C atramentarius was not 
producing disulfiram when groivn on the media 
employed, and it was decided to investigate the 
effect on the development of the fungus of adding 
disulfiram to the culture medium 

Locally-occurring carpophores of C atramen- 
tarius were also investigated for presence of disul- 
firam In the spring of 1957 a case of typical 
Coprinus alcohol poisoning had occurred in 
Seattle, Washington (14) The victim, R Levin, 
a University of Washington student, obtained the 
mushrooms which he ate from the exact site as 
that from which the mushrooms employed m this 
investigation were obtained The grow'th habit 
of C atramentarius is such that all these carpo 
phores may be presumed to have arisen from the 
same mycelial source Identification of the 
naturally occurring carpophores of C atramen- 
tarius emplo} ed in this investigation was made bv 
Professor D E Stuntz, Department of Botanj, 
University of Washington 
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EXPERIMENTAL 


Culture of the Organism. — Seven media were 
originally employed for culture of C atramcntarius 
on a small scale These were either media used 
previously for culture of macrofungi by other inves- 
tigators or modifications of such media made by the 
authors in an attempt to improve the development 
of C. atramcntarius The media employed were the 
following: 


Medium No I 


Mannitol , 

2 

0% 

Casein hydrolj'sate 

1 

0% 

FeSOr7HaO . 

0 

01% 

Basic nutrient solution (15) 

10 

0% 

Distilled water 

? 

s 

This medium was used for the culture 

of 

various 


strains of Claviccps purpurea {15), and it has recently 
been employed for the culture of Panaeolus campanti- 
latus hyV E Tyler. Jr (16) 


Medium No 2 


Glucose . 

2 0% 

Casein hydrolysate 

1 0% 

FeS0,-7H20 

0 01% 

Basic nutrient solution (15) 

10 0% 

Distilled water 

q s 

Medium No 3 


Glucose 

2 0% 

Casein hydrolysate 

1 0% 

Yeast extract 

1 0% 

FeSO^-TH-O 

0 01% 

Basic nutrient solution (15) 

10 0% 

Distilled water 

q s. 


Medium No 4 

This consisted of Medium No 3 to which thiamine 
hydrochloride (200 meg /L ) was added. 


Medium No 5 (Modified McCrea's 

medium) 

Maltose. . . 

1 25% 

Peptone 

0 125% 

Yeast extract 

1 25% 

KHjPO, 

0 25% 

MgS04-7Hj0 

0 125% 

Distilled water 

9 ^ 

This medium has been employed for the culture 
of Claviceps purpurea (17) and gave satisfactory de- 
velopment of C atramenlanus in slant tube cultures. 

Medium No 6 (Modess medium) 

Glucose 

0 5% 

Malt extract 

0 5% 

KHjPOi 

0 05% 

MgSOr7HjO 

0 05% 

NB,C1 

0 05% 

FeCU . . 

0 005% 

Distilled water 

9 -s 

This medium has been used by the Centraalburcau 
voor Schimmelcultures for the culture of Boletus 

lurtdiis and Amanita muscana (18) 


Medium No 7 


Maltose 

0 5% 

K.HPOi 

0 025% 

MgSO<-7H.O 

0 05% 

Ca(NOs).-H 50 

0 05% 

Horse dung extract 

33 33% 

Distilled water. . . 

9 


The horse dung e.vtract was prepared by boiling 
1 Kg of fresh horse dung with 1 L. of water for five 
minutes, straining, and filtering the product, and 
making to a volume of 1 L. with water. This me- 
dium was used by Bille-Hansen (12) for the culture 
of a number of Coprinus species. 

For the small scale cultures, 125-ml portions of 
the various media were introduced into Roux-type 
culture flasks. These flasks of media were then 
sterilized by autoclaving, cooled, and inoculated with 
the fungus The inoculated flasks rvere placed in a 
constant temperature cabinet maintained at 25° 
±1° The cabinet had glass doors, and the cul- 
tures were exposed to the indirect artificial illumina- 
tion of the room in which the cabinet was located 
The most rapid growth of the organism occurred in 
medium No 7, the horse dung extract medium, and 
it was selected for routine use. 

Subsequent cultures were maintained in both the 
Roux-type culture flasks and in diphtheria toxin 
culture bottles, the latter containing 1,200 ml of 
medium These cultures were also kept in the con- 
stant temperature cabinet All cultures were har- 
vested when visible growth of mycelium had ceased, 
a period of sixty to ninety days 

The medium of each culture was separated from 
the mycelium by straining through a coarse mesh 
sieve and was then processed to determine the pres- 
ence or absence of disulfiram The mycelium so 
collected was placed in porcelain evaporating dishes 
and dried in a forced air oven at 45° for three days. 
The mycelia from cultures grown on the same me- 
dium and inoculated on the same day were com- 
bined and weighed The dried mycelium was then 
investigated for presence of disulfiram 

The development of the fungus was very sparse 
in all the media Table I presents a summary of 
data on the growth of the fungus in the seven media, 
and the ratios of weight of dried mycelium to volume 
of medium 


Table 1 —Mycelial Yields of Coprinus atramen- 
tarius Obtained in Different Media 




Volume of 

Total 

Weight 

Dry 

Weight 

of 

Mycelium, 

Me 

No of 

Medium 

Dried 

rag /ml 

dtura 

Cul- 

Processed, 

Mycelium, 

of 

No 

lures 

L 

Gm 

Medium 

1 

12“ 

1 500 

0 99 

0 66 

2 

8“ 

1 000 

0 75 

0 75 

3 

8“ 

1 000 

0 82 

0 82 

4 

8“ 

1 000 

0 64 

0 64 

5 

16“ 

2 000 

1 47 

0 74 

6 

8“ 

1 000 

0 65 

0 65 

7 

19" 

2 325 

2 40 

1 03 

7 

IS'’ 

15 600 

12 05 

0 77 


« Roux flask cultures ^ Diphtheria toxin flask cultures 


To determine whether disulfiram had any effect 
upon the growth of C atramcntarius, twenty 250-ml. 
Erlenmeyer flasks containing 75 ml. of medium No. 7 
to w'hich 0 167 mg % of disulfiram had been added 
were inoculated wdtii the fungus The concentra- 
tion of disulfiram w-hich could be added was limited 
by its extremely low' water solubility. Another 
scries of 10 flasks of medium No. 7 to which no di- 
sulfiram was added was inoculated with the fungus. 
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An additional 10 flasks of medium No. 7 containing 
the disulfiram were prepared but not inoculated. 
The two series of flasks which had been inoculated 
with the fungus were harvested at the end of sixty 
days. The total weight of dried mycelium from the 
20 cultures with added disulfiram was 2.55 Gm. 
(1.70 mg. m 3 ’celium per ml. of medium). The total 
weight of the dried mjxelium from the 10 cultures 
with no added disulfiram was 1.30 Gm. (1.73 mg. 
mjxelium per ml. of medium). The added disul- 
firam apparentlj' had no effect on the development 
of the fungus. 

Five of the 10 flasks of uninoculated medium con- 
taining added disulfiram were tested for the presence 
of that compound shortl 3 ^ after they were prepared. 
The other five flasks of medium in that series were 
similarly tested after sixt 3 ' days. Disulfiram was 
detected in both cases. Apparentl 3 ’ prolonged solu- 
tion in the medium did not cause significant decom- 
position of the disulfiram. Neither the medium nor 
mycelium of the 20 cultures to which disulfiram had 
been added contained detectable quantities of disul- 
firam at the end of the sixt 5 ’-da 3 ^ growth period. 
The fungus had apparentb' decomposed the added 
disulfiram. 

When medium No. 7 which had been solidified 
by the addition of 2% agar was inoculated with the 
fungus, a sparse feather 3 ' growth of mycelium oc- 
curred. Small darkened areas of mycelial compac- 
tion occurred which exuded a small amount of liquid 
similar in appearance to the honeydew of ergot. No 
carpophores were produced. 

Detection of Disulfiram. — Disulfiram was sepa- 
rated from semipurified extracts b 3 ' paper partition 
chromatography and rendered visible on the slieets 
by treatment with a suitable reagent. An attempt 
to utilize the general procedure of Divatia, Hine, 
and Burbridge (19) for the spectrophotometric 
determination of disulfiram in blood proved un- 
successful when applied to disulfiram in medium 
No. 7. 

The chromatographic procedure chosen was a 
modification of that empl 03 'ed b 3 " Simandl and 
Franc (6). Sheets of Whatman No. 1 filter paper, 
22 cm. X 56 cm., were immersed for a few seconds 
in a mixture of kerosene and benzene (1 to 9). The 
sheets were allowed to air-dr 3 ' for five minutes and 
were then reimmersed in the kerosene-benzene mix- 
ture. After another five minute dr 3 ’ing period, 
spots of the solutions to be investigated were applied 
along a line 12 cm. from one end of the kerosene- 
impregnated sheets of paper. Total amounts of 
solution var 3 'ing from 0.25 to 0.50 ml. were applied 
to the spots in successive 10- to 20-iiL. portions. 
Each portion was allowed to dr 5 ' thoroughb’’ before 
the next was applied. The spotted sheets were tlien 
placed in a glass chromatographic chamber, and the 
chromatograms were formed in the descending direc- 
tion with a solvent system composed of 65% ethanol 
in water. The atmosphere of the chamber was al- 
lowed to equilibrate with tlie solvent for twent 3 '-four 
hours prior to the introduction of the chromato- 
grams. After dr 3 ’ing, the chromatograms were 
spra 3 ’ed with a saturated aqueous solution of cuprous 
chloride. As this reagent dried, grcenish- 3 ’ellow 
spots appeared where disulfiram was present. After 
spra 3 ing, these spots appeared dark purple under an 
ultraviolet lamp, but the 3 ' did not fluoresce. 

In this S3-stem, the Rf values obtained for disul- 


firam ranged from 0.70 to 0.74. Tailing tvas not 
objectionable, and the area of the disulfiram spot 
at the end of its travel was no more .than two to 
three times the area of the original spot. A 100-mcg. 
quantit 3 ' of disulfiram applied to the paper could be 
detected rcadib' after formation of the chromato- 
gram 

Each of the concentrated extracts obtained from 
medium, m 3 'celium, or carpophores was applied to 
the sheets in amounts of 0.25 and 0.50 ml. Each 
extract was also applied in a mixed spot with a 150- 
mcg. quantit 3 ' of known disulfiram. Control spots 
of disulfiram* were also applied to each sheet. 

Extraction Procedures. — The media of all cultures 
in a given series, i.e., those cultures of the same 
medium which had been inoculated on the same da 3 ', 
were combined after harvesting the m 3 'celium. Each 
L. of medium was subjected to four successive ex- 
tractions of five minutes duration with 200-ral. 
portions of chloroform. The four chloroform ex- 
tracts were combined and allowed to evaporate 
spontaneousb'. The small amount of residue was 
redissolved in 5 ml. of chloroform per L. of medium 
and tested for presence of disulfiram. 

The dried m 3 'celium from each series of cultures 
was ground to a moderateb’ coarse powder in a mor- 
tar, packed into a micropcrcolator, and extracted 
exhaustivci.v with chloroform. This percolate was 
allowed to evaporate spontaneousb', and the result- 
ing residue was redissolved in 2 ml. of chloroform per 
Gm. of m 3 'celium extracted. This coneentrated 
extract was then tested for presence of disulfiram. 
No disulfiram was detected in either the medium or 
the m 3 xelium of any of the cultures. 

Carpophores of naturalb’-occurring C. alramen- 
tarius arising from the same m 3 ’celial source as those 
which had caused typical Coprmus-aXco\\ol poison- 
ing in R. Levin were investigated for the presence of 
disulfiram. A total fresh weight of 6.1 Kg. of mush- 
rooms was processed b 3 ' a method similar to that 
reported b 3 ' Simandl and Franc (6). The mush- 
rooms tvere allowed to autob'ze for two da 3 ’s and 
were then reduced to a mash in a Waring Blendor. 
This mash was subjected to four successive extrac- 
tions of five minutes duration with 300 ml. of carbon 
tetrachloride per Kg. of fresh mushrooms. The 
solids were separated from the solvent after each 
extraction b 3 ^ centrifugation. The combined carbon 
tetrachloride extracts were filtered and allowed to 
evaporate spontancousl 3 '. The fatt 3 ' residue re- 
maining was mixed with clean sand, packed into a 
glass percolator, and extracted exhaustivel 3 - with 
anh 3 -drous methanol. The methanol percolate was 
evaporated to dr 3 ’ness under vacuum at 30°. The 
slight gumm 5 ^ residue obtained in this wa 3 - was re- 
dissolved in 10 ml. of anh 3 'drous methanol per Kg. of 
fresh carpophores processed. No crystalline ma- 
terial was obtained. These extracts were purified 
b 3 ' chromatographing in the manner previousl 3 ' de- 
scribed and eluting with anh 3 'drous methanol the 
area which corresponded to the area where known 
disulfiram appeared on the same chromatograms. 
The.se purified extracts were then rechromato- 
graplied. No disulfiram was found in an 3 ’ of the 
carpophore extracts. 


* Authentic disulfiram supplied througli tile courtesy cf 
Ayerst Laboratories, New York, N. Y. 
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In order to ascertain if the extraction procedures 
which were employed would actually recover di- 
sulfirani, a quantity of that compound was added 
to a quantity of naturally-occurring carpophores of 
C. alramcnlarius. An 800-Gin, quantity of fresh 
mushrooms was reduced to a mash in a Waring 
Blendor, and 0.01% of disulfiram was added to one- 
half of the mash. After two days both portions of 
the mash were processed. The portion to which no 
disulfiram was added gave no test for disulfiram. 
The portion to which disulfiram was added was ex- 
tracted, and the residue was dissolved in 10 ml. of 
anhydrous methanol. Fifty microliters of this con- 
centrated extract were chromatographed and gave 
a color reaction with saturated cuprous chloride solu- 
tion of greater intensity than 100 meg. of known 
disulfiram. This indicated that the 10 ml of ex- 
tract contained over 20 mg, of disulfiram. The 
extraction procedure was therefore more than 50% 
efficient. 

DISCUSSION 

The quantities of mycelium produced by C. atm- 
Dieiilarins when cultured on the seven media em- 
ployed were extremely small. Medium No. 7, the 
horse dung extract medium, gave a slightly higher 
yield of the fungus than anj' of the other media 
tested. The small darkened areas of mycelial com- 
paction which were observed when the fungus was 
grown on solid medium were similar to the structures 
described by C. H. Chow (8) as rudimentary carpo- 
phores; however, no true carpophores were pro- 
duced. 

The processes of extraction employed were shown 
to have an efficiency of at least 50%, and the chro- 
matographic technique which was used could readily 
detect a 100-mcg. quantity of disulfiram. Conse- 
quently, the extracts of the culture media must 
have contained less than 0.2 mg % of disulfiram 
or that compound would have been detected. Simi- 
larly, the mycelium extracts must have contained 
less than 80 mg. % of disulfiram, and the extracts 
of the naturally-occurring carpophores must have 
contained less than 0 4 mg, % of disulfiram (fresh 
weight basis). If disulfiram were present in the car- 
pophores at a level just below that which was detect- 
able by the procedures employed, approximately 125 
Kg. of fresh mushrooms would have to be con- 
sumed in order to obtain the ordinary daily mainte- 
nance dose of 500 mg. of disulfiram (20). C. alra- 
menlarius arising from the same mycelial source as 
that investigated by the authors is known to possess 
disulfiram-like physiological activity when eaten in 


ordinary amounts. As the ma' imum possible level 
of disulfiram in the carpophores investigated by the 
authors is far below that which could exert physio- 
logical activity, it must be concluded that the disul- 
firam-like activity of these carpophores is due to 
some other agent present in the fungus. 

The fact that disulfiram did not exist in the C 
alramciitarius investigated does not entirely rule 
out the possibility that a recoverable concentratit.n 
of that compound did occur in the fungus investi- 
gated by Simandl and Franc (6). Such variation 
could be due to several factors. First, the positive 
identification of the black-spored Agarics is ex- 
tremely difficult. One cannot be positive that the 
“Coprinus atramentarhis" investigated by Simandl 
and Franc is identical with the organism investigated 
here. However, such a discrepancy is rather un- 
likelj’. Second, nutritional and environmental 
factors can alter the metabolism of organisms in 
such a way as to change, at least quantitatively, the 
products of that metabolism. Third, various gene- 
tic strains of C. alramcnlarius may exist which differ 
appreciably in their metabolism. The features 
upon which the taxonomy of the Coprini is based are 
chiefly morphological and anatomical in nature 
t’ery little is known of the genetics of these organ- 
isms, and more than one genotype may well exist 
within a single phenotype. 
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Interaction of Preservatives With Macromolecules IV* 

Binding of Quaternary Ammonium Compounds by Nonionic Agents 

By PATRICK P. DELUCAf and H. B. KOSTENBAUDER 


Equilibrium dialysis studies utilizing a semi- 
permeable nylon membrane indicate a high 
degree of association and accompanying in- 
hibition of quaternary ammonium germi- 
cides such as cetylpyridinium chloride and 
benzalkonium chloride with nonionic sur- 
factants such as Tween 80. Cetylpyridinium 
chloride was also found to bind to methyl- 
cellulose, but not to PVP or Polyox. Benzal- 
konium chloride was not bound to methyl- 
cellulose, PVP, or Polyox under the condi- 
tions of this study. 

A LTHOUGH SEVERAL investigators have pre- 
^ ^ seated microbiological data indicating that 
nonionic surface-active agents can interfere with 
the activity of cationic germicides such as the 
quaternary ammonium compounds, te.xtbooks 
and reference works generally do not emphasize 
the high degree of inactivation which can some- 
times occur' in these systems. It has been sug- 
gested that the observed inactivation is attrib- 
utable to a preferential association or binding 
of the cationic agent with the nonionic surfactant 
(1), although no previous data have been pub- 
I'shed which would indicate the magnitude of this 
association. The present work was undertaken 
to obtain quantitative data for the degree of 
binding of several cationic agents by some typical 
nonionics and to compare the degree of binding 
with the degree of inactivation of the cationics. 

Phospholipids such as lecithin have long been 
popular as neutralizing or inactivating media for 
quaternary ammonium compounds in germicidal 
testing (2-7). Quisno, Gibby, and Foter sug- 
gested the use of an inactivating medium con- 
sisting of lecithin and Tween 80, indicating that 
the lecithin was the primary inactivator with the 
Tween acting as a dispersing agent (8). In 1949 
Gershenfeld and Stedman (9) reported their 
obser\'ations on the activity of several cationics, 
including cetjdpyridinium chloride and cetyl- 
trimethylammonium bromide, in the presence of 
varying concentrations of a nonionic surfactant, 
noting enhancement of activity at low surfact- 
ant concentration and inhibition at higher surf- 
actant concentrations. Davies (10) reported 
that a polyethylene glycol cetostearyd ether was 

* Received August 21, 1959, from the School of Pharmacy, 
Temple University*, Philadelphia, Pa. Revised January 
19G0. 

Presented to the Scientific Section, A. Pii. A., Cincinnati 
meeting, August 1959. 

t W'alter G. Karr Fellow, Smith Kline & French Labora- 
tories, Philadelphia, Pa. 


capable of neutralizing the bacteriostatic effect 
of cetyltrimethylammonium bromide and Ritter 
(11) indicated that Tween 80 was capable of 
neutralizing the bactericidal effect of cetylpyr- 
idinium chloride on tubercle bacilli. Barr and 
Tice (12) investigated seven quaternary am- 
monium compounds in the presence of 5% poly- 
oxyethylene 20 sorbitan monostearate and found 
t at only benzalkonium chloride was effective in 
a concentration of 0.1%. Wedderbum (13) in- 
dicated that benzalkonium chloride also was sub- 
ject to inactivation by nonionics, including su- 
crose ester surfactants, under the conditions of 
her studies. Moore and Hardwick (1) presented 
microbiological data on combinations of quater- 
nary ammonium compounds and nonionic sur- 
factants and devoted considerable discussion to 
the relative effectiveness of such combinations. 
Other reports of inactivation are discussed in the 
recent review by Beckett and Robinson (14). 

Studies cited above (1,9) indicate that in very 
dilute solutions of the nonionic surfactants there 
is an enhancement of the effectiveness of the 
quaternarj' ammonium compound, but at higher 
concentrations of the surfactant the activity of 
the germicide is greatly diminished. This is typi- 
cal of the behavior of many germicides in the 
presence of surface-active agents (1, 15, 16). 

In the present study two typical quaternary 
ammonium compounds, cetylpyridinium chloride 
and benzalkonium chloride, were selected to il- 
lustrate the relative magnitude of any interaction 
which might occur between these agents and 
nonionics such as Tween 80, methylcellulose, 
polyvinylpjTrolidone, and high molecular weight 
ethylene oxide poljmers. The particular qua- 
ternary ammonimn compounds used in this study 
were selected principally because both agents 
show absorption in the ultraviolet and thus can 
readily be determined spectrophotometrically. 

EXPERIMENTAL 

Reagents. — Cetylpyridinium chloride (1-hexadec- 
ylpyridinium chloride);* benzalkonium chloride 
U. S. P. (a mixture of alk 3 ddimethylbenzylam- 
monium chlorides in which the alkj-ls range from 
CsHn to CisHa;);^ cetyldimethj’lbenzj’Iammonium 

* Ceepryn Chloride, The Wm. S. Merrell Co., Cincinnati, 
Ohio. 

* Zephiran Chloride, Winthrop-Stearns Inc., New York, 
N. y. 
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chloride,^ Thccu 80/ .i commercial sample and 
also a sample passed through an ion e\change 
column, mcthylceUulose, 15 c p s poljvinjl- 
P 5 rrohdone Pol vox WSR-35 ’ 

To assure that any observed inactivation of 
quaternary ammonium compounds bx Tween 80 
would not be attributable to the presence of un- 
estcrified oleic acid m the Tnceii sample, the Tween 
solution was passed through a mixed-bed ion ex 
change column® to remove traces of oleic acid which 
might be present Quantitative removal of oleic 
acid was established by adding known amounts of 
free oleic acid to Tw een 80 samples and determining 
oleic acid content by potentiometnc titration xvitli 
approximately 0 1 N NaOH before and after pas- 
sage through the ion exchange resin Subsequent 
studies indicated that the contribution of any traces 
of oleic acid in the commercial sample of Tween 80 
to the inactivation of quaternary ammonium com 
pounds was probably insignificant 

Before the polyvinylpyrrolidone was employed 
in the dialy'sis studies, the sample was extracted 
with ether m a Soxhlet extractor for forty eight 
hours 

Conductivity Measurements. — To establish ap- 
proximate critical micelle concentrations for the 
samples of cetylpyridinium chloride and cetyldi- 
methylbenzvlammonium chloride used m this 
study, conductivity measurements were obtained 
for aqueous solutions at room temperature (23- 
25°) An Industrial Instruments model RC 
M15 conductivity bridge and a dipping type 
conductivity cell mth a cell constant of approx- 
imately 1 00 cm were employed The water 
used was that used throughout the study and 
had a specific conductance of approximately 
2XI0-®ohm-^ 

Bialysis Studies. — Dialysis membranes employed 
in the studies involving Tween SO were nylon 
membranes as described previously by Patel and 
Kostenbauder (18) These membranes were pre- 
viously shown to be impermeable to Tween 80 
(18) For dialysis studies involving methyl- 
cellulose, polyvinylpyrrolidone, and Polyox, ATsking 
cellulose casings were employed The general 
procedure for these studies consisted of placing 
inside the dialysis bag 20 ml of a solution containing 
the quaternary' ammonium compound and, after 
tightly knotting the open end, placing the bag into 
a 125 ml bottle containing 40 ml of Tween or 
other polymer solution A poh ethvlene film and a 
screw cap were employed as the closure, and the 
bottles were rotated at 9 r p m in a constant 
temperature bath at 30° As might be expected 
for the long chain quaternary ammonium com- 
pounds, equilibration times of five to seven day s were 


> Sample obtained Ihrough the courtes> ot Dr George D 
Wessinger Sterling XVinthrop Research InsUtute Rensse 
laer, N V 

1 Tween 80 is polj oxyethylene 20 sorbilan monooleatc 
Atlas Powder Co , Wilmington Del 

^ Methocel, 15 c p s , the Dow Chemical Co Midland 
Mich 

® riasdone Antara Chemicals Dwision of General Aniline 
andTilmCorp New York N Y 

Poljox W'SR 35 IS a polyfethylene oxide) of exceptionally 
high molecular weight (17), Union Carbide Chemicals Co 
New York N X' 

* The ion exchange column contained a mixture of the 
strongly basic quaternary amine ion exchange resin Amber 
lite IRA too, preciously treated with NaOH solution and 
the cation exchange resin Amberlite IR 120 previously 
treated with HCl solution 


necessary for cetylpyridinium chloride solutions 
and two to three days for benzalkonium chloride 
solutions The presence of Tween 80, however, 
reduced the equilibration time for cetylpyridinium 
chloride to one to two days 

After equilibration, aliquots were remox'cd from 
both sides ot the membrane and concentrations of 
quaternary ammonium compounds were determined 
spectrophotometncally at a wavelength of 269 
ni/x for cetylpyridinium chloride and 261 5 mp 
for benzalkonium chloride, using a Beckman DU 
spectrophotometer Any interference due to the 
niacromolecule was eliminated by using the appro- 
priate concentration in the reference cell 

Microbiological Studies.-— Observations w ere 
made on the influence of several nonionic surface- 
active agents on the bacteriostatic activity of 
cetylpyridinium chloride and benzalkonium chlo 
ride, using Aerobacler aerogtnes,^ a Gram -negative 
organism The methods and culture medium 
previously described by Pisano and Kostenbauder 
(19) were employ'ed Approximate inhibitory con- 
centrations for cetylpyridinium chloride and henzal- 
konium chloride in the presence of Tween 80, 
Triton X-lOO,’" and Pluronic L62,'* were obtained 
through visual observation of samples each day for 
a period of tw o weeks 


RESULTS 


Critical Micelle Concentration for Cationics. — 
Approximate critical micelle concentrations for 
cetjdpyridinium chloride and cetvldimethylbenzyl- 
ammonium chloride (CDBAC) were obtained from 
the conductivity data illustrated in Fig 1 The 
critical micelle concentration for cetylpyridinium 
chloride was found to be approximately' 1 0 X 
10"® M, while that for the CDBAC was found to be 
approximately 1 0 X 10"* M 
Tween 80 — Cetylpyridinium chloride was found 
to interact to an extremely' high degree w'lth Tween 
80 when the cationic was employed m concentra- 
tions comparable to those which might be en- 
countered in product formulations Figures 2 and 3 
illustrate typical adsorption isotherms for this 
system, and in Fig 4 these data are presented in a 
manner which indicates that in an aqueous system 
containing Tween 80 and cety Ipx'ndimum chloride, 
the ratio of total to free cety'lpyndimum chloride is 
pnmanly' a function of the concentration of Tween 
80 As illustrated m a previous publication (49), 
the ratio of total to free germicide can often be 
cmploj'ed to predict required preservative concen- 
trations m the presence of the Tween Figure 4 
indicates that at a concentration ot 1% Tween 80, 
approxiniateh 95% of the cety’lpyndimum chloride 
present is bound to the Tween and thus inactivated 
Even at a concentration of 0 1% Tween, the data 
suggest that approximately' 60% of the total 
cety'lpyridmmm chloride would be inactivated 
The dialysis studies indicated no significant dif- 
ference in binding of cety Ipy'ridinium chloride bj' a 
commercial sample of Tween 80 and a sample 
passed through an ion exchange resin to remove any 
oleic acid present 


> ATCC No S30S 

■1 Triton X 100 is an alkylarjl poljether alcohol, Rohm 
and Haas Co , Philadelphia Pa 

o Pluronic I-G2 is a polj ox> eth> lene poly oxypropylene 
surfactant, Wyandotte Chemicals Corp , Wyandotte, Mich 
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Fig. 1. — Determination of critical micelle concen- 
tration for cetylpyridinium chloride and cetyl- 
dimethylbenzylammonium chloride through con- 
ductivity measurements, 23-25°. Critical micelle 
concentrations were approximately 1.0 X 10”’ M 
for cetylpyridinium chloride and 1.0 X 10 M for 
cetyldimethylbenzylammonium chloride. 



Fig. 2 — Adsorption isotherms for binding of cetyl- 
pyridinium chloride bv Tween 80 in aqueous solution 
at 30°. A, 0.1%; B. 0.5%; C, 1.0%; D. 2.5% 
T\V 80, 



Fig. 3. — Adsorption isotherms for binding of cetyl- 
pyridinium chloride by Tween 80 in aqueous solu- 
tion at 30°. D. 2.5%: E, 5.0%; F, 7.5%; G, 
10 0% TW 80. 


The marked scatter of points in Fig. 4 is partly a 
result of magnification of experimental error due to 
the pronounced binding which occurs. Calculation 
of r, the ratio of total to free preservative, in some 
cases involves dividing the total concentration by a 
number smaller by a factor of approximately 100; 
thus, a small error in either total or free concentra- 
tion is greatly magnified in calculation of the r 
value. Despite the inherent inaccuracy of such 
treatment of data, the convenience of a graph 
such as that presented in Fig. 4 justifies its presenta- 
tion. 

Data for the binding of benzalkoniura by Tween 
80 are illustrated in Fig. 5 While the binding of 
benzalkonium chloride is considerablj'- less than that 
exhibited by cetylpyridinium chloride, it neverthe- 
less is sufficient to cause inactivation. At a concen- 
tration of 1% Tween 80, approximately 50% of the 
benzalkonium chloride present is bound to the 
Tween. There appeared to be no significant dif- 
ference in the degree of binding exhibited by 
benzalkonium chloride U. S. P., which is described 
as consisting of alkyls in the range Cs — Cis (20), 
and the binding shoivn by a pure sample with a Cic 
chain, i. e., CDBAC. 

Figure 6 represents adsorption isotherms for the 
interaction of cetylpyridinium chloride and CDBAC 
with a very dilute solution of Tween 80. This 
study was included to permit observations on the 
degree of binding in the presence of free quaternary 
concentrations both above and below the normal 
critical micelle concentration for the quaternary 
compound. These isotherms differ markedly from 
those obtained in higher concentrations of Tween 
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TWEEN 80 {•/. W/V) 

Fig, 4. — The data illustrated in Figs. 2 and 3 
plotted to give the ratio, r, of total to free cetyl- 
pyridinium chloride as a function of the concentra- 
tion of Tween 80. 



Fig, 6. — Adsorption isotherms for binding of cetyl- 
pyridinium chloride and cetyldimethylbenzylam- 
monium chloride in 0.2% Tween 80 at 30°. These 
curves illustrate the degree of binding occurring at 
concentrations of the quaternary ammonium com- 
pounds both above and below their normal critical 
micelle concentrations. A, cetylpyridinium Cl; 3, 
benzalkonium Cl(CDBAC); C, cetylpyridinium Cl, 
0.05 M NaCl. Curve C illustrates the influence of 
electrolyte on the degree of interaction. 



0)23 45 

TW EEN 80 (y. W/V) 

Fig, 5. — ^The ratio, r, of total to free benzalkonium 
chloride as a function of Tween SO concentration at 
30°. Total benzalkonium chloride concentration 
0.025-0.10%. O, benzalkonium chloride U. S. P.; 
•, cetyldimethylbenzylammonium chloride. 


80, showing a maximum in the adsorption isotherm 
in the region of the critical micelle concentration. 

Methylcellulose. — Figure 7 shows the interaction 
of cetylpyridinium chloride with methylcellulose. 
The binding is highly dependent on the cetyl- 
pyridinium chloride concentration, passing through 
a maximum in the region of the normal critical 
micelle concentration for cetylpyridinium chloride. 
Benzalkonium chloride was found to exhibit no 
detectable binding to methylcellulose up to a con- 
centration of 2% methylcellulose and 0 125% 
cationic. 

Figure 8 shows the influence of pH and electrolyte 
on the interaction of cetylpyridinium chloride with 
metliylcellulose. The binding appears to be in- 
creased somewhat in the presence of strong base, 
but is suppressed by 0.05 M NaCl and almost 
eliminated by 0.05 Jl/HCl. 

Polyvinylpyrrolidone, — Neither cetylpyridinium 
chloride nor benzalkonium chloride was found to 
interact significantly trith polyvinylpyrrolidone at a 
concentration of 2% polyvinylpyrrolidone and 0.08 
% quaternary ammonium compounds. 

Polyox. — Neither cetylpyridinium chloride nor 
benzalkonium chloride was found to interact 
significantly with this polymer at concentrations of 
0.2% Polyox and 0.07% quaternary ammonium 
compound. 

Microbiological Studies.— Concentrations of 
cetylpyridinium chloride and benzalkonium chloride 
required to inhibit growth of Acrobaclcr acrogoies 
in tile presence of several nonionic surfactants are 
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Fig. 7. — Binding of cetylpyridinium chloride bj’ 
methylcellulose at 30°. A, 0.05%; B, 0.1%; C, 
0.5%; D, 1.0% methjdcellulose. 

presented in Table I. These studies were made 
with polymer solutions which were passed through 
ion exchange resins to remove any fatty acid or 
electrolyte present and also with some untreated 
samples of Tween 80. No attempt was made to 
determine precise inhibitory concentrations, but 
the increased concentrations of quaternary am- 
monium compound indicate a somewhat higher 
degree of inactivation than would be predicted from 
a consideration of Figs. 4 and 5. 

As would be predicted from the binding studies, 
benzalkoniura chloride was found to be inhibited to 
a lesser degree than was the cetylp 5 ridinium chlo- 
ride. This observation is in agreement with that of 
Barr and Tice (12), who found that in the presence of 
Tween 60 benzalkonium chloride was effective in a 
concentration of 0.1% while cetylpyridinium chlo- 
ride was not 

The results obtained with Pluronic L62 and Triton 
X-100 indicate that these agents show an ability to 
inactivate the quaternary ammonium compounds 
quite similar to that e.xhibited bj’ Tween 80. 

DISCUSSION 

Tween 80. — The formation of mixed micelles of 
quaternary ammonium compound and nonionic surf- 
actant has been suggested as a possible mechanism 
for the association with molecules such as Tween 80 
(1). For such an interaction, the degree of binding 
would be expected to increase ivith increasing length 
of the hydrocarbon chain of the cationic, at least so 
long as the concentration of the free cationic did 
not e-xcced the normal critical micelle concentra- 
tion. The critical micelle concentrations for the 
cetylpjTidinium chloride and CDBAC used in these 
studies were found to be approximately 1.0 X 10“’ 
.V and 1.0 X 10“’ 11/. respectively. Onl 3 ' in the 



Fig. 8. — Influence of pH and electrolyte on the 
interaction of cetylpj’ridinium chloride with 0.5% 
methjdcellulose in aqueous solution at 30°. A, dis- 
tilled water; B, 0.003 M NaOH; C, 0.05 M NaCl; 
D, 0.05 M HCl. 


Table I. — Influence of Several Nonionic Surf- 
actants ON Concentrations of Cationic Re- 
quired TO Inhibit Aerobacter atrogenes 



/ Inhibitory Concentration * 


Cetylpyridinium 

Benzalkonium 

Nonionic 

Cl 

Cl 

0 

1-100,000 to 

No growth at 


1-250,000 

1-100,000 

0.5% Tween 80" 

1-2,500 to 


2.0% Tween 80" 

1-5,000 

1-250 to 1-500 


3.0% Tween 80'' 

1-100 to 1-250 

1-500 to 

3.0% Triton X- 

1-100 to 1-250 

1-1,000 

lOO*' 

3.0% Pluronic 

1-500 to 


L62'' 

1-1,000 



a Commercial sample. & Treated with ion exchange resin 
before use. 


concentrations of Tween below 0.5% were free 
cetj'lpj’ridinium concentrations of this magnitude 
approached, although in all cases the concentration 
of free benzalkonium was in excess of the critical 
micelle concentration. It was at first suspected 
that the marked difference in degree of binding of 
cetj’lpj'ridinium chloride and benzalkonium chloride 
bj- the Tween might be a result of heterogeneitj' in 
the composition of the alkyl of the benzalkonium 
chloride, since the U. S. P. specifies Cs-Cis for this 
compound. However, subsequent binding studies 
using a pure sample of cetyldimethjdbenzylammon- 
ium chloride (CDBAC) resulted in data which ex- 
aetb’ duplicated the degree of binding exhibited by 
the U, S. P. product. 
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If Uie interaction between the quaternary am- 
monium compound and the Tween can be visu- 
alized as an equilibrium between mixed micelles of 
quaternary amnionium-Tween and individual 
quaternary ammonium ion and halide ion 

oQ’’" + bCl~ -f- cTw ?:± Q'^aCl~i,T7Vc 


the interaction would be expected to be dependent 
on the concentration'- of the long chain cation 
according to the law of mass action.'" 


I" - JMIsCLjIbL 

{Q-^YiCl-nTwY 


(Eq. 1) 


In Eq. 1, K' is an equilibrium constant, (,Tw) is the 
free Tween concentration, is the concentration 
of individual long chain cation, (C/“) is the concen- 
tration of the individual halide ion, and (Q\- 
Cl~i,Twc) is the concentration of the mixed micelle 
or complex. 

Several investigators have observed that in an 
aqueous solution of an ionic surfactant the concen- 
tration of the individual long chain ion passes 
through a maximum as the total concentration of 
surfactant in the solution is increased. This max- 
imum occurs in the concentration range at which 
micelle formation is observed. The existence of the 
maximum can be shown by the application of the 
law of mass action to micelle formation, the most 
extensive treatments being the work of Mysels 
(21) and of Sexsmith and White (22, 23). For 
the system aQ* bX~ ^Q*aX~ti 
where 


I- - 

(Q^)»(A'-)‘ 


(Eq. 2) 


Sexsmith and White, by solving for (Q'*') as a 
function of total quaternary concentration, (C), 
and setting d{Q^)l3{C) = 0, demonstrated that for 
several model quaternary ammonium surfactants the 
concentration of individual quaternary ammonium 
ion, (Q'*'), passes through a maximum if a>i§2. 
The concentration of the individual halide ion, 
and the ion product of quaternary ammo- 
nium ion and halide ion, however, continue to in- 
crease as the total quaternary ammonium concen- 
tration is increased. 

The existence of this maximum in individual 
quaternary ammonium ion concentration provides a 
probable explanation for the observed differences 
in binding affinities of cetylpyridinium chloride and 
CDBAC. If the concentration of individual 
quaternary ammonium ion parallels the total free 
quaternary ammonium compound concentration 
until micelles begin to appear, it might be expected 
that the approximately tenfold difference in critical 
micelle concentration for the cetylpyridinium chlo- 
ride and CDBAC would result in a maximum attain- 
able concentration of individual quaternary am- 
monium ion greater by approximately a factor of 10 
for tlie cetylpyridinium chloride solutions. Occur- 
rence of a maximum in individual quaternary am- 


Here the assumption is made that concentrations may be 
substituted for activities, 

** The interaction would, of course, also be dependent on 
Inc TOncentration of the Tween and the halide ion, but these 
considerations are not vital to the discussion ^^Uich follo%vs. 


monium ion at extremely low concentrations of 
CDBAC suggests that the concentration of single 
ions of cetyldimethylbenzylammoniuni never ap- 
proaches the level encountered in cetylpyridinium 
solutions. For an interaction between a quaternary 
ammonium compound and Tween SO, such as that 
illustrated in Eq. 1, a tenfold difference in quater- 
nary ion concentration would be expected to exert a 
considerable influence on the degree of bindinv 
occurring. 

If the proposed mechanism is operative, it should 
be possible to demonstrate maxima in the adsorp- 
tion isotherms for the interaction of cetylpjTidinium 
chloride and CDBAC with Tween 80. To this end, 
the binding data illustrated in Fig. 6 were obtained, 
using a very dilute solution of Trveen 80. The ex- 
istence and relative positions of the maxima in the 
adsorption isotherms are very clearly illustrated. 
These data indicate that the interaction is dependent 
on the concentration of the single quaternary 
ammonium ion and could not be attributed solely to 
the adsorption of ion pairs or micelles, since both 
the product of (Q'") (Cl~) and the concentration of 
micelles are knoum to increase steadily as the total 
quaternary concentration increases (23). The de- 
crease in the degree of interaction at higher quater- 
nary concentrations is most satisfactorily explained 
thermodynamically on the basis of a decrease in con- 
centration of the individual quaternary ion. 

Observations on the interaction of Tween SO 
and cetylpyridinium chloride in the presence of 
0.05 M NaCl are indicated by the broken line in 
Fig. 6. These points suggest a shift of the maximum 
in the adsorption isotherm to lower concentrations, 
and suggest that the presence of electrolyte might 
be a rather significant factor in determining the 
degree of binding. 

The binding of organic electrolytes by nonionic 
surfactants is not limited to quaternary ammonium 
compounds; drugs such as chlorpromazine, pro- 
methazine, and tetracaine hydrochlorides are also 
bound, as are dyes and some anionic detergents 
(24). 

Methylcellulose. — Available data for the binding 
of cations to cellulose derivatives pertain principally 
to those agents used in dyeing textiles. Numerous 
theories have been presented to account for the 
binding of dyes and metal ions to cellulose, some of 
which include: (a) ionic binding to residual car- 
boxyls or to acidic hydroxyls by ion exchange, (5) 
ion-dipole interactions of cations with ethers or 
hydroxyls, (c) dipole-dipole interactions between 
hydroxyls of cellulose and polar groups of the dye 
molecule, (d) interactions between hydrocarbon 
portions of the adsorbate and the linear cellulose 
molecules. 

More recent discussions seem to indicate that 
more than one mechanism is involved in most 
cases of adsorption to cellulose (22). Until recently 
the importance of the hydrophobic interaction was 
not fully recognized. It now appears to have been 
established that for a dye to have maximum affinitj" 
for a cellulose substrate the dye should be a long, 
planar molecule which can attain close approach to 
the linear cellulose chain. Where this condition 
is met there is an extremely high degree of stability 
for the dye-cellulose combination; the stability 
being attributed to interaction of the hvdrophobic 
groups (25). 
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Figure 7 illustrates the binding of cetylpyridiniuin 
chloride by inethylccllulose as a function of methyl- 
cellulose and cetylpyridinium chloride concen- 
tration. The interaction shows a high dependency 
on cetylpyridinium concentration and the initial 
portion of the curve, showing a rapidly increasing 
slope, is similar in appearance to the binding of 
phenol b}' P\'P and polyethj'lene glycols (26) and 
to the binding of phenol (27, 28) and organic ions 
(29, 30, 31) by proteins. Curves such as this are 
sometimes considered to result when adsorption of a 
critical quantity of drug results in a change in 
configuration of tightlj-^ coiled polymer molecules to 
make additional binding sites available. A curve 
of this nature, which seemingly indicates limitless 
binding capacity, is also similar to multilayer 
adsorption isotherms, and in this case might be 
explained on the basis of possible tail-to-tail adsorp- 
tion of quaternary after the initial adsorption of a 
critical number of ions. A mechanism of this na- 
ture has recently been demonstrated for the bind- 
ing of cationic dyes and surfactants by cotton, 
viscose rayon, and oxycellulose (22, 23, 32, 33). 
These workers demonstrated that the ion e.vchange 
process involved residual carboxyls in the cellulose. 

A recent report by Fishman and Miller (34) 
indicates that starch also interacts with quaternary 
ammonium compounds, and from the data pre- 
sented the mechanism for the interaction would 
appear to be quite similar to that which occurs with 
cellulose and methylcellulose. 

Data presented in Fig. 8 illustrate the effect of 
pH and electrolyte on the degree of binding, and 
the results are indicative of an ion exchange mech- 
anism as the initial step in the interaction. The 
interaction is apparently enhanced by dilute alkali, 
greatly diminished by 0.05 ilf NaCl, and almost 
entirely eliminated by 0.05 JlfHCl. 

The maximum which appears in the adsorption 
isotherm occurs in the neighborhood of the critical 
micelle concentration for cetylpyridinium chloride 
and is typical of adsorption isotherms described by 
Sexsmith, ei al. (22, 23, 32, 33), for the interaction 
of quaternary ammonium compounds with cellulose. 
Sexsmith, et al., demonstrated that the existence of 
the maximum can be attributed to the occurrence 
of a maximum in the concentration of individual 
quaternary ion and the resultant maximum in the 
ion exchange adsorption (22, 23). 

Failure of benzalkonium chloride to interact 
with methylcellulose can be attributed to the 
relatively low eoncentration of individual quaternary 
ion which can occur in these solutions. Failure of 
Polyox and PVP to interact with the quaternary 
ammonium compounds can probably be attributed 
to the nonionic and nonionogenic nature of these 
polymers. 

Microbiological Observations. — The estimation 
of inhibitory concentrations of cationic agents in the 
presence of the nonionics indicated an ev-en higher 
degree of inactivation of the cationic than would be 
predicted from the equilibrium dialysis studies. 
This discrepancy can probabb' be attributed to the 
presence of approximately 0.1 M total electrolyte 
in the culture medium. Addition of electrolj'te is 
known to lower the critical micelle concentration 
for quaternary ammonium compounds (35), and at 
concentrations below the critical micelle concen- 
tration the presence of electrolyte would also be 


expected to enhance the interaction between the 
cationic and the Tween. While an exact correla- 
tion between binding data and microbiological 
data would apparently require knowledge of the 
interaction as a function of electrolyte concentra- 
tion, the dialysis studies presented here do verify the 
existence of a remarkably high degree of interaction 
for some quaternar 3 ' ammonium germicides with 
nonionics such as Tween 80 and methylcellulose, 
and illustrate the perils of making the general 
assumption that nonionic agents are compatible 
with cationic and anionic drugs. 


SUMMARY 


1. Equilibrium dialysis studies indicate an 
extremely high degree of association and accom- 
panying inactivation of quaternary ammonium 
germicides in the presence of nonionic surface- 
active agents. In 1 per cent aqueous solutions of 
Tween 80 approximately 95 per cent of the total 
cetylpyridinium chloride or 50 per cent of the total 
benzalkonium chloride present would be bound 
to the Tween and thus inactivated. In 0.1 per 
cent Tween 80 solution approximately 60 per 
cent of the cetylpyridinium chloride would be 
bound. 

2. Methylcellulose was found to interact 
significantly with cetylpyridinium chloride, but 
not with benzalkonium chloride. Polyvinyl- 
pyrrolidone and Polyox were not found to inter- 
act with these cationics. 

3. These studies indicate quite clearly that 
it is not justifiable to assume that nonionic agents 
are always compatible with cationic and anionic 
drugs. 
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Urinary Excretion Kinetics for Evaluation of 
Drug Absorption III* 

Method for Calculation of Absorption Rate and Application to 
TetracycHne Absorption in Humans 


By EINO NELSON 

A method tvas developed to calculate drug absorpn'on rate from urinary excretion 
rate measurements and applied to study tetracycline absorption in humans after 
oral ingestion of 25, 50, 100, and 200'mg. doses. Calculation of absorption rate 
indicated that this drug was absorbed at a rate of about 100 to 140 mg./hr., one hour 
after 200-mg. doses, and at about 20 to 30 mg./hr., one hour later. Rates at these 
times decreased when the dose was reduced. Wide individual variation in absorp- 
tion rate was observed among members of the test panel. 


^T*here are relatively few methods available 
that can be applied to study drug absorption 
quantitatively in the intact animal after drug 
ingestion orally. The method of Dominguez (1) 
may be applied, but its use requires frequent 
blood samples at short intervals of time after 
drug ingestion The intubation method of 
Nicholson and Chomock (2) allows accurate 
measurement, but is an uncomfortable procedure 
to the test subject The present work describes 
a method that is based on data collected from 
urinary e-xcretion measurements The method 
is applicable to all routes of drug administration, 
but is applied here to the oral route to study 
the mechanism of tetracycline's absorption in 
humans 

THEORY AND DEVELOPMENT OE THE 
/ METHOD EOR ABSORPTION RATE 
^ CALCULATION 

The method is based on writing a material balance 
accounting for dreg at absorption sites, in the body, 
and eliminated drug in excreted urine or removed 

* Recewed Septemlier 19, 1958, from the School of Phar- 
macy, University of California Medical Center, San Fran- 
cisco 22 

Supported in part by a Grant in aid from the Squibb Insti- 
tute for Therapeutic Research, Neiv Brunswick, N J 


by other processes Several assumptions must be 
made and conditions met in order to make the 
method experimentally and mathematically trac- 
table These conditions and assumptions are 
(a) A significant amount of drug must be excreted 
unchanged in the urine While there can be no 
arbitrarily set lower limit on the percentage elim- 
inated by this route, it is desirable that this per- 
centage be at least of the order of 30 Error in 
rate calculation increases markedly with error in 
percentage when the latter is a low value (5) 
It is necessary to assume that drug in circulation is 
in equilibrium with other fluids of distribution at 
all times even though there is always a delaji in the 
attainment of tin's equilibrium, (c) After this 
equilibrium is reached, the drug must disappear 
from the blood stream by an apparent first-order 
process which is the usual case 

At any time the dose of a drug taken can be 
accounted for by the following expression 

Ai = Ai+ A', -i- A, (Eq D 

In Eq 1. Ae is the dose, A^, is the amount in the 
body in blood and other fluids of distribution, 
A't is the amount eliminated by urinar}^ e.\cretion 
and other processes, and Ai is the amount of drug 
remaining at the absorption sites It follows on 
differentiation of Eq 1 with respect to time and 
rearrangement that 

- dA./dt ^ dAhfdt -f dA'./dt (Eq 2) 

•#5 ^ 
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In Eq. 2, t is time, dA i/dl is the rate of disappearance 
of drug from the absorption sites, dAb/dl is the rate 
of change of amount of drug in the body, and 
dA 'e/dt the rate of elimination from the body. 

The rate of elimination may be deduced from 
excretion data. This rate is equal to the sum of 
the urinary excretion rate, dAg/dl and the rate of 
elimination by other processes, dA "e/dt, i. e. 

dA'Jdt = dAe/dt + dA",/dl (Eq. 3) 

As a consequence of the considerations discussed 
by Dominguez and Pomerene (3) and later by 
Hough (4), a simple relationship exists between the 
two righthand terms of Eq. 3. These terms are, 
respectively, equal to iiAi, and ^2^4 where and ^2 
are the rate constants in reciprocal hours for each 
process. Hence 

dA'e/dt = Ai(ki + ^2) (Eq. 4) 

It helps to define, K = ki A- A2, where K is the rate 
constant that describes the rate of removal by the 
combined processes. Also in accord with the con- 
siderations discussed bj' Hough (4), the rate of 
e.xcretion in the urine may be described by the 
following 

dAJdt = K/Ai (Eq. 5) 

where / is the fraction of drug reaching circulation 
that is eliminated unchanged in the urine. Solving 
Eq. 5 for As and substituting in Eq. 4 yields 

dA'Jdt = (l/f){dAJdt) (Eq. 6) 

which when substituted in Eq. 2 gives 

- dAJdt = dAJdt + {l/f){dAe/dt) (Eq. 7) 

The term, dAt/dt, in Eqs. 2 and 7 may be found from 
Eq. 5. Taking the derivative of Eq. 5 and solving 
for dAt/dt obtained by this process and substituting 
for its v'alue in Eq. 7 yields 

-dAJdt = {\IKS){dAAJdf^) -I- 

{\lf)(dAJdt) (Eq.8) 

Since absorption rate is the same as disappearance 
rate only with opposite sign, Eq. 8 may be stated as 

Absorption rate = (,l/Kf)(d'^AJdt'^) -p 

(l/fXdAJdt) (Eq. 9) 

The rate terms in Eq. 9 may be obtained graphi- 
call}’ or by use of polynomials fitted to excretion 
data as will be described later. The value of 
K for a given drug may be found from either the 
literature or from the linear portion of a plot of the 
logarithm of excretion rate vs. time, where excretion 
rate may be either the graphicall}' determined 
values or values obtained from the amount excreted 
in a given time divided by the time interval over 
which the sample was collected. The value of K 
is easily found from such a plot by noting the time 
necessary for a 50% decrease in rate and making 
use of the relationship, K = 0.693//i/2, where /1/2 
is the half life noted. 

Calculation of rate of absorption by Eq. 9 is 
independent of the size of the dose given or the 
percentage of this dose absorbed. In fact, if for 
example, the same drug is giv'en in several different 
forms such as different salts, calculation of absorp- 
tion rate gives the absorbability- of each form. 


Collection of Data. — Collection of excretion data 
from a given drug for use in the application of Eq. 9 
requires some consideration of e.xcretion velocity in 
order to obtain meaningful results. When the 
cumulative amount excreted vs. time curve is con- , 
structed, based on data obtained after administra- \ 
tion of drug by other than intravenous means, it 
always shows an inflection point. To characterize 
properly the excretion curve, at least two urine 
collections should be made before the appearance 
of this inflection point and at least two afterwards. 
Spacing of urine collections will depend on the 
rapidity with which the drug is absorbed and 
excreted. The experimental data in this report 
indicate collection period spacing to some extent. 

Comparison with Other Methods of Calculating 
Absorption Rate. — The only other methods available 
to calculate absorption rate are those in which un- 
absorbed material is recovered from experimental 
animals (2), or the method applied by Dominguez 
(1) to creatinine. The method of Dominguez (1) 
requires the assumption that drug in blood and other 
fluids of distribution is in equilibrium at all times as 
is the case in the method presented here. How- 
ever, the present method does not require informa- 
tion on the total volume of distribution of drug 
which is required in the Dominguez method. 
The determination of this quantity is subject to 
some error. 

The approximate method for calculating absorp- 
tion rate presented here is generally applicable 
under the conditions stated and has been presented 
in some detail. Use of the method does not depend 
on the site of drug administration, although it is 
applied here to absorption from the gastrointestinal 
tract. 

EXPERIMENTAL PROCEDURE 

Test Subjects. — The test panel consisted of five 
adults in apparent good health. Their ages and 
weights are given in the first entry of Table I. 

Dosage Forms. — Tetracycline hydrochloride was 
given in the form of particles with an average diam- 
eter of 100 g contained in hard gelatin capsules 
mixed with 200 mg. sodium bicarbonate. The 
particles and dosage forms were prepared as pre- 
viously described (5). The tetracycline hydro- 
chloride w-as of commercial purity without additives. 
Four sets of dosage forms, each set containing 25, 

50, 100, and 200 mg. tetracycline hydrochloride, 
respectively, were used in the tests. The salt and 
dosage form used was to insure that absorption 
would not be rate-limited by solution rate (5). 

Conduction of Tests and Assay. — The drug was 
taken on fasting stomachs in the morning under 
conditions which have been previousl3- described (5). 
The dosage for a given subject on a given test daj- 
was randomly selected. 

Following ingestion, subjects collected urine 
specimens at one, two, three, and four hours, and 
aliquots of these, as well as aliquots of preingestior 
specimens, were assaj-ed microbiologically for tetra- 
cycline hydrochloride activitj- by the cup plate 
method (6).' The tetracj-cline h3-drochloride stand- 
ard for comparison was prepared from the same 
batch used to prepare the dosage forms. 

* The author is indebted to Mrs. Yoko Yuzuriha for conduc- 
tion of these assays. 
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Table I. — Cltmulative mg Tetracycline Hydrochloride and ml Urine Excreted to Various Times 

IN Hours'* 


mg Excreted , ml Urme 


Subject 6 

1 0 

2 0 

30 to 10 

25-mg Dose Tetracycline HCl 

20 

3 0 

4 0 

E (39-77) 

0 8 

1 7 

2 7 

3 9 

340 

400 

500 

870 

S (33-57) 

0 7 

2 1 

3 4 

4 2 

80 

150 

220 

260 

N (21-77) 

0 2 

1 7 

4 0 

5 1 

260 

460 

530 

600 

C (29-84) 

0 1 

0 5 

0 8 

1 0 

70 

170 

230 

280 

J (26-107) 

0 2 

0 0 

1 2 

1 8 

60 

130 

190 

260 

Mean 

0 4 

1 3 

2 4 3 2 162 

50-rag Dose Tetracycline HCl 

262 

334 

454 

E 

1 8 

5 1 

7 8 

9 8 

no 

190 

460 

645 

S 

1 3 

3 4 

5 9 

7 8 

90 

200 

350 

460 

N 

0 4 

3 9 

8 1 

10 5 

110 

210 

270 

320 

C 

0 

1 1 

5 4 

9 3 

80 

140 

180 

210 

J 

1 4 

5 7 

8 9 

11 5 

80 

170 

250 

810 

Mean 

1 0 

3 8 

7 2 9 8 94 

100-rag Dose Tetracycline HCl 

182 

302 

389 

E 

0 

1 8 

6 3 

9 9 

210 

360 

680 

1140 

S 

1 8 

6 2 

9 8 

13 2 

70 

150 

240 

450 

N 

1 0 

6 0 

13 0 

18 6 

40 

140 

330 

430 

C 

1 9 

11 9 

17 9 

26 6 

60 

110 

ISO 

250 

J 

1 9 

9 7 

15 2 

22 4 

210 

400 

540 

710 

Mean 

1 3 

71 12 4 18 1 118 

200-mg Dose Tetracycline HCl 

232 

394 

596 

E 

2 8 

10 3 

18 7 

24 7 

250 

570 

670 

790 

S 

2 4 

10 2 

21 1 

29 5 

270 

510 

590 

790 

N 

3 S 

16 0 

25 0 

31 0 

70 

150 

190 

230 

C 

0 6 

7 3 

15 8 

27 5 

110 

240 

350 

410 

J 

1 8 

6 8 

13 0 

16 9 

40 

80 

140 

230 


- 







— 





— — 

Mean 

2 3 

10 1 

18 7 

25 9 

00 

310 

388 

490 


** All values in terms of the activity of tetracycline hydrochloride 
1* Quantities in parentheses are subject's age followed by his weight in Kg 


RESULTS AND DISCUSSION 

Tetracycline Excretion. — Table I summarizes 
excretion data with pertinent related information 
in almost all cases shown the excretion values listed 
were from a collection at the indicated times In the 
few cases xvhere urine collections could not be made 
exactly on the hour, individual plots of cumula- 
tive amounts excreted vs time curves were con- 
structed and excretion values for entry in Table I 
determined by interpolation The mean values on 
Table I are plotted on Fig 1, 

Fitting Experimental Data to Polynomials in 
Powers of Time.— -The mean values for amounts of 
tetracycline excreted from the several dosage 
schemes shown in Table I were fitted to polynomials 
in powers of time of the form 

Ac ~ al + bi- + ct^ + dl* (Eq 10) 

The individual data from 200-mg doses of the 
drug were also fitted to equations of this form 
The values of the coefficients of Eq 10 are given 
in Table II for the combined excretion from various 
doses Table III lists the coefficients of Eq 10 
as obtained by using the individual data of test 
subjects after they ingested 200-mg doses 

The first and second derivatives of Eq 10 with 
coefficients evaluated were used to supply these 
respective terms qeeded in Eq. 9 After dividing 


the value of the second derivative by K, it was then 
possible to described absorption rate in terms of 
its product xvith / This quantity was then cal- 
culated at one and two hours for each of the several 
doses 

Illustrative Example. — Fitting the mean values 
of tetracycime excreted in one. two, three, and four 
hours from 200-rag doses gave the following equa- 
tion which corresponded to Eq 10 

Ac = -2 m + 6 26P - 1 41f» + 0 104(< (Eq 11) 

The derivative of Eq 11 has the value 

dAc/dt = -2 65 + 12 5t - 

4 23/"- -f 0 416P (Eq. 12) 

The second derivative has the value 

d'-Ac/dt^ = 125 - 846/ 1 25/= (Eq 13) 

The x'alue of Eq 13 at one and two hours after 
multiplying by the reciprocal of K, 11 5 (7) is 60 8 
and 6 70, respectively The value of Eq. 12 at 
the same times is 6 04 and S 78, respectively. 
Adding the one hour values just calculated in 
accordance with Eq 9, absorption rate expressed as 
a product with / was about 70 mg //hour. At two 
hours the value was about 15 mg //hour, indicating 
absorption had almost ceased. With tetracycline, 

/ may be estimated to be between 0.5 and 0 7 
meaning absorption rate at one hour xvas between 
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TIME -HOURS 

Fig 1 — Variation in cumulative amounts of tetra- 
cj dine excreted \\ ith time from several doses of tetra- 
cycline hydrochloride Each curve labeled with the 
amount of tetracycline hydrochloride taken in 
mg. 

Table II — Coefficients of the Polynomial 
Equation (Eq 10) for \'arious Doses of 
Tetracycline HCP 


Dose mg abed 

25 0 100 0 308 0 0 

50 -0 252 1 41 -0 151 0 

100 - 4 10 7 46 - 2 31 0 246 

200 -2 65 6 26 -1 41 0 104 


« Entries of zero means less than 0 01 


Table III — Coefficients of the Polynomial 
Equation (Eq 10) for Each Test Subject 
Taking 200-mg Doses of Tetracycline HCl 


Subject 

a 

b 

c 

d 

E 

-0 942 

4 48 

-0 759 

0 021 

S 

-0 249 

2 35 

0 436 

-0 137 

N 

-7 23 

15 43 

-4 89 

0 492 

C 

-5 31 

7 81 

-2 14 

0 237 

J 

-0 091 

1 91 

0 044 

-0 063 


100 to 140 mg /hour and at two hours between 20 
to 30 mg /hour, when 200-mg doses were taken. 

Summary of Data From Various Doses. — The 
calculated absorption rate as a product with / after 
tlie various doses is summarized in Table lY The 
same quantity for each test subject after 200-mg 
doses uere ingested b\' them is listed in Table V. 


Table IV — -Values of Absorption Rate at One 
AND Two Hours” 


Dose- 


Time, hr 

25 

50 

100 

200 

1 

10 

25 

52 

70 

2 

10 

15 

0 

15 


« Expressed as a product with j ^ To the nearest 5 rag 
//hr 

Table Y — Values of Absorption Rate for Each 
Test Subject Following 200-mg Doses of 
Tetracycline HCl”-*' 


Time, 


hr 

G 

s 

N 

C 

J 

Mean 

1 

60 

70 

100 

70 

40 

70 

2 

20 

50 

0 

20 

20 

20 


« Expressed as a product with / 1* To the nearest 5 mg 

//hr 

It is apparent that wide variation existed in the 
absorbability of tetracycline hydrochloride by the 
test subject, but this variation is not unusual in 
biological experiments Comparison of the absorp- 
tion rate values from pooled data following 200-mg. 
doses (Table IV) to the means of the individually 
calculated absorption rates (Table V) following the 
same dose of drug tends to indicate that the averag- 
ing of data did not cause excessive error in subsequ- 
ent mathematical analysis 

No practical alternative procedure to the present 
method exists to study the absorption mechanism 
of tetracycline in humans in the range of doses given 
here The low tetracycline serum levels resulting 
from the smaller doses precluded application of the 
method of Dominguez (1) Analysis for tetra- 
cycline in the urine was possible from the smaller 
doses because the volume of fluid in which excreted 
material was contained was much smaller than the 
volume of fluid in which the drug was distributed 
in the body. 

Calculations with Other Drugs. — A comparison 
of absorption rates of sulfaethylthiadiazole calcu- 
lated by the method described here and by the 
Dominguez method (1) has been made (8) 
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The Relationship of Metal Binding to the Biological 
Activities of Phenethylbiguanide* 


B> EUGENE D. WEINBERG, ROBERT CHERNIN, and JOHN H. BILLMAN 


Phenethylbiguanide has been found to form 
metal complexes with divalent copper and 
nickel; on the basis of infrared absorption 
spectra and on theoretical considerations, a 
revised structure for the metal_ complexes of 
biguanides is proposed. Antimicrobial ac- 
tivities of phenethylbiguanide are not af- 
fected by divalent copper and nickel but are 
significantly depressed by iron. The rela- 
tionship of these findings to the biological 
mechanisms of action of the compound is 
discussed. 

S UCH POWERFUL metal binding agents as 8- 
hydroxyquinoline, hematoxylin, and certain 
thiosemicarbazones are diabetogenic (1, 2). 
Chemical modification of 8-hydroxyquinoline to 
prevent metal binding is accompanied by a loss 
of the ability to cause diabetes (3, 4). It has 
been suggested that the metal binding compounds 
-act by altering the availability of zinc to the 
islet cells although the necessity of zinc for either 

NH NH NH NH 
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the formation, storage, or functioning of insulin 
has by no means been established (1, 5, 6), 

Certain other strong metal binding agents as 
isoniazid and the tetracyclines are not diabeto- 
genic, at least at the chemotherapeutic levels 
ordinarily attained; nor do they appear to affect 
carbohydrate metabolism in any way (7, 8). 
Still other metal binding agents, such as the 
salicylates, are not only nondiabetogenic but 
can actually reduce the fasting blood sugar and 
glj'cosuria of moderately severe diabetic patients 
(9). A group of metal binding agents that have 
long been known to possess hypoglycemic activity 
for diabetic patients are certain diguanidines 
of which Synthalin A is the outstanding example 
(Fig. 1). An additional group of hypoglycemic 
compounds with potential metal binding ability 
includes l-(^-chlorophenyl)-4-isopropyl biguanide 
(Paludrine), amylbiguanide, and /3-phenethyl- 
biguanide (PEBG, DBI). Of the biguanides, 
PEBG (Fig. 1) has been the most intensivel}’’ 
tested for possible use as an oral antidiabetic 
drug. 

The ability of PEBG to form specific metal 
chelates has not been reported. This paper 
describes studies of (o) the metal binding activity 
of PEBG and (i>) the effects of metallic ions on 
certain antimicrobial properties of this compound 

CHEMICAL STUDIES 


II 


C-NH-CH2-CH2-^^ 


N 


NH, 


Ml 

r \ 

NHj N 


• HD/ 0* 


IK 


I O 


HaN-C-NsC-NHz 

HN-CHg^CHg-^ 

Ml 

-CH2-CH2-NH N 


L 


H2N-C=N-C-NM3‘*’ 


Cl," 

INOIOII 


Fig. 1. — Structural formulas of Synthalin A. 
phenethylbiguanide, and theoretical structural 
formulas of the metal chelates of phenethylbigua- 
nide. 
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Aqueous 0 05 jlf solutions of PEBG-HCl* were 
combined with ammoniacal 0.05 M to 1.0 M solu- 
tions of tile nitrates of lithium, beryllium, sodium, 
magnesium, aluminum, potassium, calcium, chro- 
mium, manganese, ferrous and ferric iron, cobalt, 
nickel, divalent copper, zinc, strontium, silver, cad- 
mium, tin, cesium, barium, monovalent and di- 
valent mercury, and lead. In each case, the pH 
reaction was adjusted to 6-7 with 1.0 4/ NH.OH, 
and a blank without PEBG was included to elimi- 
nate the possibility that anj- precipitates that might 
form might be metal hydroxides rather than metal 
chelates 

Precipitates of PEBG-HCl plus the inorganic 
nitrates were obtained only with the salts of copper 
and nickel. Crj-stals of the copper and nickel com- 
plexes of PEBG were subsequently prepared by 
digesting the freshly prepared metal hydroxides 
with PEBG-HCl in a water bath, followed by con- 
centrating and cooling tlie filtrate. The crj’stals of 
the copper and nickel coraple.xes were blue-violet 


> Phencthylbijruanide was kindly supplied by the U. S. 
Vitamm Corp through the courtesy of Dr. H. S, Sadow. 
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and pink, respectiveljL The infrared absorption 
spectra of a KBr mull of PEBG and the copper and 
nickel complexes were obtained with an Infracord 
spectrophotometer with a slit width of 25 fi (Fig 2) 
Biguanide sulfate has been utilized for the deter- 
mination of divalent copper and nickel with which it 
forms sparingly-soluble inner metallic complexes of 
the second order. Such ions as those of zinc, cad- 
mium, magnesium, and the alkali metals do not in- 
terfere with this reaction (10). The copper and 
nickel phenylbiguanides have been described, as 
have also the metaphenylene, ethylene, a-naphthyl, 
and /)-pheneth}dbiguanide chelates of these metals 
(11, 12). The Qf-copper coraple.x of phen}'lbiguanide 
has been reported to be bluish-violet and the (3- 
copper complex to be brick red The a-nickel com- 
plex is brick red and the /3-nickel complex light 
yellow. By color analogy, the PEBG chelates pre- 
pared in the present study are probably the a-copper 
form and the ^-nickel form. 



Fig. 2. — Infrared absorption spectra of phen- 
ethj-lbiguanide (top), copper chelate (middle), and 
nickel chelate (bottom). 


According to the studies reported with phenyl- 
biguanide (11), the structures of the PEBG chelates 
^vould be represented by I in Fig. 1. However, two 
additional possible structures are represented bv II 
and III 

It may be noted that the chelate rings in structure 
I contain onh- one double bond and that the second 
double bond is exocyclic. In contrast, the double 
bonds in structures II and III are both cndocyclic. 
Inasmuch as six-membered chelate rings containing 
tui) double bonds are more stable than rings with 
one cndocyclic and one e.xoc\-clic double bond, it is 
considered that structures II or III are more proba- 
ble than I. The phenethyl group should make the 


nitrogen in the adjacent amino group more basic 
than the nitrogen in the imino group and it would 
therefore be more likely that the former would 
participate in chelation than the latter. Accord- 
ingly, it is suggested that structure III would he 
more probable than structure II. Unfortunately, 
the infrared absorption spectra do not indicate which 
of the chelate structures has actually formed. 

MICROBIOLOGICAL STUDIES 

Strains of Serratia, Escherichia, Bacillus, Staphylo- 
coccus, Saccharomyces, and Chlorella were grown in 
both complex and minimal synthetic agar media and 
the microstatic concentrations of PEBG were deter- 
mined for each strain in each environment. Filter 
paper disks containing 1 X 10 M solutions of the 
respective nitrates listed in the section on chemical 
studies'were placed on inoculated complex and syn- 
thetic agar media containing submicrostatic, micro- 
static, and excess microstatic concentrations of 
PEBG. In subsequent experiments the copper and 
nickel complexes of PEBG were tested for micro- 
static activit}'. 

The minimal microstatic concentrations of PEBG 
in complex media and the effects of the nitrates of 
iron on these concentrations are given in Table I. 
It may be observed that with each microorganism, 
the activity of PEBG was depressed by iron. No 
significant depressing or enhancing effects on PEBG 
were observed with any of the other metallic 
nitrates tested except that of a slight depressing ef- 
fect by aluminum with Escherichia. Similar mini- 
mal microstatic concentrations and depressing ef- 
fects of iron were observed when the microorganisms 
were grown in synthetic media. The copper and 
nickel chelates possessed approximate!}' the same 
microstatic activity as PEBG in complex media but 
were five to ten times more active in synthetic 
media. Presumably the chelates are dissociated bj' 
the microorganisms since the apparently enhanced 
activity in synthetic media was found to be caused 
by copper or nickel when these metals were tested 
(as the nitrates) in the absence of PEBG. These 
metallic ions are not toxic in complex media because 
of the numerous protective metal binding agents 
(amino acids, vitamins, etc.) in such media. 

Molar concentrations of PEBG between 1 X 10“’ 
and 1 X 10“’ were tested for microstatic activity to 
determine the possible existence with this com- 
pound of the phenomenon of "concentration quench- 
ing." Such metal binding agents as 8-hydrox}'- 
quinoline and dimeth}'ldithiocarbamic acid, for 
example, are more active at lower than at higher 
concentrations in media containing a constant low 
amount of iron or copper, respectively (13). In con- 
trast, such metal binding agents as the tetrac}’clines 
and bacitracin do not become less active as their 
concentration is increased in an environment with a 
fixed concentration of metal ions (14). Like the 
antibiotics, PEBG did not exhibit “concentration 
quenching”; the drug was completely inactive at 
levels helow 1 X 10“’ il/ with each test genus. 
Despite the fact that these results indicate that 
PEBG does not appear to require an extracellular 
equimolar concentration of a metallic ion for micro- 
static activity, it is quite possible that the mole- 
cules of the drug that enter the cell can form die- 
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Table I. — ErrEcx or Metallic Ions on the Minimal Microstatic Concentrations of Phenethyl- 

BIGUANIDE 






Concentration of PEBG, X 10 * 

Afo 


Genus 

Disk 

0 

1 

2 

3 

4 5 

10 

20 

Scrralia 

Deionized HjO 

c 

c 







Fe++ or Fe + + + 

c 

c 

+ 


-i- 




Other 22 cations 

c 

c 






Escherichia 

Deionized H 2 O 

c 

c 







Fe + +or Fe + + + 

c 

c 

+ 

+ 





Other 22 cations'* 

c 

c 






Bacillus 

Deionized HjO 

c 

c 

c 

c 





Fe++or Fe + '*- + 

c 

c 

c 

c 





Other 22 cations 

c 

c 

c 

c 




Staphylococcus 

Deionized H:0 

c 

c 






Fe + +orFe + + + 

c 

c 

-f 






Other 22 cations 

c 

c 






Saccharomyccs 

Deionized HjO 

c 

c 






Fe + + or Fe + + + 

c 

c 

+ 

4" 

-b 




Other 22 cations 

c 

c 






Chlorella 

Deionized HjO 

c 

c 

c 

c 

c 




Fe + + or Fe + + -*- 

c 

c 

c 

c 

c -t- 

-b 

-b 


Other 22 cations 

c 

c 

c 

c 

c 




“ Complete growth throughout plate C many colonies around disL (no growth in remainder of plate), +. no colonies 
around dlsL or in remainder of plate except for aluminum rvhich allowed colonies to appear at a concentration of 2 X 10"* Af 


lates with intracellular metal ions and that a 1:1 
complex might be the actual toxic entity for specific 
enzymatic systems 

In other experiments, the effect of PEBG on the 
requirement of zinc for (a) the antibacterial action 
of bacitracin and (b) the production of prodigiosin 
by certain strains of Scrralta was studied and com- 
pared with the effect of ethylenediaminetetraacetic 
acid (EDTA) on these zinc-dependent functions 
In contrast to EDTA which can depress the action 
of bacitracin by depriving the antibiotic of zinc 
(14), PEBG had no effect on the antibacterial ac- 
tion of the drug (Fig 3) Both EDTA and PEBG 
prevented the formation of prodigiosin by zinc de- 
pendent strains of Serratta, but excess zinc was not 



Fig 3. — ^Extent of visible growth in nutrient agar 
plates seeded with Staphylococcus aureus after two 
days at 37°. The shaded areas represent areas 
containing bacterial colonies. The rectangles rep- 
resent filter paper strips that were briefly soaked in 
the material stated on the specific rectangle and 
then placed on the inoculated agar at the beginning 
of the period of incubation The concentration of 
each of the solutions of bacitracin, PEBG, and 
EDTA was 1 X 10"’ ilf. 


able to suppress this action of either of the metal 
binding agents In contrast, ferrous iron (which, 
like zinc, is required for prodigiosin production) 
was able to reverse the action of both EDTA and 
PEBG 

Although previous and present chemical studies 
with biguanides indicate that stable chelates are 
formed mainly with copper and nickel, the previous 
and present biological studies indicate that iron- 
dependent enzymatic systems may be affected by 
PEBG The compound has been reported to 
inhibit a cytochrome oxidase system of rat liver 
homogenates (15) and to suppress a portion of the 
electron transport system before cytochrome b of 
rat liver mitochondria (16) Many portions of this 
part of the electron transport system are activated 
by iron (17) This situation may be analogous to 
that of the tetracyclines which form strong chelates 
with copper and nickel but which attack iron-de- 
pendent enzymes; as with PEBG, iron rather than 
copper and nickel strong^' affects the actions of the 
tetracyclines ( 18) 

It is apparent from the previous and present bio- 
logical studies with PEBG that zinc is not involved 
in the activities of the compound And since the 
hypoglycemic action of PEBG is apparently not 
associated with the utilization of insulin (16), such a 
result is not unexpected 

In subsequent studies with PEBG it is obvious 
that the chelating ability of the compound should 
be considered as both a possible beneficial and a 
detrimental characteristic of the drug For example, 
might side effects of the compound be eliminated by 
including an iron salt in the PEBG formulation’ 
Or, would a strong chelating agent such as a salt 
of EDTA potentiate the action of PEBG by reduc- 
ing the amount of iron available to neutralize the 
drug’ Many additional questions of this nature 
can be raised, and investigations designed to answer 
these questions will undoubtedly aid in the more 
efficient chemotherapeutic usage of the drug as well 
as in the ultimate elucidation of its biochemical 
mechanism of action. 
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SUMMARY 


1. Evidence is presented for the formation of 
metal complexes of phenethylbiguanide with 
copper and nickel. 

2. Antimicrobial activities of phenethjd- 
biguanide are not affected by copper or nickel 
but are depressed by iron. 
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The Solubility of Benzoic Acid in Mixed Solvents* 

By MARVIN J. CHERTKOFFf and ALFRED N. MARTIN 

The solubility of benzoic acid was determined in mixtures of several solvents of 
varying polarity. The experimental results were compared with the theoretical 
solubility as calculated from the Hildebrand equation for regular solutions. The 
theoretical and experimental results agree well in the region where the solubility 
parameter of the solute approaches that of the solvent mixture. 


flyTosT LIQUID PHARMACEUTICALS consist of One 
or more solids dissolved in a mi.xture of 
liquids. The solubility of the solids varies with 
the composition of the solvent mixture, therefore, 
information which would allow the pharmacist to 
control the solvent properties of a mixture of 
liquids would be of great value. 

This investigation was undertaken to study the 
solubility of a solute in a series of mixed solvent 
si'stems. Benzoic acid was chosen as a prototype 
of relatively polar pharmaceutical solids and the 
solvents were selected to provide a continuous 
spectra of increasing polarity from hexane to 
water. The experimental findings were analyzed 
based on the polarity of the solvent mixture, 
utilizing the Hildebrand equations for solubility. 

A solution which obeys Raoult’s law is known 
as an ideal solution. The solubility of the solute 
in such a system may be calculated from the 
heat of fusion of the solute and the heat capacities 
of this solid and of its supercooled liquid. Hilde- 

* Reccned August 21, 1959, from the School of Pharmacy, 
Purtlue University, Lafayette, Ind 
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brand and Scott (1) derived such a relationship. 


log .Vi = 


ACp 
4 576 


( 


■ 4.576 V 
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ACp 

1.987 
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log 



(Eq. 1) 


where X 2 is the mole fraction solubility at tempera- 
ture T, AH„f the heat of fusion of the solute at its 
melting point Tm, and ACp = Cp — Cp‘ where 
Cp* and Cp^ are the molal heat capacities of the 
liquid and solid forms, respectively. 

For regular solutions {2), those in which heat is 
absorbed on mixing but no entropy change oc- 
curs, short range interactions between the com- 
ponents must be considered. Equation 1 is 
modified (3) to Eq. 2 


log .v. 


AH„'^ (T„ - T\ 

4.575 V T„T ) 

ACp (T„- T\ ACp T„ 

4.575 \ T ) 1.987 T 


V2 

4.575 T 


(«. 


hY 


(Eq. 2) 


in which is the molar volume of the solute, 
<t>i is the volume fraction of the solvent, and 
5, and 0 . are the “solubility' parameters” of the 
solvent and solute, respectively. The solubility 
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parameter, as defined by Hildebrand and Scott 
(4), is the square root of the internal pressure of 
the substance, a measure of its polarity, so that 
^ the more polar a substance the greater its 8 value. 
Although Hildebrand restricts the use of his 
equation to nonpolar solvents, an attempt is 
made in a later part of this communication to 
sliow that the equation for regular solutions is 
applicable in some systems when the polarity of 
the solvents are not significantly different from 
one another. 

For two component solvent sj^stems, <j>i is 
taken as the volume fraction of the combined 
solvents a and b, and the new solubility param- 
eters for the mixed solvents may be calculated 
from 


= (Eq.3) 

where (^1 + 

EXPERIMENTAL 

Reagents. — Benzoic acid. Fisher certified reagent 
A. C. S. grade (A-65), recrystallized from chloro- 
form; ethyl acetate, Fisher certified reagent A. C. S. 
grade (E-145); carbon tetrachloride, spectroanalyzed, 
Fisher certified reagent A. C. S. grade (C-199); 
hexane, Viking petroleum solvents. United Fuel Gas 
Co., Charleston, W. Va., boiling point 65-67°; 
distilled water, deionized by passage through IRA 
120 and IRA 400 resins; commercial absolute eth- 
anol, redistilled and dried over 20-mesh Drierite 
(5). 

Procedure. — A slight excess of solid was added to 
a given volume of the solvent mixture contained 
in a screw-top bottle. A closure was made with 
aluminum foil, the top fixed tightly over the foil, 
and the whole sealed with several turns of electrical 
tape. The bottles were shaken in a constant tem- 
perature bath (Waco Aquarium Vis bath) at 25 ± 
0.1° for twenty-four hours. The equilibrated solu- 
tions were then removed, filtered, and samples 
taken. 

The saturated solutions were suitably diluted with 
95% ethanol, and the concentration of the benzoic 
acid was determined spectrophotometric.alty on a 
Beckman model DU spectrophotometer at 272.5 

mti. 

Densities of the saturated solutions were deter- 
mined gravimetrically. 

CALCULATIONS 

The ideal solubility of benzoic acid was calculated 
from Eq. 1 using the following data : AHm‘^ — 4302 
cal./mole (6). r„ = 395.0° (7), and ACp = Cj,' - 
». Cp' (at the melting point) = 13 83 cal./degree/raole 
(7). 

For the calculated solubilities in different solvent 
mixtures, Eq. 2 was used. The density of the super- 
cooled liquid benzoic acid at 25° was not available in 
the literature, however the density of the liquid had 
been reported at several temperatures above its melt- 
ing point. A plot of density against temperature 


’nperature, 

® C. 

Densitj', 

Gm /cc. 

Reference 

122.5 

1 080 

(8) 

125 0 

1 077 

(9) 

130 0 

1 078 

(8) 

130.0 

1.075 

(10) 

131.9 

1 074 

(11) 

155.0 

1.052 

(10) 

180.0 

1.029 

(10) 


gave a linear relationship, and by the method of least 
squares, the equation for the regression line was 
found to be 


d = 1.1926 - (9.064 X lO'H > 


The density at 25° was calculated to be 1.1699 
Gm./cc., which gave a molar volume of 104.38 
cc./mole. 

The solubility parameters used were as follows: 
Hildebrand and Scott (12) gave 5 = 7.3 for hexane 
and S = 8.6 for carbon tetrachloride. The solubility 
parameters for «-propyl, amyl, «-hexyl, «-heptyl, and 
n-octyl alcohol were taken from Hildebrand and Scott 
(13), and those for methyl and n-butyl alcohol were 
calculated from their internal pressures (14). These 
values were plotted against number of carbon atoms 
and a smooth curve was fitted. This line crossed 
the two carbon coordinates at a solubility parameter 
value of 13.0 which was used for ethyl alcohol. 

The solubility parameter of benzoic acid was cal- 
culated as 11.5 from the solubility data in hexane. 
The values for water and ethyl acetate were calcu- 
lated from the equation ( 15) 


and were found to be 23.4 and 9.0, respectively. 

In Eq. 4, AH’ is the molar heat of vaporization, 
V' is the molar volume at 25°, R is the gas constant, 
and T is the absolute temperature. For water, the 
heat of vaporization at 25° was taken as 582.2 cal./ 
Gm., an average of the values at 20° and 30° (16). 

For ethyl acetate, the following heats of vaporiza- 
tion were plotted and the value at 25° read as 97.5 
cal./Gm.t 


Temperature, 

* C cal /Gm 

0 0 102 00 

76.0 87.63 

76.5 87.97 


Reference 


(17) 

(18) 
(19) 


An e.xample of these calculations for the solubility 
of benzoic acid in a mixture of equal volumes of ethyl 
acetate and hexane at 25° follows: 

From Eq. 3 

S — _ 

' ’ba -h ’bb 

(0.5 X 7.3) + (0.5 X 9.0) ^ 

0.5 + 0.5 


Then employing Eq. 2 

. _ 4302 (395.6 - 298.2) 

4.575 X 395.6 X 298.2 
13.83 (395.6 - 298.2) __ 1^ 395.6 

4.575 X 298 2 1.987 292.2 

104.38 (11.5 - 8.15)= (l)i 

4.575 X 298.2 

log X, - 1.5014 x. = 0.03152 
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In the above calculation, 0 i was taken as equal to 
one. In more concentrated solutions this introduces 
a substantial error, so that the method of successive 
approximations was applied to obtain a theoretical 
01 Using Eq. 5, which was obtained by combining 


(1 - x.) P, 
(1 - X.) Fi + 


(Eq. 5) 


the equations for volume fraction and mole fraction, 
and the value for obtained above, a new 0 i was cal- 
culated which was then used in Eq. 2 to recalculate 
.Yo. This procedure was repeated several times until 
.Yj did not change significantly and a final theoretical 
mole fraction solubility was obtained. For practical 
work these values would, of course, be converted to 
the molal scale, or knowing the densitj' of the solu- 
tion, to molarity. 

The values for Fi, the molar volume of the solvent, 
were calculated as weighted averages of the molar 
volume of the components of the solvent mixture in a 
manner similar to that used for the calculation of 5 
values of the mixed solvents. The error introduced 
by the assumption that molar volumes are additive 
was accepted to simplify the calculations. 
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SOLUBILITY PARAMETERS OF SOLVENT MIX- 
TURES (h) 


Fig. 1. — Mole fraction solubilitj’ af benzoic acid 
vs. solubility parameters of the solvent mixtures 
hexane-ethyl acetate, ethyl acetate-ethyl alcohol, 

ethyl alcohol-water. observed, • hexane- 

ethyl acetate, □ ethyl acetate-ethyl alcohol, o 
ethyl alcohol-water; — calculated. 


DISCUSSION 

From Eq. 2 it is obvious that when 5i = S 2 , the last 
term becomes equal to zero, Eq. 2 becomes identical 
with Eq 1, and the ideal solubility of the solute 
should be observed. If a pair of miscible liquids are 
chosen so that their solubilitj- parameters lie on 
either side of that for a solute, the volume fractions 
of the two which will make dt = Sj can be calculated 
from Eq. 3. Such a mixture would be an “ideal” sol- 
vent for that solute; that is, the solute would exhibit 
the solubility predicted bj- the ideal solubility equa- 
tion, provided the solution meets the criteria of a reg- 
ular solution as defined b 3 - Hildebrand and Scott. 
Also, since the last term of Eq. 2 is negative, its pres- 
ence will lower the value of .yj ; when this last term is 
equal to zero, the maximum solubilitj' should be ob- 
served. 

Figure 1 -.hows the results of the calculated and ob- 
'crved mole fraction solubilities of benzoic acid (n;) 
lersiis the solubilitj- parameters of the solvent mix- 


tures ethyl acetate-hexane, ethyl acetate-ethanol, 
and ethanol-water. The calculated curve reached 
a maximum peak at 5 = 11.5, since this was the solu- 
bilitj'^ parameter for benzoic acid. The experimental 
curve exhibited a plateau region from about 10.2 to 
11 . 8 . 

The similarity^ of these two curves is surprising, 
since such excellent agreement is not often observed 
in solubility- work; furthermore, the high polarity 
and hj-drogen bonding in the system makes these re- 
sults all the more interesting. The calculated ideal 
solubilitj- of benzoic acid at 5i = 11.5(x2 = 0.2275) lies 
on the experimental curve. Gordon and Scott (20) 
investigated a nonpolar sj-stem, phenanthrene dis- 
solved in a mixture of methj-lene iodide and cj-clo- 
hexane having various 5 values, and found that while 
the maximum solubility occurred where Sjohent 
= Saoiutc. the experimental solubility was consider- 
ably- below that of the ideal value. 

In the present study, good agreement was found 
between observed and calculated solubilitj- from 
about 50 to 100% v/v ethyl alcohol in ethyl acetate 
(S = 11,0 to 13.0). As the concentration of ethyl 
acetate increased, the theoretical and experimental 
values no longer coincided, as observed in the left 
hand portion of the curve in Fig. 1. The same be- 
havior was observed as water was added, that is, for 
S values of 14.0 to 23.4 Interactions between the 
solute and these solvents ivould cause a change in en- 
tropy-, creating a nonregular solution, and thus the 
Hildebrand treatment would not be expected to ap- 
ply. In view of this, the surprising fact is not that 
deviation occurred over most of the curves, but that 
the curves coincided in the region of the maximum (S 
= 11.5). Perhaps the magnitude of the interactions 
in the peak area were .such that deviations from reg- 
ular solution theory- nullified one another. 



5 10 15 20 25 

SOLUBILITY parameters OF SOLVENT MIX- 
TURES (Si) 

Fig. 2. — Mole fraction solubility of benzoic acid 
vs. solubilitj- parameters of the solvent mixtures 
hexanc-ethj'l alcohol, carbon tetrachloride-ethyl 

alcohol, ethyl acetate-ethyl alcohol. observed, 

■ hexane-ethj-1 alcohol, O carbon tetrachloride- 

cthj-I alcohol, • ethj -1 acetate-ethj -1 alcohol; 

calculated. 


Additional experimentation was conducted to ver- 
ify- these findings. Sy-stems were chosen so that the 
S values of the two liquids in a given solvent mixture 
bracketed the S value of benzoic acid. Figure 2 dem- 
onstrates the solubilitj- obtained for benzoic acid in 
three mixed solvent systems. In each case, ethanol 
was taken as the solvent u-ith the 5 value (13 0) 
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higher than that of benzoic acid (11 5) since it was 
completely miscible with all the other liquids used in 
this study As tlie solubility parameters of the low 
polarity solvents, hexane (7 3), carbon tetrachlonde 
(8 6), and ethyl acetate (9 0) approached that of 
ethanol (13 0), the curve of experimentally deter- 
mined solubility approached the theoretical curve 
In the hexane-ethanol system, neither qualitative 
nor quantitative agreement of experimental and 
theoretical results was observed Qualitative agree- 
ment was found in the carbon tetrachloride-ethanol 
system, that is, the maximum solubility was ob- 
served at approximately the theoretically predicted 
value, however, quantitative agreement was not 
good. 

In the ethyl acetate-ethanol system both qualita- 
tive and quantitative correlations were obtained 
From a practical standpoint, these results suggested 
that in order to attain the maximum solubility of a 
compound in a mixed solvent system, the solvents 
should not only provide a 8 value equal to that of the 
solute, but furthermore, the individual solvents of 
the mixture should not be too widely separated in 
polarity. Further investigations on the applica- 
tion of the Hildebrand formulation to solutions of 
moderately high polarity must be conducted to de- 
termine if the correspondence observed in these sys- 
tems occurs with other polar solvents and solutes 
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The Photo-oxidation of Dihydroxyphenylalanine 
in the Presence of 8-Methoxypsoralen* 

By JOSEPH JUDIS 


8-Methoxypsoralen (8-MOP) is well known for its ability to stimulate melanin for- 
mation in vitiligo or normal skin if administration is coupled with exposure to sun- 
light or ultraviolet light. As an approach to studying the mechanism of action of 
8-MOP, the latter was incubated with DOPA and exposed tp various types of light. 
Sunlight, white light, or long wave ultraviolet light (3660 A.) stimulated the oxida- 
tion of DOPA in the presence of 8-MOP but not in the absenc.e of the latter. 8-MOP 
protected DOPA agaipst short wavelength ultraviolet(2540 A.) although DOPA was 
oxidized by the latter in the absence of 8-MOP. The photo-oxidation of DOPA in 
the presence of long wavelength ultraviolet light and 8-MOP was more rapid at pH 
values above 7 and was completely inhibited by ascorbic acid, cysteine, cysteamine, 
8-arainoethylisothiuronium bromide HBr, and partially inhibited by sodium thio- 
glycollate. The possible implication of these in vitro observations to the mode of 
action of 8-MOP in vivo is discussed. 


A CRYSTALLINE PRINCIPLE, 8-methoxypsoralen 
(8-MOP),' found in the fruit of the plant 
Ammi majtis Linn , is one of the several furocou- 
marins recently isolated from this source (I). 
At the present time, 8-MOP is widely used, both 
oralty and topically, as a treatment for vitiligo 


* Received Augu'it 21, 1959, from the College of Pharmacy, 
Uni% ersity of Toledo, Toledo, Ohio 

Presented to the Scientific Section, A Pri A , Cincinnati 
meeting, August 1959 

* Hereafter. S methoxypsoralcn Mill be abbre\iated as S- 
MOP, and dihydroxyphenjlalanine Mill be abbrcMated as 
DOPA 


(2, 3) as well as for the promotion of suntannin 
m normal persons (4, 5, 0) 

While it has been clearly established that S 
MOP stimulates pigmentation of the skin, ib 
mechanism of action is not understood. Pi: 
mentation is due to the formation of melanin i" ^ 
a number of steps (7-10) beginning tvr 
The classic scheme (10) for the 
tion of tyrosine consists of 
(a) oxidation in the presenj^PF ^ 
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Wavelength in Mil limicrons 

Fig. 1 — Photo-oxidation of DOPA by 8-MOP in 
white light A, DOPA plus 8-MOP in white light; 
B, DOPA without 8-MOP in white light; C, 
DOPA plus 8-MOP in the dark. Time of irradia- 
tion : forty-five minutes. 


DOPA; (6) further oxidation of DOPA by 
tyrosinase to DOPA quinone; (c) condensation 
to a leuco compound; (d) oxidation to DOPA 
chrome; (e) decarboxylation and reduction to 
5,G-dihydroxyindole; (/) oxidation to indole 5,6- 
quinone; (g) polymerization and oxidation to 
DOP.A melanin. In vivo, the quinones would re- 
act readily, before or after polymerization, with 
the SH and NH 2 groups of proteins to form a 
melanoprotein compound. 

It is well known that the sequence of events 
leading to melanin formation is influenced by a 
number of factors such as copper, an essential 
part of tjTosinase; sulfhydryl groups, which 
inhibit and thus regulate the tyrosine-tyrosinase 
reaction ; various hormones such as the melano- 
crte-stimulating hormone (MSH), thyroid, 
adrenal, and gonadal; temperatme; electrolyte 
concentration; pH and oxidation-reduction po- 
tential. Since the stimulator}' effect of 8-MOP on 
melanin formation is clearly a photochemical one, 
it seemed of interest to see whether a key com- 
poimd, such as txTosine or DOPA could be photo- 
chemically oxidized to melanin, using S-MOP as 
the photosensitizer. In preliminarv' experiments, 
t}Tosine was not photo-oxidized under the con- 
ditions used but DOPA was, so the photo- 
uxidation of the latter compound was studied. 



Wavelength in Millimicrons 

Fig. 2. — Photo-oxidation of DOPA by 8-MOP 
in “black light.” A, DOPA plus 8-MOP in "black 
light;” B, DOPA without 8-MOP in "black light;” 
C, DOPA plus 8-MOP in the dark. Time of irradia- 
tion : Thirty-five minutes. 


MATERIALS AND METHODS 

Materials. — DOPA was obtained from the Cali- 
fornia Corp. for Biochemical Research or Nutri- 
tional Biochemicals Corp. The ascorbic acid, 
cysteine hydrocliloride, and cysteamine hydrochlo- 
ride were obtained from the California Corp. for 
Biochemical Research. The disodium versenate 
was supplied by Dow Chemical Corp., the sodium 
thioglycollate was obtained from Baltimore Bio- 
logical Laboratories, and the AET (j3-aminoethyl- 
isothiuronium bromide hydrobromide) was pur- 
chased from Schwartz Laboratories. The 8-MOP 
was used as the 1% lotion in isopropanol, acetone, 
and alcohol marketed by the Paul B. Elder Co., 
Bryan, Ohio, under the trademark of Oxsoralen. 
The other psoralen derivatives were a gift of the Paul 
B. Elder Co. The phosphate buffers of various 
pH’s were prepared bj' mixing the proper proportions 
of 0.0672/ KH-POi and 0.067 M NajHPOj. 

The artificial light sources were as follows: (a) 
white light, two 150-watt Sylvania flood lamps; 
(6) long wavelength ultraviolet, G. E. 15-watt "black 
light” emitting most of its radiations at approxi- 
matel}' 3660 A.; (c) short wavelength ultraviolet, 
G. E. 15-watt germicidal lamp emitting most of its 
radiation at 2540 A. 
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Procedure. — Tlie typical c.xpcrimeiita! procedure 
was as follows: the reaction mixtures were placed 
in 16 X 150 min. Kimax screw-cap test tubes at a 
distance of 10 cm. from the light source in the case of 
irradiation with "black light” or white light. 
Absorbance readings were made on the Spcctronic 
20 spectrophotometer. Absorption spectra were 
usually performed on the Beckman DU quartz 
spectrophotometer using the appropriate 1-cm. 
silica cells. When the G. E. germicidal lamp was 
used instead of the "black light,” quartz test tubes, 
approximately 15 X 150 mm, were substituted for 
the Kimax te.st tubes. In irradiating with white 
light, the test tubes were kept 18 cm. from the light 
source to allow for a water filter for absorption of 
the heat produced. 

The reaction mixtures normally contained 1 mg. 
of 8-MOP, 1 mg. of DOPA, 1 ml. of ethanol, and 
enough 0.067 M phosphate buffer of the appro- 
priate pH to make a total of 6.0 ml. If other 
ingredients were in the reaction mixture, an equiv- 
alent volume of the buffer was omitted. 

RESULTS AND DISCUSSION 

Lerner and his co-workers (11) incubated ultra- 
violet irradiated 8-MOP with tyrosinase and either 
tyrosine or DOPA. They found no effects on oxygen 
uptake or pigment formation. In the present study, 
DOPA and 8-MOP were incubated together and 
irradiated. Figure 1 gives the absorption spectrum 
curve of a reaction mixtrue irradiated with white 
light. The amount of pigment formed is not nearly 



Fig. 3. — Photo-oxidation of DOPA in ultraviolet 
liglit. A, DOPA without S-MOP in ultraviolet 
light; B, DOPA plus 8-MOP in ultraviolet light; 
C, DOPA plus S-MOP in the dark. Time of 
irradiation: Thirty-five minutes. 



Time in Minutes 

Fig. 4. — Photo-oxidation of DOPA by 8-MOP 
in "black light.” A, DOPA plus 8-MOP in "black 
light;” B, DOPA wdthout 8-MOP in "black light;” 
C, DOPA plus 8-MOP in the dark; D, S-MOP in 
"black light.” Absorbance was measured at 480 


so great as when "black light" is used as the source 
of light energy (see Fig. 2). With short wavelength 
ultraviolet light, the absorption curves (Fig. 3) of the 
reaction mixtures seem to indicate that the 8-MOP 
protects the DOPA against the ultraviolet light. 
This is a reasonable explanation since it is known 
from the ultraviolet absorption curve of 8-MOP (12) 
that the latter does absorb ultraviolet light at ap- 
proximately 250 m/i as well as at approximatelj^ 
300 m/i. 

Photo-oxidation of DOPA proceeded rather rap- 
idly with long wavelength ultraviolet as the source 
of radiant energy. A typical kinetic picture is shown 
in Fig. 4. A similar kinetic picture was obtained 
with two other psoralen derivatives, 8-isoamylene- 
oxypsoralen and 2',8-dimethylpsoralen. 

The effect of pH on the photo-oxidative reaction 
was found to be similar to that obtained by Hirsch 
(13) w'ho studied DOPA auto-oxidation as a function 
of pH. He found melanin yields from DOPA in a 
given time period to increase as the pH increased. 
The effect of pH on the photo-oxidation of DOPA is 
shown in Fig. 5. 

There has been a great deal of study on the ability 
of certain pure chemicals and tissue and blood 
constituents to inhibit the auto-oxidation of DOPA 
(14-17). Various workers leel that the body has a 
chemical mechanism for regulating DOPA oxidation 
as well as the oxidation of other physiological phe- 
nols. This mechanism appears to involve ~SH 
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Time in Minutes 

Fig 5 — The effect of pH on photo-oxidation of 
DOPA by 8-MOP in "black light ” A, pH 8 05, 
3, pH 6 6, C, pH 5 3 Absorbance was measured 
at 480 m/j. 

groups Substances or conditions preserving the lat- 
ter inhibit oxidation and the reverse stimulate oxida- 
tion Hirscli (13, 18) in addition, has pointed out 
that agents inhibiting radiation induced DOPAoxida- 
tion maj' operate by one or both of two mechanisms’ 
(a) by complexing copper which is an integral part of 
tjrosinase and which also stimulates DOPA oxida- 
tion jn vitio (19, 20, 21) and (b) by destro 3 ’ing oxidiz- 
ing radicals such as the hydroxyl and perhydroxyl 
radicals that would arise from the action of ionizing 
radiations in aqueous media in radiation-induced 
DOPA oxidation While the precise mechanism of 
the photochemical or photodynamic effect is not 
known, it is possible that the actual oxidation of the 
substrate maj' be due to the oxidizing radicals It 
therefore seemed worth while to determine whether 
radioprotective compounds which are believed to 
reduce these oxidizing radicals would also protect 
DOPA from photo-oxidation A couple of com- 
pounds believed to be radioprotective bj- a chelating 
mechanism were also included. Table I gives the 
results obtained 

It is well known that in the normal suntanning 
process, melanin formation is stimulated (8, 9, 22) 
■Whether new melanin is produced or previously- 
fonned but reduced melanin is oxidized is not known 
Nevertheless, it has been shown that sulfhjdryl 
groups inhibit melanin formation (7, 8) The 
mechanism by which 8-MOP ma 3 ’ stimulate the 
suntannmg process could possibl 3 ' be due to its 


Table I. — Effect of Various Substances on the 
Photo-oxidation of DOPA by 8-MOP in "Black 
Light” 



Final 

Ability to 

Substance 

Concentration 

Inhibit^ 

KCN 

0 03 M 

— 

Disodium versenate 

0 02 M 

— 

Ascorbic acid 

0 002 U 

+ 

Cysteine HCl 

0 005 M 

+ 

Sodium thioglycollate*' 

0 01 M 

-f 

Cysteamine HCl 

0 01 M 

+ 

AET 

0 01 M 

+ 


o The reaction mixtures contained 1 mg of 8 MOP, 1 mg 
of DOPA, 1 ml of ethanol, an appropriate amount of the test 
substance dissolved in pH 6 3, 0 067 M phosphate buffer, 
and enough phosphate buffer to make G 0 ml 

^ Sodium thioglycollate caused complete inhibition for 
thirty minutes, but by fifty minutes of irradiation, the in- 
hibition was completely overcome 


accumulation in the melanocytes where it would 
photocheraicall}’^ oxidize sulfhydrjd groups, thus 
allowing melanin formation to proceed In the 
experiment involving inhibitors of the photo-oxida- 
tion of DOPA, sodium thiogljxoHate inhibited for 
thirty minutes but b}^ fifty minutes of irradiation, 
the inhibition was almost completely overcome 
This is presumably due to the photo-oxidation of 
sodium thioglycollate. 

In vitiligo, the abnormality seems to be strictly a 
functional one of the melanocyte (23, 24). In this 
disease, it is possible that 8-MOP may act in several 
ways* (a) to photo-oxidize some inhibitor of melanin 
formation which is present in abnormal amounts in 
the vitiliginous area, (b) to photo-oxidize any 
quantities of DOPA present to melanin, (c) to raise 
the oxidation-reduction potential making the con- 
ditions more favorable for normal melanin forma- 
tion All of these speculations remain to be proved. 
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Fig 5 — The effect of pH on photo-oxidation of 
DOPA by 8-MOP in "black light ” A, pH 8 05, 
B, pH 6 6, C, pH 5 3 Absorbance Mas measured 
at 480 miu. 

groups Substances or conditions preserving the lat- 
ter inhibit oxidation and the reverse stimulate oxida- 
tion Hirsch (13, 18) m addition, has pointed out 
thatagentsinhibitingradiation induced DOPAoxida- 
tion may operate by one or both of tuo mechanisms: 
(a) by complexing copper ivhich is an integral part of 
tyrosinase and ivhich also stimulates DOPA oxida- 
tion in I’itio (19, 20, 21) and (5) by destroj’ing oxidiz- 
ing radicals such as the hydroxj-l and perhydroxyl 
radicals that would arise from the action of ionizing 
radiations in aqueous media in radiation-induced 
DOPA oxidation MOiile the precise mechanism of 
the photochemical or photodynamic effect is not 
known, it is possible that the actual oxidation of the 
substrate may be due to the oxidizing radicals It 
therefore seemed ivorth n hile to determine « hether 
radioprotective compounds nhich are believed to 
reduce these oxidizing radicals ivould also protect 
DOPA from photo-oxidation A couple of com- 
pounds believed to be radioprotective bj- a chelating 
mechanism Mere also included Table I gives the 
results obtained 

It is Mell knoMn that in the normal suntanning 
process, melanin formation is stimulated (8, 9, 22). 
ll’hether ncM melanin is produced or previously- 
formed but reduced melanin is oxidized is not knoM-n 
Nevertheless, it has been shown that sulfh 3 'dryl 
groups inhibit melanin formation (7, 8). The 
mechanism by ivhich 8-MOP maj- stimulate the 
suntanning process could possibh' be due to its 


Table I. — Effect of Various Substances on thi 
Photo-oxidation of DOPA by 8-MOP in "Blaci 
Light” 



Final 

Ability to 

Substance 

Concentration 

Inhibito 

KCN 

0 03 M 

— 

Disodium versenate 

0 02 M 

— 

Ascorbic acid 

0 002 M 

-b 

Cy'steine HCl 

0 005 M 

-t- 

Sodium thioglvcollate*' 

0 01 M 

4 " 

Cvsteamine HCl 

0 01 M 

+ 

AET 

0 01 M 

-b 


0 The reaction mixtures contained 1 mg of S-MOP, 1 mg 
of DOPA, 1 ml of ethanol, an appropriate amount of the tesi 
substance dissolved in pH 6 3, 0 067 A/ phosphate buffer 
and enough phosphate buffer to make 6 0 ml 

b Sodium thioglycollate caused complete inhibition foi 
thirty minutes, but by fifty minutes of irradiation, the in 
hihition was completely overcome 


accumulation in the meIanoc 5 'tes where it would 
photochemically oxidize sulfhydrjd groups, thus 
allowing melanin formation to proceed. In the 
experiment involving inhibitors of the photo-oxida- 
tion of DOPA, sodium thioglj-coHate inhibited foi 
thirtj’ minutes but by fifty minutes of irradiation, 
the inhibition was almost completely overcome 
This is presumably due to the photo-oxidation ol 
sodium thioglycollate. 

In vitiligo, the abnormality seems to be strictlj' a 
functional one of the melanocjTe (23, 24) In this 
disease, it is possible that 8-MOP may act in several 
M-ays' (a) to photo-oxidize some inhibitor of melanin 
formation which is present in abnormal amounts in 
the vitiliginous area, (5) to photo-oxidize any 
quantities of DOPA present to melanin, (c) to raise 
the oxidation-reduction potential making the con- 
ditions more favorable for normal melanin forma- 
tion All of these speculations remain to be proved. 
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Fig 5 — The effect of pH on photo-oxidation of 
DOPA by 8-MOP m “black light ” A, pH 8 05, 
B, pH 6 6, C, pH 5 3 Absorbance was measured 
at 480 m/i. 

groups Substances or conditions preserving tlie lat- 
ter inhibit oxidation and the reverse stimulate ox'ida- 
tion Hirsch (13, 18) m addition, has pointed out 
thatagentsinhibitmgradiation-induced DOPA oxida- 
tion may operate by one or both of two mechanisms: 
(a) by complexing copper which is an integral part of 
tyrosinase and which also stimulates DOPA oxida- 
tion in vilio (19, 20, 21) and (5) by destroying oxidiz- 
ing radicals such as the hydroxyl and perhj’droxyl 
radicals that would arise from the action of ionizing 
radiations in aqueous media in radiation-induced 
DOPA oxidation While the precise mechanism of 
the photochemical or photodynamic effect is not 
known, it is possible that the actual oxidation of the 
substrate may be due to the oxidizing radicals It 
therefore seemed worth while to determine whether 
radioprotective compounds which are believed to 
reduce these oxidizing radicals would also protect 
DOPA from photo-oxidation. A couple of com- 
pounds believed to be radioprotective by a chelating 
mechanism were also included Table I gives the 
results obtained 

It is well known that in the normal suntanning 
process, melanin formation is stimulated (8, 9, 22) 
Whether new melanin is produced or previously- 
fonned but reduced melanin is oxidized is not known 
Nevertheless, it has been shown that sulfhj'dr 3 d 
groups inhibit melanin formation (7, 8) The 
mechanism by which 8-MOP maj- stimulate the 
suntanning process could possiblj' be due to its 


Table I. — Effect of Various Substances on the 
Photo-oxidation of DOPA by 8-MOP in "Black- 
Light” 



Final 

Ability to 

Substance 

Concentration 

Inhibit^ 

KCN 

0 03 M 

— 

Disodium versenate 

0 02 M 

— 

Ascorbic acid 

0 002 M 

+ 

Cj-steine HCI 

0 005 M 

-f 

Sodium thioglj'collate'' 

0 01 M 

+ 

Cysteamine HCI 

0 01 M 

+ 

AET 

0 01 M 

-f 


o The reaction mixtures contained 1 mg of 8-MOP, 1 mg 
of DOPA, 1 ml of ethanol, an appropriate amount of the test 
substance dissolved in pH 0 3, 0 067 M phosphate buffer, 
and enough phosphate buffer to make G 0 ml 

Sodium thioglycollate caused complete inhibition for 
thirty minutes, but by fifty minutes of irradiation, the in- 
hibition was completely overcome 


accumulation in the melanocj’tes where it would 
photochemically oxidize sulfhj-dryl groups, thus 
allowing melanin formation to proceed. In the 
experiment involving inhibitors of the photo-oxida- 
tion of DOPA, sodium thiogljxollate inhibited for 
thirtj' minutes but bj- fifty minutes of irradiation, 
the inhibition was almost completelj' overeome 
This is presumablj' due to the photo-oxidation of 
sodium thioglj'collate. 

In vitiligo, the abnormality seems to be strictly a 
functional one of the melanocyte (23, 24). In this 
disease, it is possible that 8-MOP may act in several 
ways: (a) to photo-oxidize some inhibitor of melanin 
formation which is present in abnormal amounts in 
the vitiliginous area, (b) to photo-oxidize any 
quantities of DOPA present to melanin, (c) to raise 
the oxidation-reduction potential making the con- 
ditions more favorable for normal melanin forma- 
tion All of these speculations remain to be proved. 
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Fig 5 — The effect of pH on photo-oxidation of 
DOPA by 8-MOP m 'black light ” A, pH 8 05, 
B, pH 6 6, C, pH 5 3 Absorbance was measured 
at 480 aifi. 

groups Substances or conditions preserving the lat- 
ter inhibit oxidation and the reverse stimulate oxida- 
tion Hirsch (13, 18) m addition, has pointed out 
that agents inhibitingradiation induced DOPAoxida- 
tion ma}’ operate b 5 ' one or both of two mechanisms: 
(a) by complexing copper which is an integral part of 
tyrosinase and which also stimulates DOPA oxida- 
tion itt it/io (19, 20, 21) and (b) b\ destroying oxidiz- 
ing radicals such as the hydroxjl and perhydroxyl 
radicals that would arise from the action of ionizing 
radiations in aqueous media in radiation-induced 
DOPA oxidation While the precise mechanism of 
the photochemical or photodj’namic effect is not 
known, it is possible that the actual oxidation of the 
substrate maj be due to the oxidizing radicals It 
therefore seemed worth while to determine whether 
radioprotective compounds which are believed to 
reduce these oxidizing radicals would also protect 
DOPA from photo-oxidation A couple of com- 
pounds believed to be radioprotectii e by a chelating 
mechanism were also included Table I gives the 
results obtained 

It IS well known that in the normal suntanning 
process, melanin formation is stimulated (8, 9, 22) 
Whether new melanin is produced or previousl 3 '- 
fonned but reduced melanin is oxidized is not known 
Nevertheless, it has been shown that sulfhydrid 
groups inhibit melanin formation (7, 8) The 
mechanism b\- which 8-MOP may stimulate the 
suntanning process could possiblj- be due to its 


Table I, — Effect of Various Substances on the 
Photo-oxidation of DOPA by 8-MOP in "Black 
Light” 



Final 

Abilitj to 

Substance 

Concentration 

Inhibit^ 

KCN 

0 03 M 

— 

Disodium verseiiate 

0 02 M 

— 

Ascorbic acid 

0 002 M 

-h 

Cj’steine HCl 

0 005 M 

+ 

Sodium thioglj'collate'’ 

0 01 M 


Cvsteamine HCl 

0 01 M 

+ 

AET 

0 01 M 

+ 


Q The reaction mixtures contained 1 mg of 8 MOP, 1 mg 
of DOPA, 1 ml of ethanol, an appropriate amount of the test 
substance dissolved in pH 6 3, 0 067 M phosphate buffer, 
and enough phosphate buffer to make G 0 ml 

b Sodium thioglycollate caused complete inhibition for 
thirty minutes, but by fifty minutes of irradiation, the m 
hibition was completely o\ercorae 


accumulation in the melanocj’tes where it would 
photochemicall}’ oxidize sulfhj'drj-l groups, thus 
allowing melanin formation to proceed. In the 
experiment involving inhibitors of the photo-oxida- 
tion of DOPA, sodium thioglj'collate inhibited for 
thirtj' minutes but bj' fifty minutes of irradiation, 
the inhibition was almost completclj^ overcome 
This is presumablj' due to the photo-oxidation of 
sodium thioglycollate 

In vitiligo, tile abnormality seems to be strictlj a 
functional one of the melanocyte (23, 24) In this 
disease, it is possible that 8-MOP may act in several 
ways' (a) to photo-oxidize some inhibitor of melanin 
formation which is present in abnormal amounts in 
the vitiliginous area, (6) to photo-oxidize any 
quantities of DOPA present to melanin, (c) to raise 
the oxidation-reduction potential making the con- 
ditions more favorable for normal melanin forma- 
tion All of these speculations remain to be proved 
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Effects of Fatty Acids on Vitamin A Esters 
in Isopropanol Solutions* 

By ALBERT J. FORLANOf and LOYD E. HARRIS 

Vitamin A ester degradation was studied in isopropyl alcohol, isopropyl alcohol 
and water, cyclohexane, and in these solvents containing members of the acetic 
acid series of fatty acids. The results indicate that {a) the principal methods of deg- 
radation are oxidation and elimination in hydroxylated solvents, (J>) water increases 
the rates of elimination, (c) fatty acids decrease the rates of elimination, and {d) ox- 
idation is the main route of decomposition in hydrocarbon solvents. The stabiliz- 
ing mechanism of the fatty acids was studied by examining the effects of fatty acids, 
water, and isopropyl alcohol on anhydrovitamin A. 


l^iTAMiN A esters were unstable in vanishing 
' creams containing stearic acid. The nature 
of this instability has not been established. The 
stud}' reported herein was undertaken to deter- 
nnne whether fatty acids caused this instability 
and the nature of the decomposition. Since 
vitamin A is known to be sensitive to mineral 
acids (1, 2), it was assumed that stearic acid was 
the causative agent. That the rate was slower 
in the presence of fatty acids appeared to be re- 
lated to the smaller (!!■*■) liberated by the fatty 
acids. 

Vitamin A palmitate degradation was initially 
studied in M-he.xane and isopropanol, both con- 
taining 5 per cent stearic acid. In «-hexane 
vitamin A was lost mainly through oxidation; 
however in isopropanol, both elimination and 
oxidation occurred. A plot of log concentration 
versus time was a straight line indicative of a 
first-order dependence on the vitamin A con- 
centration. Some samples were chromatographed 
on Woelm alumina, deactivated by the addition 
of 6 per cent water. 

EXPERIMENTAL 

Materials Used in This Study. — Isopropanol 
(81-83°) Sohio; Fisher reagent grade stearic acid 
(68-69.5°); Fisher reagent grade palmitic acid 
(61-62°); Fisher laboratory chemicals oleic and 
caproic acids (purified); Eastman Kodak decanoic 
acid; Dupont reagent glacial acetic acid (99.7%); 
MalHnckrodt anhydrous ethyl ether; heavy liquid 
petrolatum U. S. P.; «-hexane (technical) OSU 
label (redistilled); Woelm neutral activated alumina 
for chromatography (M, Woelm, Eschwage, Ger- 
many); vitamin A acetate and palmitate, Hoff- 
mann-La Roche, Inc.; and butylated hydroxy 
V toluene (BHT ), food grade, Koppers Co. , Inc. 

\ Stability of Vitamin A in the Presence of a Ho- 
/ mologous Series of Fatty Acids in Isopropanol. — The 

* Received August 21. 1959, from the College of Pharmacy, 
Ohio State University, Columbus 10. 

Based, in part, upon a Ph.D. dissertation submitted to the 
Graduate School, Ohio Stale University. 

t Present address: Chas. Pfizer & Co., Inc., Broofclyn, 
W.V. 

Presented to the Scientific Section, A. Pn. A., Cincinnati 
meeting, August 1959. 


purpose of this study was to determine (a) if they 
would accelerate destruction of vitamin A esters, (b) 
if there was any difference in the rates of destruction 
among the members of a homologous series of fatty 
acids, (c) the nature of decomposition. 

Isopropanol was chosen as the solvent because 
it is water miscible, good solvent for vitamin A 
esters and the fatty acids, and had only a slight 
destructive action on vitamin A (3). In order to 
determine the rates of decomposition and order of 
dependence on vitamin A, the other ingredients 
were in a large excess of the vitamin A concentra- 
tion. Fatty acid concentrations of 0.033A were used 
because mineral acids in the same concentrations 
were effective in causing elimination of vitamin A 
esters and alcohol (2). 

Preparation of Solutions. — The distilled isopro- 
panol was flushed with dry nitrogen for one hour. 
The water content of this solvent was calculated at 
0.056% by a Karl Fischer titration (4). Calculated 
quantities of caproic, decanoic, palmitic, stearic, and 
oleic acids were added to make 0.033 N solutions and 
enough vitamin A palmitate was added to make an 
approximate concentration of 10,000 u./ml. A 
control, not containing fatty acid, was also prepared. 
The solutions were placed into 120-raI. glass- 
stoppered amber bottles and their vitamin A 
potency was determined by the British Pharma- 
copoeia method (5). The air in these containers was 
displaced by nitrogen. These containers were 
subsequently stored at.45, 37, and 25°. When these 
solutions were titrated with base, it was found that 
none of the fatty acids were lost through esterifica- 
tion with the isopropanol. The U. V. absorption of 
the fatty acids did not interfere with the spectrum 
of the vitamin A. The rates of decomposition 
are given in Table I. Figure 1 represents the plot 
of log concentration of vitamin A versus time.. The 
control graph is submitted as representative of the 
entire group. 

This graph indicates a pseudo first-order re- 
action depending only on the concentration of vitamin 
A ester. The rate constants, except for a few cases 
{ki for stearic, palmitic, and oleic acids at 45° 
only), indicated that the rate of destruction was 
slower in the presence of fatty acids and also that the 
amount of anhydrovitamin A was smaller in the 
presence of fatty acids. The unc.\'pected drop in 
the 45° curve (Fig. 1) was due to oxidation which 
was seen in the entire series. The first three hundred 
hours could well be considered an induction period 
before oxidation began. The U. V. extinction at 
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Fig 5 — The effect of pH on photo-o\idation of 
DOPA by 8-MOP in '‘black light ” A, pH 8 05, 
B, pH 0 6, C, pH 5 3 Absorbance «as measured 
at 480 mfi, 

groups Substances or conditions preserving the lat- 
ter inhibit oxidation and the reverse stimulate oxida- 
tion Hirsch (13, 18) m addition, has pointed out 
that agents inhibitingradiation indueed DOPA oxida- 
tion may operate by one or both of tivo mechanisms' 
(a) b}' complexmg copper iihicli is an integral part of 
tyrosinase and uliicli also stimulates DOPA oxida- 
tion 11 ! I'llio (19, 20, 21) and (fc) by destroying oxidiz- 
ing radicals such as the liydroxxl and perhydroxyl 
radicals that Mould arise from the action of ionizing 
radiations in aqueous media m radiation-induced 
DOPA oxidation While the precise mechanism of 
the photochemical or photod} namic effect is not 
known, it is possible that the actual oxidation of the 
substrate may be due to the oxidizing radicals It 
therefore seemed north nhile to determine nhethcr 
radioprotectix e compounds nhich are believed to 
reduce these oxidizing radicals Mould also protect 
DOPA from photo-oxidation A couple of com- 
pounds bcliei ed to be radioprotectix c bi- a chelating 
mechanism Mere also included Table I gives the 
results obtained 

It is Mcll known that in the normal suntanning 
process, melanin formation is stimulated (8, 9, 22) 
Whether new melanin is produced or previously- 
formed but reduced melanin is oxidized is not known 
Nevertheless, it has been shown that sulflndryl 
groups inhibit melanin formation (7, 8) The 
mechanism by which S-MOP may stimulate the 
suntanning process could possibly be due to its 


Table I. — Effect of Various Substances on th 
Photo-oxidation of DOPA by 8-MOP in "Blaci 
Light” 


Substance 

Final 

Concentration 

Abilit) to 
Inhibit'i 

KCN 

0 03 M 

_ 

Disodium x’ersenate 

0 02 M 

— 

Ascorbic acid 

0 002 M 

-t- 

Cysteine HCl 

0 005 M 

+ 

Sodium thioglycollate'' 

0 01 M 

-1- 

Cvsteamine HCl 

0 01 M 

+ 

AET 

0 01 M 

-h 


o The reaction mixtures contained 1 mg of 8 MOP, 1 mf 
of DOPA, 3 ml of ethanol an appropriate amount of the tes 
substance dissolved in pH G 3, 0 067 Jf phosphate buffet 
and enough phosphate buffer to make G 0 mW 

Sodium thioglycollate caused complete inhibition fo 
thirty minutes, but by fifty minutes of irradiation, the in 
hihttion uas completed overcome 


accumulation in the melanoc 3 'tes where it wouh 
photochemicallj' oxidize sulfhydryl groups, thu 
allowing melanin formation to proceed In th 
experiment involving inhibitors of the photo-oxida 
tion of DOPA, sodium thiogljmollate inhibited fo 
thirtj’ minutes but bj' fiftj' minutes of irradiation 
the inhibition was almost completely overcome 
This is presumablj’ due to the photo-oxidation o 
sodium thioglycollate. 

In vitiligo, the abnormality seems to be strictly i 
functional one of the melanocyte (23, 24) In thii 
disease, it is possible that 8-MOP may act in severe 
ways (a) to photo-oxidize some inhibitor of melanii 
formation which is present in abnormal amounts ir 
the vitiliginous area, (6) to photo-oxidize anj 
quantities of DOPA present to melanin, (c) to raisi 
the oxidation-reduction potential making the con 
ditions more favorable for normal melanin forma 
tion All of these speculations remain to be proved 
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Effects of Fatty Acids on Vitamin A Esters 
in Isopropanol Solutions* 

By ALBERT J. FORLANOf and LOYD E. HARRIS 

Vitamin A ester degradation was studied in isopropyl alcohol, isopropyl alcohol 
and water, cyclohexane, and in these solvents containing members of the acetic 
acid series of fatty acids. The results indicate that (a) the principal methods of deg- 
radation are oxidation and elimination in hydroxylated solvents, (5) water increases 
the rates of elimination, (c) fatty acids decrease the rates of elimination, and (</) ox- 
idation is the main route of decomposition in hydrocarbon solvents. The stabiliz- 
ing mechanism of the fatty acids was studied by examining the effects of fatty acids, 
water, and isopropyl alcohol on anhydrovitamin A. 


"X riTAMiN A esters were unstable in vanishing 
^ creams containing stearic acid. The nature 
of this instabilitjf has not been established. The 
stud)' reported herein was undertaken to deter- 
mine whether fatty acids caused this instability 
and the nature of the decomposition. Since 
vitamin A is known to be sensitive to mineral 
acids (1, 2), it was assumed that stearic acid was 
the causative agent. That the rate was slower 
in the presence of fatty acids appeared to be re- 
lated to the smaller (H +) liberated by the fatty 
acids. 

Vitamin A palmitate degradation was initially 
studied in «-he.xane and isopropanol, both con- 
taining 5 per cent stearic acid. In M-he.xane 
vitamin A was lost mainly through oxidation; 
however in isopropanol, both elimination and 
oxidation occurred. A plot of log concentration 
I'ersns time was a straight line indicative of a 
first-order dependence on the vitamin A con- 
centration. Some samples were chromatographed 
on Woelm alumina, deactivated by the addition 
of 6 per cent water. 

EXPERIMENTAL 

Materials Used in This Study. — Isopropanol 
(81-83°) Sohio; Fisher reagent grade stearic acid 
(68-69.5°); Fisher reagent grade palmitic acid 
(61-62°); Fisher laboratory chemicals oleic and 
caproic acids (purified); Eastman Kodak decanoic 
acid; Dupont reagent glacial acetic acid (99,7%); 
Mallinckrodt anhydrous ethyl ether; heavy liquid 
petrolatum U. S. P.; w-hexane (technical) OSU 
label (redistilled); Woelm neutral activated alumina 
for chromatography (M. Woelm, Eschwage, Ger- 
many); vitamin A acetate and palmitate, Hoff- 
. mann-La Roche, Inc. ; and butylated hydroxy 
/ toluene (BHT), food grade, Koppers Co., Inc. 

\ Stability of Vitamin A in the Presence of a Ho- 
/ mologous Series of Fatty Acids in Isopropanol. — ^The 
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purpose of this study was to determine (a) if they 
would accelerate destruction of vitamin A esters, (b) 
if there was any difference in the rates of destruction 
among the members of a homologous series of fatty 
acids, (c) the nature of decomposition. 

Isopropanol was chosen as the solvent because 
it is water miscible, good solvent for vitamin A 
esters and the fatty acids, and had only a slight 
destructive action on vitamin A (3). In order to 
determine the rates of decomposition and order of 
dependence on vitamin A, the other ingredients 
were in a large e.xcess of the vitamin A concentra- 
tion. Fatty acid concentrations of 0.033W were used 
because mineral acids in the same concentrations 
were effective in causing elimination of vitamin A 
esters and alcohol ( 2 ). 

Preparation of Solutions. — The distilled isopro- 
panol was flushed with dry nitrogen for one hour. 
The water content of this solvent was calculated at 
0.056% by a Karl Fischer titration (4). Calculated 
quantities of caproic, decanoic, palmitic, stearic, and 
oleic acids were added to make 0.033 Absolutions and 
enough vitamin A palmitate was added to make an 
approximate concentration of 10,000 u./ml. A 
control, not containing fatty acid, was also prepared. 
The solutions were placed into 120-ral. glass- 
stoppered amber bottles and their vitamin A 
potency was determined by the British Pharma- 
copoeia method (5). The air in these containers was 
displaced by nitrogen. These containers were 
subsequentlj' stored at-45, 37, and 25°. When these 
solutions were titrated with base, it was found that 
none of the fatty acids were lost through esterifica- 
tion with the isopropanol. The U. V. absorption of 
the fatty acids did not interfere with the spectrum 
of the vitamin A. The rates of decomposition 
are given in Table I. Figure 1 represents the plot' 
of log concentration of vitamin A versus time.- The 
control graph is submitted as representative of the 
entire group. 

This graph indicates a pseudo first-order re- 
action depending only on the concentration of vitamin 
A ester. The rate constants, except for a few cases 
(ki for stearic, palmitic, and oleic acids at 45° 
only), indicated that the rate of destruction was 
slower in the presence of fatty acids and also that tlie 
amount of anhydrovitamin A was smaller in the 
presence of fatty acids. The une.xpected drop in 
the 45° curv'c (Fig. 1) was due to oxidation which 
was seen in the entire series. Tlie first three hundred 
hours could well be considered an induction period 
before oxidation began. The XJ. V. extinction at 
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Time in Minutes 

Fig 5 — The effect of pH on photo-o\idation of 
DOPA bj’ 8-MOP in "black light ” A, pH 8 05, 
B, pH G 6, C, pH 5 3 Absorbance nas measured 
at 480 

groups Substances or conditions preserving the lat- 
ter inhibit oxidation and the reverse stimulate oxida- 
tion Hirsch (13, 18) in addition, has pointed out 
thatagentsinhibitingradiation induced DOPAoxida- 
tion may operate b}’ one or both of U\o mechanisms' 
(a ) by complexing copper \\ Inch is an integral part of 
tyrosinase and uhich also stimulates DOPA oxida- 
tion 1)1 vitia (19, 20, 21) and (i) b\ destroy ing oxidiz- 
ing radicals such as the h}'drox> 1 and perhvdroxyl 
radicals that Mould arise from the action of ionizing 
radiations in aqueous media in radiation-mduced 
DOP.'V oxidation While the precise mechanism of 
the photochemical or photodynamic effect is not 
known, it is possible that the actual oxidation of the 
substrate may be due to the oxidizing radicals It 
therefore seemed north nhilc to determine whether 
radioprotectii e compounds nliich are believed to 
reduce these oxidizing radicals nould also protect 
DOPA from photo-oxidation A couple of com- 
pounds believed to be radioprotective by a chelating 
mechanism were also included Table I gives the 
results obtained 

It is nell knorni that in the normal suntanning 
process, melanin formation is stimulated (8, 9, 22) 
Whether nen melanin is produced or previously- 
fonned but reduced melanin is oxidized is not knonn 
Ne\crtlieless, it has been shon-n that sulfludrjl 
groups inhibit melanin formation (T, 8) The 
incchamsm by nhich S-MOP maj' stimulate the 
suntamnng process could possibly be due to its 


Table I. — Effect of Various Substances on the 
Photo-oxidation or DOPA by 8-MOP in ‘‘Black 
Light” 



Final 

Abilitj to 

Substance 

Concentration 

Inhibit^ 

KCN 

0 03 M 

— 

Disodium versenate 

0 02 M 

— 

Ascorbic acid 

0 002 M 

d- 

Cysteine HCl 

0 005 M 

-1- 

Sodium thioglycollate'' 

0 01 M 

+ 

Cvsteamine HCl 

0 01 M 

+ 

AET 

0 01 M 

+ 


o The reaction mixtures contained I niff of S MOP, 1 mf: 
of DOPA, 1 ml of ethanol, an appropriate amount of the test 
substance dissolved in pH G 3, 0 0G7 AI phosphate buffer, 
and enough phosphate buffer to make 6 0 ml 

f> Sodium thioglycollate caused complete inhibition for 
thirty minutes, but by fifty minutes of irradiation, the in- 
hibition \%as completely overcome 


accumulation in the melanocytes where it ivould 
photochemically oxidize sulfhydrjd groups, thus 
allowing melanin formation to proceed. In the 
experiment involving inhibitors of the photo-oxida- 
tion of DOPA, sodium thioglycollate inhibited for 
thirty minutes but by fifty minutes of irradiation, 
the inhibition was almost completely overcome 
Tins is presumably due to the photo-oxidation of 
sodium thioglycollate 

In vitiligo, the abnormalitj' seems to be strictly a 
functional one of the melanocj’te (23, 24) In this 
disease, it is possible that 8-MOP may act in several 
nays' (a) to photo-oxidize some inhibitor of melanin 
formation nhich is present in abnormal amounts in 
the vitiliginous area, (b) to photo-oxidize any 
quantities of DOPA present to melanin, (c) to raise 
the oxidation-reduction potential making the con- 
ditions more favorable for normal melanin forma- 
tion. All of these speculations remain to be proved. 
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Effects of Fatty Acids on Vitamin A Esters 
in Isopropanol Solutions* 

By ALBERT J. FORLANOf and LOYD E. HARRIS 


Vitamin A ester degradation was studied in isopropyl alcohol, isopropyl alcohol 
and water, cyclohexane, and in these solvents containing members of the acetic 
acid series of fatty acids. The results indicate that (a) the principal methods of deg- 
radation are oxidation and elimination in hydroxylated solvents, (6) water increases 
the rates of elimination, (c) fatty acids decrease the rates of elimination, and (d) ox- 
idation is the main route of decomposition in hydrocarbon solvents. The stabiliz- 
ing mechanism of the fatty acids was studied by examining the effects of fatty acids, 
water, and isopropyl alcohol on anhydrovitamin A. 


'^ITAMIN A esters were unstable in vanishing 
^ creams containing stearic acid. The nature 
of this instability has not been established. The 
study reported herein was undertaken to deter- 
mine whether fatty acids caused this instability 
and the nature of the decomposition. Since 
vitamin A is known to be sensitive to mineral 
acids (1, 2), it was assumed that stearic acid was 
the causative agent. That the rate was slower 
in the presence of fatty acids appeared to be re- 
lated to the smaller (H +) liberated by the fatty 
acids. 

I Vitamin A palmitate degradation was initially 
» . studied in «-hexane and isopropanol, both con- 
taining 5 per cent stearic acid. In »i-hexane 
vitamin A was lost mainly through oxidation; 
however in isopropanol, both elimination and 
oxidation occurred. A plot of log concentration 
Venus time was a straight line indicative of a 
first-order dependence on the vitamin A con- 
centration. Some sampleswere chromatographed 
on Woelm alumina, deactivated by the addition 
of G per cent water. 

EXPERIMENTAL 

Materials Used in This Study. — Isopropanol 
(81-83°) Soldo : Fisher reagent grade stearic acid 
(68-69.5°); Fisher reagent grade palmitic acid 
(61-62°); Fisher laboratory chemicals oleic and 
caproic acids (purified); Eastman Kodak decanoic 
acid; Dupont reagent glacial acetic acid (99.7%); 
Mallinckrodt anhydrous ethjd ether; heavy liquid 
petrolatum U. S. P.; ?;-hexane (technical) OSU 
label (redistilled); Woelm neutral activated alumina 
for chromatography (M. Woelm, Eschwage, Ger- 
many); vitamin A acetate and palmitate, Hoff- 
, mann-La Roche, Inc. ; and butylatcd hydroxy 
/ toluene (BHT), food grade, Koppers Co., Inc. 

\ Stability of Vitamin A in the Presence of a Ho- 
I mologous Series of Fatty Acids in Isopropanol. — The 
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purpose of this study was to determine (a) if they 
would accelerate destruction of vitamin A esters, (6) 
if there was any difference in the rates of destruction 
among tlie members of a homologous series of fatty 
acids, (c) the nature of decomposition. 

Isopropanol teas chosen as the solvent because 
it is water miscible, good solvent for vitamin A 
esters and the fatty acids, and had only a slight 
destructive action on vitamin A (3). In order to 
determine the rates of decomposition and order of 
dependence on vitamin A, the other ingredients 
were in a large e.xcess of the vitamin A concentra- 
tion. Fatty acid concentrations of 0.033 A were used 
because mineral acids in the same concentrations 
were effective in causing elimination of vitamin A 
esters and alcohol (2). 

Preparation of Solutions. — The distilled isopro- 
panol was flushed with dry nitrogen for one hour. 
The water content of tliis solvent was calculated at 
0.056% by a Karl Fischer titration (4). Calculated 
quantities of caproic, decanoic, palmitic, stearic, and 
oleic acids were added to make 0.033 N solutions and 
enough vitamin A palmitate was added to make an 
approximate concentration of 10,000 u./ml. A 
control, not containing fatty acid, was also prepared. 
The solutions were placed into 120-ml. glass- 
stoppered amber bottles and their vitamin A 
potency was determined by the British Pharma- 
copoeia method (5). The air in these containers was 
displaced by nitrogen. These containers were 
subsequently stored at-45. 37, and 25°. When these 
solutions were titrated with base, it was found that 
none of the fatty acids ivere lost through esterifica- 
tion w'ith the isopropanol. The U. V. absorption of 
the fatty acids did not interfere with the spectrum 
of the vitamin A. Tlie rates of decomposition 
are given in Table I. Figure 1 represents the plot 
of log concentration of vitamin A versus dine.- The 
control graph is submitted as representative of the 
entire group. ' 

This graph indicates a pseudo first-order re- 
action d epend in g onb'on th e concen tration of vitamin 
A ester. The rate constants, except for a few cases 
{k\ for stearic, palmitic, and oleic acids at 45° 
only), indicated that the rate of destruction was 
slower in the presence of fatty acids and also that the 
amount of anhydrovitamin A was smaller in the 
presence of fatty acids. The unexpected drop in 
the 45° curve (Fig. 1) was due to oxidation which 
was seen in tlie entire series. The first three hundred 
hours could well be considered an induction period 
before oxidation began. The U. V, extinction at 
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Table I. — Rate Constants for Degradation of Vitamin A in Isopropanol Solution 


(A/2.303 hr “> X 10<) 



Isopropanol 

0.033 A' 
Caproic 

0.033 A' 
Decanoic 

0.033 A^ 
Palmitic 

0 033 A’ 

Oleic 

0.033 A' 
Stearic 


Control 

Acid 

Acid 

Acid 

Acid 

Acid 

45° 

A. 

13 7 

12 0 

12.5 

14.9 

15.0 

15.0 

A: 

1 50 

1.00 

1.13 

1.05 

1.33 

1.25 

37° 

A, 

12 0 

7.70 

5.30 

5.90 

7.01 

S.OO 

A: 

1 25 

0.980 

0.938 

0.833 

0.910 

0.834 





Tint 


Fig. 1. — \'itamin A palmitate in “99%” isopropanol. 

280 mu rose sharply at the same time the unexpected 
drop in potency was observed. The hump in the 
25° curve is unexplainable even after careful 
consideration of the data collected. 

Chromatography. — The reaction mixtures were 
chromatographed on \t'oelm alumina deactivated by 
the addition of 6% water. Ninety-four grams of ac- 
tivated alumina was placed in a glass-stoppered flask 
containing G Gm. of water and the mixture was al- 
lowed to hydrate for two hours, enough purified 
H-hexane was added to the alumina to make a slurry. 
This slurry was poured into a glass column to a 
height of 10 inches of alumina. 

The isopropanol reaction mixtures were dried 
III vacuo and the residue was dissolved in 5 ml. of 
purified n-hexane. The solution was poured into the 
column and was immediateh’ followed by H-hexane 
so that the column would not dry out. The weakest 
eluant, n-hexane, was added first and 25-ml. frac- 
tions were collected. .-\nhydrovitamin A, the 
first substance eluted, was followed by vitamin A 
esters, both being eluted by H-hexane. The following 
eluate fractions contained vert' little material as 
determined by the U. V. absorption; consequently 
it was necessary to use stronger eluants (2, 4, 8, 
IG, 25, 40, 50, and 75(J: ethyl ether in H-he.\anc) to 
remove the substances remaining on the column. 

The U. V. spectra of each of these fractions were 
determined on a Beckman DK spectrophotometer. 
Each fraction was subsequently dried in vacuo and 
their I. R. spectra were determined using a Baird 
infrared spectrophotometer between sodium chloride 
plates. 

The following substances were identified and 
were eluted in this order: anhydrovitamin A 
(max. 351 ma, 371 m^l, and 391 mn): vitamin A 


esters (max. 326 mn)\ esterified oxidation products 
(max. 285 m/i); vitamin A alcohol (max. 325 m;i); 
rehydro substance (max. 333 m^, 348 m;u, and 369 
m/i); oxidation product (max. 280 m/j); oxidation 
product (max. 280 m^ and below 235 mu). 

Effects of Adaition of Water to the Isopropanol 
Samples. — Since the fatty acids had a stabilizing ac- 
tion on vitamin A palmitate in isopropanol, 5% of 
distilled ivater was added to the isopropanol to ob- 
serve the effects of increased ionization of the fatty 
acids. The exact water content was 4.66% by 
Karl Fischer titration (4). This solvent will be re- 
ferred to as ‘'95%” isopropanol. The solutions of 
vitamin A esters were prepared and treated in the 
same fashion as the previous series except that 
vitamin A acetate was substituted for vitamin A 
palmitate because the latter was not sufficiently 
soluble in "95%” isopropanol. 

A new assay method (6) was adopted because the 
"95%” isopropanol was not miscible with the 
cyclohexane of the B. P. method which is used as 
the diluting solvent . 

El = 314 mu, Ej = 320 mu, Ei = 338 mp 
E(l%,lcm.) (corr.) = 

3.61 (2E. - El - E,) 

% dilution X length of coll (cm.) 

Potency u. /ml. = jE'(l%,lcm.) X 1900 

The rates were measured over a period of one 
hundred and twenty hours at which time the 45° 
samples showed 60% loss. The rates of degrada- 
tion arc given in Table II. 

Table II. — Rate Constant.sfor the Degradation 
of Vitamin A in "95%’Tsopropanol Solution 

(A/2..303 X hr.-’ X 10') 



•1.';° 

37° 

2.')° 

Control (no fatty acid) 

41.7 

14.3 

3.9 

0.033 iV Caproic acid 

23.5 

7. 7 

2.4 

0.033 A’ Decanoic acid 

24.5 

10,1 

4.1 

0.033 A^ Palmitic acid 

24.0 

8.3 

2.0 

0.033 A' Oleic acid 

25.0 

7.2 

2.7 

0.033 A' Stearic acid 

27.9 

10.0 

5.6 


It appeared that in this case the fatty acids 
preserved the vitamin A potency and maintained a 
lower concentration of anhydrovitamin A, whereas 
water had a catalytic elTcct on vitamin A destruc- 
tion. 

plot of log concentration versus time of the 
control series is submitted in Fig. 2. 


J 
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Fig. 2. — Vitamin A acetate in "95%” isopropanoi. 

Since it was shown that the extinction at 391 
rajt could be used to determine the amount of 
anhj’drovitamin A present (1) the following formula 
was derived to convert JSjsi m^ into the original 
units of vitamin A from which it was derived. 

J^391 mii X 1115 

lydrovitamin A 

Calculations based on this formula showed that 
approximately 50% of the decomposition was of an 
eliminative nature. 

Alumina Chromatography of the Samples. — The 
control, 0.033 N palmitic and caproic acid samples 
at 45® were chromatographed on alumina according 
to the procedure described under the alumina 
chromatography of “99%” isopropanol series. 

Since many of the fractions contained identical 
substances it was not necessary to subject each 
fraction of U. V. and I. R. spectroscopy. A 
plot of U. V, absorbance versus fraction number gave 
a good indication as to when a new substance was 
being eluted. The center fraction of each group 
on the graph was chosen as the representative of the 
particular group as shown in Fig. 3. This fraction 
was subjected to U. V. and I. R. spectroscopy. 

The following substances w'ere eluted in the order 
mentioned: anhydro vitamin A (max. 351 m/a. 
371 m/j, and 391 m;i); vitamin A ester (max. 326 
m/i); esterified oxidation products (max. 290 in/i); 
rehydro structure (max. 328 mp, 348 m/i, and 368 
van); vitamin A alcohol (max. 325 ra/i); oxidation 
products (max. 288-290 ra/j). 

Paper Chromatography. — The representative frac- 
tions were chromatographed on paper to determine if 
they were single substances or mixtures. Whatman 
filter paper No. 1 (IVs-inch strips) were impregnated 
with 6% liquid petrolatum in petroleum ether 
(30-60°) and the solvent was allowed to evaporate. 
A drop of the sample was placed on the starting line 
and the strips were placed in a tank saturated w'ith 
, ' ethanol and nitrogen vapors. The strips were al- 
lowed to develop for seven to eight hours with 
\ ethanol U. S. P. as the eluant. The zones were 
identified by their fluorescence in U. V. light and 
by eluting the material from the paper with eth- 
anol U. S. P. and determining their spectra. The 
controls had the following R./ values: vitamin A 
pahnitate 0.090; acetate 0.514; and alcohol 0.895. 
Based on these R / values all the samples contained 
vitamin A alcohol, ester (originally introduced). 



and oxidation products. The samples containing 
fatty acids also contained a small quantity' of 
ester formed from the fatty acid of the media. 
The oxidation products had a higher i?/ value than 
vitamin A alcohol (i?/ 0.952); fixed oils, as olive 
oils, may also be used as an impregnating agent 
dissolved in petroleum ether 30-60°. Some of the 
alumina chromatographed fractions of oxidation 
products divided into two fractions. This indicated 
a degree of uncertainty of alumina separation of 
oxidation products. The vitamin A component of 
these solutions consisted of vitamin A alcohol, 
acetate, and an ester derived from the fatty acid of 
the media. This w'as significant because only 
vitamin A acetate was originally introduced and 
there was interconversion of vitamin A forms. 

Action of Isopropanol, Water, Cyclohexane, and 
Fatty Acids on Anhydrovitamin A. — Embree and 
Shantz (7) and Oroshnick (8) prepared vitamin A 
active substances from the reaction of acetic, pro- 
pionic, oleic, benzoic acids on anhy'drovitamin A in 
ethanol or methanol. The products were the ethyl 
and methyl ethers of vitamin A. In nonalcoholic 
solvents the same reactants produced vitamin A es- 
ters (7). 

In this work it rvas found that fatty acids de- 
creased the loss of ester and also decreased anhy’dro- 
vitamin A formation. It is possible that the sta- 
bilization was connected wdth a regeneration of a 
vitamin A substance by' the fatty’ acids from anhy'- 
drovitamin A. 

The solvents used in this study were cy’clo- 
hexane, isopropanol (0.056% rvater), "95%” iso- 
propanol (4.66% water), and "85%" isopropanol 
(14.36% water), as determined by the Karl Fischer 
titrations (4). BHT, 0.1%, was added to prevent 
oxidation of the vitamin A substance formed and 
it did not interfere with the U. V. assay' of vitamin 
A. Cy'clohexane was purified by' distillation fol- 
lowed by chromatographing on completely' activated 
alumina. It was transparent above 240 m/i. 
The 81-83° fraction from isopropanol distillation 
was used for this work. The anhy'drovitamin A 
was prepared according to Shantz (2) by' the action 
of HCl on vitamin A alcohol followed by purifica- 
tion on alumina deactivated by' the addition of 3% 
water. 

Calculation of Quantities of Vitamin A and 
Anhydrovitamin A.-A sy'stem was devised to deter- 
mine the amount of vitamin A and anhy'drovitamin 
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A present at an\ time ‘ / ” Since their U V spectra 
overlap, direct extinctions could not be used The 
exact nature of \ itamin A substance being formed 
in solution could not be determined, consequentlj 
an assumption x\ as made that x itamm A alcohol x\ as 
being formed This was reasonable since the molar 
extinctions of xitamin \ alcohol, ester, ether, and 
amine arc practicalU equixalent On the basis of 
this information, the following simultaneous equa 
tions w ere derix ed 
Aiihidrotilaiiii/t 4 


C(l^c 1cm )3., m;, = 2500 

Ed^c Icm ) 126 m^i = 700 

]'ilamtn 4 llcohol 


^ = 0 290 

.I3al 


Edd 1 cm )3^i n ^ = 003, 

Ed<^c lem ) 32b ni^ = 1835 


— ® = 2 032 

4 351 


Let X = extinction due to anh\ dro\ itamin \ at 
351 mu. Let 3 = extinction due to vitamin \ at 


351 m;i 


X “}” y — -^dSl m/1 

(Eq 1) 


0 290 X -f 2 032y = £2^, mp 

2 ) 

solving 


X — 1 I66.E351 m/1 0 m/I 

(Cq 3) 


y = 0 5/ 4l£^ 326 m/i 0 100.^351 m/1 

(Eq 4) 


Cyclohexane Senes — In this senes onh caproic 
and acetic acids were studied and the samples were 
designed to contain 2, 4, and 6 jl/fatt} acids in C3 do 
hexane The anh\ drox itamin A w as added to these 
solutions to make an approximate concentration of 
0 1*^ (0 0037 M) Each sample was divided into 
three parts and placed in 00 ml glass stoppered 
bottles which were subsequentK stored at 25, 37, 
and 50° A control without fatt} acids was also 
used The bottles were flushed with dr3 nitrogen 
excrx timethex were opened 

The samples were assax cd b\ diluting 1 ml of 
the reaction mixture to 100 nil with isopropanol, 
then determining the extinction at 351 mp and 320 
nia Equations 3 and 4 above were used to calcu- 
late the extinctions at 351 mp due to each substance 

Plotting the Data. — The experiments were de- 
signed so that the fattx acids w ould be in a large ex 
cess of the concentration of aiiln drox itamin A, con- 
scquentlx the order of dependence on anhxdroxita 
nun A could be determined from an appropriate plot 
of the d ita (9) Since anhx drox it.imin A was con 
xerted into substances other than x itamm A, as evi- 
denced 63 the precipitation of the polx mcnzatioii 
products, a plot of log concentration anhx drox itamin 
A versus I would not gix e the true rate of x itamin A 
substance formation 

V theoretical calculation for the extinction at 
351 mil was made, based on the assumption that all 
the inhx drox Itamm \ was converted into a vitamin 
•1 substance The value was called and 

was calculated as follow s 


hd'c 


E(l^f,lcm ha m;. X 2SG‘ 
Um ) \nlix drox itamin \ , 
•103 X 2S(. 
2500 X 2bS 


X 2bS' 

0 3SG (Eq 


o) 


* ^^olccuIa^ weights of the resptciix e substances 


0 3SG X E,ii tnn Anh} droxatamm A = .1„ 

(I^q (i) 

Another value Ai, the extinction at 351 iiiji 
due to V Itamin A substance formed at anx time "I" 
was introduced It was believed that a plot of log 
(A^ — ^/) rersns < would give the rate of anhvdro 
vitamin A conv erted into v'ltamin A This procc 
dure helps correct for side reactions, although a 
small error is mv’olved, it was considered negligible 
since onh relative rates were desired The plots 
were straight lines indicating a first order depend 
ence on the concentration of anh3'drovitaniin A 
No vitamin A was formed m the control without 
fatt3 acids present These rates of conversion arc 
found in Table III Figure 4 represents the acetic 
acidsamplesat50° 


Table III — Rates of Vitamin A Substance 
Formation of Acetic Acid and Caproic Acid— 
Anhx DRoviT AMIN A in Cyclohexane 
(k/2 303 X hr X 10^) 


Molaritj 

38° 

50° 

2 M acetic acid 

1 25 

2 60 

4 M acetic acid 

2 08 

4 50 

6 M acetic acid 

3 90 

7 50 

2 M caproic acid 

1 11 

3 33 

4 il/ caproic acid 

2 37 

5 85 

6 caproic acid 

4 00 

12 5 



0 40 eo 120 

TtMg (HOURS) 


Tig 


4 — Rates of addition of anhx drox itamm 
acetic acid in cx clohexanc at 50° 


A to 


Order of Dependence on the Fatty Acids —A plot 
of log k icrstis log coiiccntrition of f itt> acids pro 
duced lines with the following slopes acetic acid .it 
50 and 3/° = 1 05 and 1 09, caproic acid at .50 and 
37° = 115 and 1 18 These data indicate .i first or- 
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Table IV. — Rates for Transformation of Anhydrovitamin A into a \’'itamin A 
Substance in “99%” Isopropanol 


(fe/2.303 X hr.-' X 10') 



'■99%" 

0.033 iV 

0.033 iV 

0.033 N 

0.033 iV 


Isopropanol 

Acetic 

Caproic 

Decanoic 

Palmitic 


Control 

Acid 

Acid 

Acid 

Acid 

50° 

h 

3.00 

3.75 

4.50 

5.25 

25.0 

h 

1,11 

1.21 

1.34 

1.5 

2.25 

37° 

h 

0,81 

2.21 

3.12 

2.5 

15.0 

h 

0.53 

0 84 

0.93 

1.13 

2.00 


dcr dependence on the concentration of fatty acids 
in this solvent system. 

Chromatography. — The cyclohe.\ane solutions 
were extracted with aqueous NaOH to remove the 
fatty acids, and were subsequently dried with an- 
hydrous Na3S04. The solvent was removed in vacuo 
and the residue was dissolved in 5 ml. of petroleum 
ether 30-60°. This solution was chromatographed 
on alumina using the method described under the 
isopropanol-vitamin A palmitate series, to isolate the 
vitamin A active fraction from anhydrovitamin A 
and oxidation products. The ester followed anhy- 
drovitamin A from the column. The solution of the 
ester was evaporated in vacuo. The concentrate 
was chromatographed on paper using the method 
described for the vitamin A acetate in ‘‘96%” 
isopropanol series. The R / values for the controls 
were vitamin A acetate 0.643 and anhydrovitamin 
A 0.320. Both samples contained anhydrovitamin 
A and the respective ester formed from the fatty 
acid of the media. The caproate ester had an R{ 
value of 0.506. 

Effects of Fatty Acids on Anhydrovitamin A in 
Isopropanol Solutions. — The action of fatty acids on 
anhydrovitamin A in isopropanol, “95%” and 
“85%” isopropanol was studied. The preparation of 
the samples was similar to the cyclohexane series ex- 
cept that isopropanol solvents were used and the fol- 
lowing fatty acids; acetic, caproic, decanoic, and 
palmitic acids, were used, only in a 0.033 N concen- 
tration. Controls without fatty acids were also used. 
Table IV gives the rates of conversion using iso- 
propanol as the solvent. 

It appeared that the rate of conversion varied 
directly wdth the chain length of the fatty acid and 
that fatty acids catalyzed the conversion. The 
rates of conversion for the “95%" isopropanol 
systems are given in Table V, 

Table V.-— Rates for Transformation of An- 
hydrovitamin A INTO A Vitamin A Substance in 
"95%" Isopropanol 

(ib/2.303 X hr.-' X 10') 


"95%" 

0.033 iV 

0.033 N 

0 033 N 

0 033 N 

Isopropanol 

Acetic 

Caproic 

Decanoic 

Palmitic 

Control 

Acid 

Acid 

Acid 

Acid 

1:50° 

2.09 

3.5 

2.86 

3.1 

3 33 

1:37° 

0.84 

1.67 

2.14 

1.37 

1.54 

1:25° 

0.42 

0.50 

0.S4 

0,42 

0.42 


The addition of 5% water increased the reaction 
rates considerably (compare ki of Table IV), thus 
enabling the rate at 25° to be measurable. 

The rates of conversion in the "85%” isopropanol 
series are given in Table VI. Figure 5 represents a 
plot of the “85%” isopropanol control. 

The rate appeared to varj' directly with the 
increased water content and equilibrium was 
reached at one hundred and forty hours in the 50° 
samples. That the rates of the control, decanoic, 
and palmitic acid samples are almost equal could 
be explained by the fact that the latter two samples 
contained considerable amounts of oxidation prod- 
ucts, giving the appearance of a slower rate of 
vitamin A substance formation. 

Paper Chromatography. — The isopropanol sys- 
tems were chromatographed on paper using the 
method described under ”95%” isopropanol-vitamin 
A acetate systems. All three isopropanol systems 
had the same qualitative picture. The controls had 
the following R/ values: vitamin A palmitate, 0.070; 
decanoate, 0.200; caproate, 0.526; acetate, 0.630; 
alcohol, 0.930; and anhj’drovitamin A, 0.370. 
All the systems contained vitamin A alcohol, oxida- 
tion products, and anhydrovitamin A. The fattyacid 
solutions, in addition, contained an ester formed 
from the fatty acid of the media. It was also ob- 
served that the ratio of vitamin A alcohol to ester 
increased as the per cent of water of the media 
increased. 

DISCUSSION 

Effects of Fatty Acids. — Caproic, decanoic, pal- 
mitic, stearic, and oleic acids demonstrated a sta- 
bilizing action on vitamin A esters in isopropanol 
when compared to a control without fatty acids. 
These data appeared to be different from the results 
obtained when vitamin A was dissolved in a vanish- 
ing cream base. These bases generally contain 
stearic acid, polyhydroxy alcohol, water, and an 
emulsifying agent, and the pH is usually on the basic 
side. Any one of these other ingredients could affect 
the destruction of vitamin A. The addition of 5% 
water to the isopropanol system increased the 
rate of elimination, but the fatty acid still retained 
some of its stabilizing action. The effects of water 
arc in agreement with the results of Higuchi and 
Reinstein (1) who found that the rate of elimination 
of vitamin A acetate in hydroalcoholic media varied 
directly with the water content. 

ff'here i\ ere forms of vitamin A present in the 
isopropanol ester mixtures which were not original!}’ 
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\ / 1 CH.OH H + 

^\/\/\/\ /\ / ^ — 
I 


CH— ()— C— R 

.^/\\/ I 

< n o 

' li 
\/\ 


1 I fTi 

Ox 



introduced as demonstrated b\ paper chromatog 
raphj This iias belieted to be due to a reaction 
of anh\ dro\ itaniin A ii ith the fatti acid or u ater of 
the media 

Action of Fatty Acids — The control solutions u ith- 
out fatti acids ini ariabli contained more anhj dro 
iitamin A than the fatti acid solutions Conse- 
quentli , the increased stabihti of the esters in the 
presence of the fattj acids could be due to two reac- 
tions (a ) suppression of ionization of the ester, thus 
sloiiing doiin the rate of elimination, and (6) reac- 
tion of the fattj acid ii itli anhi drovitamm A to re 
form a i itamin A substance 

It has been theorized bi Embree (10) that the 
initial step of iitamin ^ alcohol degradation in the 
presence of acids is the formation of the carbonium 
ion It IS also possible that this is the first step 
iiitliMtamin testers («ee equation abote) 

This initial step could be considered as an lom 
zation represented b\ a t\ pical equilibrium equation 



The effect of (RCOO“) or (OH“), the latter 
being knoiin to preient elimination of the acetate 
(1) can be seen from the laii of mass action Large 
quantities of these species can tlieoreticalh suppress 
ionization The second suggested action of stabili 
zation is possible since it is 1 noun that unsaturated 
compounds can undergo addition il reactions with 
acids and also there are patents (7, b) dealing uith 
the coniersion of anludroiitamin into \ itamin A 


active substances m acid media 
could be represented as follow s 




H-i 


I 




This reaction 



This possibihtj' was investigated bj studjing 
anhydrovitamin A in cj'clohexane, isopropanol 
"95%,” and "85%” isopropanol solutions of fattj 
acids The fattj acids and water reacted with the 
substrate to gite vitamin A esters and alcohol, 
rcspcctivelj , which was alwa\ s faster in the presence 
of the fatti acid 

The chromatographic analj sis of the anlij dro 
vitamin A isopropanol sj stems showed that the 
"99%” isopropanol sjstem contained vitamin A 
alcohol and ester as their active components, how- 
ever, as the per cent of water increased, larger 
amounts of v itaniin A alcohol w ere formed Vitamin 
\ treated with base will not eliminate (1), and the 
action of (H'*') on vitamin A can be termin itcd b\ 
the addition of base (2) Similarlv, aiihjdro 
vitamin V treated with base will not reform a 
V Itamin A substance It was found iii tins and other ^ 
work (7, 8) that fattv acids cataljze the form ition \ 
of a vitamin A substance from aiihjdrov itamm A 
This information supports the second suggested / 
reaction of stabilization and that this ‘'formation'' 
reaction IS onij acid catalv zed 

Action of Water.- — Water h id a c italj tic effect m 
both the forward and reverse reaction (destruction 
and formation of vitamin A) This catalv tic action 
could be rel ited to increased ionization of the react- 
ants Other hvdrovvl ited solvents as iiiethanol. 
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Table VI. — Rates for Transformation of An- 

nVDROVlTAMIN A INTO A VlTAMIN A SUBSTANCE IN 

"85%" Isopropanol 


(iC’/Z.303 X hr.-' X 10') 


"S5%" 

0 033 N 

0 033 <V 

0 033 iV 

0 033 jV 

Isopropanol 

Acetic 

Cnproic 

Decanoic 

Palmitic 

Control 

Acid 

Acid 

Acid 

Acid 

F(50°) 

4.55 

s.oo 

5.72 

4 94 

4 45 

k (37°) 

2.22 

6 45 

4 45 

4 43 

4 00 

k (25°) 

0.863 

1 11 

0 874 

1 6 

1 66 



0 «JOOJ 


OHOO^ 


QlOOoj 



I ! 

0 20 40 60 BO 100 120 140 

TIME WOURSI 

Fig, 5. — ^Anhydrov'itamin A in “S5%” isopropanol 
control. 


ethanol, and isopropanol probably act by similar 
mechanisms but, due to lower polarity and solvating 
powers, they are less destructive. 

Two rates, k\ and ki, were found in the "99%” 
isopropanol series regardless of whether vitamin A 
ester or anhydrovitamin A was the substrate {ki 
ks). It appeared that ki and k: were related to the 
small water content (0.056%) of the media, because 
95% and 85% isopropanol series only demonstrated 
one rate. 

It would be logical to assume that ki is the rate 
due to water plus other factors. When the small 
amount of water was consumed, then k:, which rvas 
slower, made its appearance. The fact that ki 
was faster in both directions resembles the catalytic 
effect of water in the "95%" and “85%" systems, 
which tends to confirm the original idea. 


SUMMARY AND CONCLUSIONS 

1. Vitamin A in hydrocarbon solvents as n- 
hexane solutions only showed oxidative degrada- 
tion; in isopropanol, both oxidation and elimina- 
tion had occurred. 

2. The fatty acids in isopropanol solutions of 
vitamin A esters reduced the rate of vitamin A 
loss and maintained a lower concentration of 
anhydrovitamin A when compared to the con- 
trol. 

3. The addition of water to the isopropanol- 
vitamin A ester systems increased the rate of 
degradation and anhy'drovitamin A formation. 
The fatty acids still maintained their stabilizing 
effect. 

4. The reverse reactions, anhydrovitamin A 
plus isopropanol alone and with fatty acids 
showed that the fatty acid increased vitamin A 
formation when compared to a control, 

5. Addition of water to systems mentioned 
in 4, increased rate of “\dtamin A” substance 
formation. 

6. In general, there does not appear to be 
any significant difference in the action of the 
different fatty acids studied. 

7. The reaction of anhydrovitamin A plus 
fatty acid in cy’clohexane was second order having 
a first-order dependence on each reactant. 

8. The chromatographed fractions W’ere iden- 
tified by IT. V. and I. R. spectra and i?/ values. 

9. The stabilizing action of the fatty acids ap- 
peared to be due to a regeneration of the ester in 
anhydrous solvents and a mixture of vitamin A 
alcohol and ester in hydroalcoholic media. 

10 There appears to be a definite need for 
antioxidants in vitamin A solutions. 
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Preparation and Stability of 
Some Esters of Vitamin A* 

By ALBERT J. FORLANOf and LOYD E. HARRIS 


Vitamin A esters of fatty acids having electronegative groups in the number 2 posi- 
tion were prepared. Acids, with chlorine or a double bond, were used and the 
esters were tested for stability against acid and solvolytic action. The results indi- 
cate that (a) stability against proton attack, in an anhydrous solvent, varies directly 
with the ATo of the acid portion, (b) the addition of water to an anhydrous solvent, 
containing HCl, decreases the rate of formation of anhydrovitamin A, and (c) stability 
in alcoholic solvents, without an acid catalyst, varies inversely with the Ka. A com- 
bined mechanism of vitamin A ester degradation in the presence of mineral acids and 
hydrolytic solvents is presented. 


^ I *HE .\CTiON of lower alcohols and strong acids 
upon vitamin A and its esters to produce an- 
hydrovitamin A is a well established phenomenon 
Shantz, ct al (1), refluxed vitamin A esters in 
ethanol and found that a mixture of anhydrovita- 
min A, fatty acid, vitamin A etlnd ether, and 
other products were formed and that the addition 
of HCl to the ethanol catalvzed this reaction. 
Vitamin alcohol is more sensitive to elimination 
in acid solution than the esters; however, in the 
absence of the catalyst, vitamin A alcohol is more 
stable (2). Prolonged contact of anhydrovitamin 
A with ethanolic HCl produces a substance called 
isoanhydrovitamin A (1), which is formed by the 
addition of a molecule of solvent to the double 
bond in the cyclohexene ring Meunier (3) sug- 
gested a reasonable mechanism for (H+) catalysis 
of anhydrovitamin A formation from vitamin A 
alcohol. No information has been found regard- 
ing the mechanism of proton catalyzed de- 
composition of the ester; however, the mech- 
anism shown below appears to be satisfactory. 


TAncn I — Ka X 10‘ of Acids 


Acetic acid 

1 75 

Chloroacetic acid 

1.0,5 00 

Dichloroacctic ncicl 

.5100 00 

Trichloroacetic acid 

120,000 00 

Propionic acid 

1 .34 

a-Chloropropioiiic acid 

147 00 

Acrvlic acid 

5 50 

Butvric acid 

1 4,S 

Crntonic acid 

2 o;} 

Sorbic acid 

I 73 
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I I CH.OH 


-t-H;0 




Cl® 





+ HCI 


Shantz, el al. (1), further substantiated the 
mechanism of ester decomposition when they 
found that anhydrovitamin A and fatty acid were 
formed when the ester was refluxed in ethanol. 
The greater stability of the ester in the presence 
of acid could be related to the electronegative 
elTcct of the carbonyl group on the alkyl oxygen. 
Reduction of the electron density around the 
alkyl oxygen should result in decreased attraction 
for protons, thus depressing the initial step of the 
reaction. 

Based on this assumption, two series of e.slcrs 
were synthesized having electronegativ'c groups 
in the 2 and 4 position of the fatty acid: (a) those 
containing chlorine in the a position as vitamin A \ 
chloroacctate and a-chloropropionate, and (b) 
those containing unsaturation in the 2 position as >' 
vitamin -A. aervdate, crotonate, and sorhate, the 
latter also having unsaturation in the 4 position. 

Ingold (4) reported the A'„’s of the acids 
pertinent to this study. These are listed in 
Table I. 
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SYNTHESIS 

Materials Used in This Study. — Vitamin A alco- 
hol, Roche; chloroacety! chloride, Eastman Organic 
(redistilled) b. p. 105-106° ; trichloroacetyl chloride; 
Eastman Organic (redistilled) b, p. 114-116°; 
a-cldoropropionyl chloride, Eastman Organic (redis- 
tilled) b. p. 109-111°; pyridine dried over CaCi; 
(redistilled) b. p. 114-115°; ethylene dichioride, 
Eastman Organic b. p. 82-84° ; Woelm neutral ac- 
tivated alumina. Grade I for chromatography; 
petroleum ether b. p. 30-60°, Mallinckrodt (AR); 
quinoline, Eastman Organic b. p. 110-111°/14 
mm. ; N,lNr-dimetliylaniline, Matheson, Coleman, and 
Bell b. p. 192-193.5°; sorbic acid, crotonyl chlo- 
ride, and acrylyl chloride. Delta Chemical Co, 

General Method of Preparation of Esters.— This 
method, a modification of the Baxter and Robeson 
method (5), was used for all the esters, except when 
modifications are specified. 

Four and one-half grams (0.016 M) of vitamin A 
alcohol was dissoh’ed in 25 ml. of ethylene dichioride 
containing 5 ml. of pyridine and cooled to 10° (I). 
In a separate flask, 0.018 M of the acid chloride was 
dissolved in 25 ml. ethylene dichioride (II). Solu- 
tion II was added slowN to solution I with stirring 
and set in a dark place for two hours. The solvent 
was removed in vacuo and the residue was dissolved 
in 10 ml. of petroleum ether (30-60°). The insta- 
bility of some of these esters necessitated their 
purification on alumina columns. The alumina was 
deactivated by the addition of 8% water in a glass- 
stoppered flask. After two hours of hydration, 
enough petroleum ether (30-60°) was added to the 
alumina to make a slurry ivhich was poured into a 
glass column. Fifty grams of deactirmted alumina 
were used for each Gm. of ester. The entire re- 
action mixture was poured on the column followed 
by petroleum ether (30-60°). Anhydrovitamin A 
was eluted first, followed by the ester. The former 
was distinguished from the latter by its orange color 
in U. V. light; the latter had a yellow-green color. 

The ester fraction was evaporated in vacuo with 
the aid of a nitrogen bleeder, redissolved in petro- 
leum ether, and rechromatographed as directed 
above. The residue was subjected to a high vacuum 
(0.5 mm, ) for six hours at 35° to remove the pyridine 
or other bases. Quinoline and N,N-dimeth 5 'Ianiline 
were used in place of pyridine for the crotonate 
and acrylate esters, respectively. Attempts at 
crystallization from a variety of polar, nonpolar, 
and combination of both solvents were unsuccessful. 
The per cent yields are listed in Table II. Sorbic 
acid chloride was prepared by treating sorbic acid 
with thionyl chloride, s. a., and collecting the frac- 
tion that distilled at 79-80° and 13 mm. 


The saponification equivalents of these esters 
were determined potentioraetrically by the Schriner 
and Fuson method (7). The results are tabulated 
in Table II. 

Infrared and U. V. Spectra. — The infrared spectra 
of these compounds were determined on a Baird in- 
frared spectrophotometer, using sodium chloride 
plates. The spectra showed definite ester carbonyl 
peaks and the absence of hydroxyl peaks. The posi- 
tions of the carbonyl peaks are tabulated in Table 
III. The £(l%,lcm.) values of the esters were 
determined in petroleum ether (30-60°) on a Beck- 
man DU spectrophotometer at the U. V. maximum. 
The extinction coefficients and wavelength of the 
maxima are given in Table III. 


Table HI. — I. R. and U. V. Physical Constants 
OF These Esters 


Vitamin A Esters 

Position 

Of 

I. R. 
Peak 

E 

a%,lcm.) 
(U. V.) 

U. V. 
Maximum 
(mu) 

or-Chloropropionate 

5.71 

1300 

328 

Chloroacetate 

5.64 

1046“ 

325 

Sorbate 

5.80 

1318 

327 

Acrylate 

5 74 

1387 

327 

Crotonate 

5.76 

1318 

327 

Palmitatc 

5.73 

963 

327 


« This low extinction coefficient is an indication of its lack 
of stability. 


The complete U. V. spectra were determined on 
a Cary recording spectrophotometer in petroleum 
ether (30-60°). All the esters, except the chloro- 
acetate, had typical vitamin A spectra (maxima 
325-328 m#t). The chloroacetate showed impurity 
peaks at 310 mu, 341 mji, and 360 mM. Vitamin 
A sorbate had two peaks, one due to the chromo- 
phore of the vitamin A molecule, maximum at 327 
mu, and the second due to the sorbate part at 255 
m/i. 

Determination of Rf Values and Purity.— -Using 
the system described in the previous paper (6), 16% 
liquid petrolatum in petroleum ether (30-60°)- 
ethanol, U. S P.], the esters were chromatographed 
on paper as a means of identification and determina- 
tion of purity. See Table IV. 

The new esters with the exception of vitamin A 
chloroacetate, showed only one spot on the paper, 
indicating that they were pure. The chloroacetate 
appeared to be a mixtue of anhydrovitamin A and 
ester, indicating the sensitivity of the ester to 
ethanol. 


Table II, — Per Cent Yield and Saponification Equivalents of These Esters 


Vitamin A Esters 

7o 

Yield 

Molecular 

Weight 

Saponification 

Equivalent 

% Deviation 
from Theoretical 

a-Chloropropionate 

93 

376 

385 

-f2.61 

Chloroacetate 

82 

362 

329 

-9.13“ 

T richloroacetate 

b 




Sorbate 

SO 

^81 

385 

4-1.27 

Crotonate 

53 

354 

302 

4-2.21 

Acrylate 

45 

340 

347 

4-2.15 


** The low saponification value is nn indication of its poor stability. 
This ester could not be made under these conditions. 




Preparation and Stability of 
Some Esters of Vitamin A* 

By ALBERT J. FORLANOf and LOYD E. HARRIS 


Vitamin A esters of fattj’ acids having electronegative groups in the number 2 posi- 
tion were prepared. Acids, with chlorine or a double bond, were used and the 
esters were tested for stability against acid and solvolytic action. The results indi- 
cate that (a) stability against proton attack, in an anhydrous solvent, varies directly 
with the Ko of the acid portion, (6) the addition of water to an anhydrous solvent, 
containing HCl, decreases the rate of formation of anhydrovitamin A, and (c) stability 
in alcoholic solvents, without an acid catalyst, varies inversely with the Ka. A com- 
bined mechanism of vitamin A ester degradation in the presence of mineral acids and 
hydrolytic solvents is presented. 


HE .\CTioN of lower alcohols and strong acids 
upon vitamin .A. and its esters to produce an- 
liydrovitamin .A is a well established phenomenon 
Shantz, el al. (1), refluved vitamin .A esters in 
ethanol and found that a mi.xture of anhydrovita- 
min A, fatty acid, vitamin A ethyl ether, and 
other products were formed and that the addition 
of HCl to the ethanol catalyzed this reaction 
\'itamin .A alcohol is more sensitive to elimination 
m acid solution than the esters, however, in the 
absence of the catalyst, vitamin -A alcohol is more 
stable (2) Prolonged contact of anhydrovitamin 
A with ethanolic HCl produces a substance called 
isoanhydrovitamin A (1), which is formed by the 
addition of a molecule of solvent to the double 
bond in tlie cyclohexene ring Meunier (3) sug- 
gested a reasonable mechanism for (?!■*■) catalysis 
of anhydrovitamin A formation from vitamin A 
alcohol No information has been found regard- 
ing the mechanism of proton catalyzed de- 
composition of the ester; however, the mech- 
anism shown below appears to be satisfactory 


Table I — A’o X 10^ of Acids 


Acetic acid 

1 75 

Chloroacctic acid 

155 00 

Dichloroacetic acid 

5100 00 

Trichloroacetic acid 

120,000 00 

Propionic acid 

1 34 

a-Cliloropropionic acid 

147 00 

Acr\ die acid 

5 56 

But\ric acid 

1 48 

Crotonic acid 

2 03 

Sorbic acid 

1 73 


• Rcccja ed Aujjust 21 . from the College of Pharmacy, 

The ObJoJStale Univ cr^itv, Columlius 10 

Ba‘-cd. in part, upon a Ph I> flis->ertation sohmilted to the 
Graduate Schf»oI The Ohio State UniAcrsity 

Presented to the Scientific Section. A Pit A , Cincinnati 
Meeting Auguvt 

t Present addre<:> Chas Pfizer ffc Co , Inc , Bro^jLlvn N' V 
The authors %ei<;h to express their gratitude to Mr Paul 
Sleezer c)f Hoflnann La Roche for bis generous samples of 
Mtamin A alcohol 



Shantz, cl al. (1), further substantiated the 
mechanism of ester decomposition when they 
found that anhydrovitamin A and fatty acid were 
formed when the ester was refluxed in ethanol. 
The greater stability of the ester in the presence 
of acid could be related to the electronegative 
effect of the carbonyl group on the alkyl o.xygcn. 
Reduction of the electron density around the 
alkyl oxygen should result in decreased attraction 
for protons, thus depressing the initial step of the 
reaction. 

Based on this assumption, two series of esters 
were synthesized having electronegative groups 
in the 2 and 4 position of the fatty acid; {a) those 
containing chlorine in the a position as vitamin A 
chloroacetate and a-chloropropionate, and {b) 
those containing unsaturation in the 2 position as ' 
rdtarnin A aendate, crotonate, and sarhatc, the 
latter also having unsatiiration in the 4 jmsition. 

Ingold (4) reported the A'a’s of the acids 
pertinent to this study. These arc listed in 
Table I. 
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SYNTHESIS 

Matenals Used in This Study. — Vitamin A alco- 
hol, Roche, chloroacctyl clilondc, Eastman Organic 
(redistilled) b p 105-106°, tricliloroacetjl chloride, 
Eastman Organic (redistilled) b p 114-116°, 
a chloropropionvl chloride, Eastman Organic (redis- 
tilled) b p 109-111°, pyridine dried over CaCl; 
(redistilled) b p 114-115°, ethjlene dichlonde, 
Eastman Organic b p S2-84° , Woelni neutral ac 
tivated alumina. Grade I for chromatography, 
petroleum ether b p 30-60°, Malhnckrodt (AR), 
quinoline, Eastman Organic b p 110-111°/14 
mm ,N,N-dimethylaniline, Matheson, Coleman, and 
Bell b p 192-193 5° , sorbic acid, crotonyl chlo- 
ride, and acrylyl chloride. Delta Chemical Co 
General Method of Preparation of Esters —This 
method, a modification of the BaNter and Robeson 
method (5), was used tor all the esters, e\cept uhen 
modifications are specified 
Four and one half grams (0 016 M) of vitamin A 
alcohol was dissolved in 25 nil of ethylene dichlonde 
containing 5 ml of P 3 ridine and cooled to 10° (I) 
In a separate flask, 0 018 M of the acid chloride uas 
dissolved m 25 ml ethjdene dichlonde (II) Solu- 
tion 11 nas added slouly to solution I with stirring 
and set in a dark place for two hours The solvent 
nas removed tn vacuo and the residue was dissolved 
in 10 ml of petroleum ether (30-60°) The insta 
bihtj' of some of these esters necessitated their 
purification on alumina columns The alumina uas 
deactivated bj the addition of 8% water in a glass 
stoppered flask After two hours of hydration, 
enough petroleum ether (30-60°) was added to the 
alumina to make a slurry which uas poured into a 
glass column Fifty grams of deactivated alumina 
uere used for each Gm of ester The entire re 
action mixture was poured on the column followed 
by petroleum ether (30-60°) Anhvdrovitamin A 
uas eluted first, followed by the ester The former 
was distinguished from the latter bj' its orange color 
inU V light, the latter had a yellow green color 
The ester fraction was evaporated tii lacno with 
the aid of a nitrogen bleeder, redissolved in petro- 
leum ether, and rechromatographed as directed 
above The residue was subjected to a high vacuum 
(0 5 mm ) for si\ hours at 35° to remove the pyridine 
or other bases Quinoline and N,N dimethj lanilme 
were used m place of pj'ridme for the crotonate 
and acrylate esters, respectivelj Attempts at 
crystallization from a variety of polar, nonpolar, 
and combination of both solvents u ere unsuccessful 
The per cent yields are listed in Table II Sorbic 
acid chloride was prepared bj' treating sorbic acid 
with tliionj 1 chloride, s a , and collecting the frac- 
tion that distilled at 79-80° and 13 mm 


The saponification equivalents of these esters 
were determined potentiometricallj' by the Schriner 
and Fuson method (7) The results are tabulated 
111 Table II 

Infrared and U. V. Spectra. — The infrared spectra 
of these compounds uere determined on a Baird in 
frared spectrophotometer, using sodium chloride 
plates The spectra shoued definite ester carbonjd 
peaks and the absence of hj’dro\yI peaks The posi- 
tions of the carbonyl peaks are tabulated in Table 
III The E(l%,Icm ) values of the esters were 
determined in petroleum ether (30-60°) on a Beck- 
man DU spectrophotometer at the U V maximum 
The extinction coefficients and uavelength of the 
maxima are given in Table III 


Table III — I R and U V Physical Constants 
or These Esters 



Position 

Of 




I R 

E 

U V 


Peak 

(i% Icra ) 

Maximum 

Vitamin A Esters 

•W 

{U V) 

(m/j> 

a Chloropropionate 

6 71 

1300 

328 

Chloroacetate 

5 64 

1046“ 

325 

Sorbate 

5 80 

1318 

327 

Acrydate 

5 74 

1387 

327 

Crotonate 

5 76 

1318 

327 

Palmitatc 

5 73 

963 

327 

a This low extinction coefficient is an indication of its lack 
of stability 


The complete U V spectra uere determined on 
a Cary recording spectrophotometer m petroleum 
ether (30-60°) All the esters, except the chloro 
acetate, had tj'pical vitamin A spectra (maxima 
325-328 m/i) The chloroacetate shoued impuritj 
peaks at 310 mg, 341 my, and 360 my Vitamin 
A sorbate had tuo peaks, one due to the chrorao 
phore of the vitamin A molecule, maximum at 327 
my, and the second due to the sorbate part at 255 
my 

Determination oi R/ Values and Punty. — Using 
the system described in the previous paper (6), [6% 
liquid petrolatum in petroleum ether (30-60°)- 
ethanol, U S P J, the esters uere chromatographed 
on paper as a means of identification and determina- 
tion of punt}' See Table IV 

The neu esters uith the exception of vitamin A 
chloroacetate, shoued onh one spot on the paper, 
indicating that thc\ uere pure The chloroacetate 
appeared to be a mixtue of anhydrovitamin A and 
ester, indicating the sensitivity of the ester to 
ethanol 


Table II — Per Cent Yield and Saponification Equivalents or These Esters 



fTf 

Molecular 

Saponification 

% DeMation 

Vitamin A Esters 

Yield 

Weight 

Equi\ aient 

from Theoretical 

Q Chloropropionate 

93 

376 

385 

-f2 61 

Chloroacetate 

82 

362 

329 

-9 13“ 

Trichloroacetate 

b 




Sorbate 

SO 

381 

385 

+1 27 

Crotonate 

53 

354 

362 

-f-2 21 

Acrylate 

45 

340 

347 

-f2 15 


<* The low saponification \'ilue is an indication of its poor stabiht> 
** This ester could not be made under these conditions 
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Table I\'. — Rf J’alues of \'iTAxnN A Esters and Related Compounds 


Compound 

R/ Value 

Compound 

R/ Value 

Xeovitamin A alcohol 

0 960 

Vitamin A sorbate 

0.570 

Vitamin -A alcohol 

0 920 

Vitamin A crotonate 

0.550 

Vitamin A methvl ether 

0 725 

Vitamin A chloroacctatc 

0.525 

^■itamin A acetate 

0 651 

Vitamin A a-chloropropionate 

0.515 

5'itamin A acrylate 

0 620 

Vitamin A palmitate 

0.100 


Stability of These Esters. — Tlic relative stability 
of these esters and related compounds toward elim- 
inative degradation was determined in; (a) 0 01 K 
HCI in anhydrous ethanol [water content 0 148% 
determined by Karl Fischer metliod (8)] ; and {b) 

0 01 A’ HCI in ethanol U S P 

suffieient quantity of material, such that the 
U extinction at 326 m^i would be 0 700, was 
added to the acid solutions These solutions were 
then transferred to siliea eells and placed into a 
Beckman DU spectropliotomctcr and remained 
there through the entire determination The 
temperature of the water flowing through the 
hydrogen lamp housing was maintained at 15 ± 1°. 
.\nhj'drovitamin -A. has an extinction at 326 ni/i 
equal to 0.2 Ejsi m;i. Tlie latter quantity was 
subtraeted from the Em observed to give a valid 
measurement of the vitamin content at any time 

1 X plot of log (jE,:6 —02 £j9i) ft t was 

linear Since all the ingredients except vitamin A 
were in a large excess the rate was calculated from 
the slope of the line. The rates are given in Table V. 


Table V — Rates of Elimination of \’itamin A 
Substances in 0 01 N HCI in Anhydrous Eth- 
ANOL"* and Ethanol U S P 



k 

k 

Vitamin A 
Substance 

2303 X 10 ' mm -■ 

2 303 ■■ 

(Anhvdrous Ethanol) 

(Ethanol U S P ) 

\’itamin A 
chloroacetate 
Vitamin A 

h 

6 

alcohol 

Xeovitamin 

150 0 

6 60 

A alcohol 
Vitamin A 

65 0 


methyl ether 
I'itamin A 

23 0 

1.15 

sorbate 
Vitamin A 

15 0 

0 70 

acetate 
Vitamin A 

12 5 

1 10 

palmitate 
Vitamin A 

9 62 

0 30 

crotonate 

9 35 

0 60 

Vitamin A 
acrylate 
Vitamin A a- 

4 77 

0 20 

chloropro- 

pionatc 

2 32 

6 82 


Water content 0 HSSr. ** Too fast to measure. 


in the previous paper (6) under sections dealing with 
v'itamin A esters in isopropanol and “95%” isopro- 
panol. The}' were assayed by the method of Cama, 
el al. (9). The starting concentrations of these solu- 
tions ranged from 6000-8000 u./ml. The initial 
45° rates of decomposition of the various esters are 
given in Table VI according to the method pre- 
viousl}' described (6) by plotting log concentration 
vs time. 

That the fatty acid did not appear to stabilize 
vitamin A chloroacctatc in “95%” isopropanol is 
unc.xplainable at this time. The rates of the chloro- 
acetate and a-chloropropionate degradation at 45° 
and the other temperatures indicate their extreme 
sensitivity to solvol 5 ’sis. The 37° and 45° sample 
of the chloro esters reached equilibrium in five 
hours, whereas the other esters required twenty to 
thirty hours to equilibrate. 

Chromatography of the Reaction Mixtures. — The 
reaction mixtures from the isopropanolic solutions 
were paper chromatographed, using the method 
described previously (6) under the section dealing 
with vitamin A acetate in "95%” isopropanol. The 
identification of the zones was based on their R/ 
values previously described and U. V. spectra 
in ethanol U. S. P. : vitamin A esters maxima 
325-328 mix; anhydrovitamin A 351, 371, and 391 
m/x; and oxidation products 275, 290, and 310 

mp. 

All the samples contained the ester originally 
introduced, vitamin A alcohol, and oxidation 
products. The acrylate, crotonate, and sorbate 
samples with fatty acids also contained small 
quantities of vitamin A decanoate, and larger 
amounts of vitamin A alcohol than the controls. 
The samples of the chloro esters with the fattj' acids 
did not appear to contain vitamin A decanoate. 

DISCUSSION 

Mechanism of Decomposition of Vitamin A Alco- 
hol and Esters. — The series of esters described in this 
paper was synthesized, based on the assumption that 
decreased electronegativity around the alkyl oxygen 
or carbonyl oxygen would decrease proton catalyzed 
attack. 

When the stability of these esters was determined 
in "99%” and ‘ 95%” isoprnpanol, with and with- 
out a fatty acid present, their stability varied in 
this order: 


The esters were tested for stability against elimi- 
native degradation in isopropanol and dccanoic acid 
in isopropanol. The solvents were "99%” isopro- 
panol and “95%’’ isopropanol [containing 0.0.50%, 
and 4.66% water, respectively, as determined 
by the Karl Fi-chcr method (8)[, and a second 
series containing 0. 0.3.3 .V dccanoic acid in both 
solvents. The solutions were prepared as described 



Vitamin A trichloro,acetate 
Vitamin A chloroacctatc 
\’itamin A a-chloropropionate 
A’itamin A acrylate 
I’itamin A crotonate 
Vitamin A sorbate 
Vitamin A acetate 
Vitamin A palmitate 
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Table VI. — Initial Decomposition Rates of Vitamin A Esters in Isopropanolic 
Solutions at 45° (it/2.303 X 10’ hr,-‘) 


Ester 

*-99%” 

Isopropanol 

“95%" 

Isopropanol 

0 033 N 
Decanoic 

Acid in “99%” 
Isopropanol 

0 033 N 
Decanoic 

Acid in "95%** 
Isopropanol 

Acrylate 

7 SO 

22 SO 

5 00 

10 00 

Chloroacetate 

85 00 

43 20 

59 0 

83 00 

Sorbate 

4 16 

5 00 

1 66 

3 22 

a-Chloropropionate 

66 10 

S3 50 

50 0 

80 00 

Crotonate 

5 75 

6 66 

3 13 

4 55 

Palmitate” 

Acetate” 

1 37 

4 17 

1 25 

2 45 


O Values derived from ref (0) 


Obv’iously there ivas a correlation between the iva 
of the acid proton and decreased stability against 
elimination in isopropanol. Tlie addition of 5% 
water to the anhydrous media catalyzed the elimi- 
nation reaction which was to be expected. 

It appeared that the electronegative group in the 
2 position increased the Ka of the acid by reduction 
of electron density around the alkyl oxygen; this 
factor also resulted in a weakening of the covalent 
alkyl oxygen bond (X). This weakening rendered it 
more susceptible to solvolysis in hj'droalcoholic 


1 1 C— 0-C~Il 

t li 

(X) 0 


and alcoholic media as shown by the stability 
tests. This was further substantiated by the fact 
that little or no anhydrovitarain A was formed in 
hydrocarbon solvents. The reaction could be 
represented as follows; 



ROH 


+ RCOO- ^ 






RCOO- 


\/\ 




-f- RCOOH 




When the esters, vitamin A alcohol, neovitamin A 
alcoliol, and mcthj'I ether were treated with HCl 
in anhj’^drous ethanol, the stability %vas changed in 
this order; 


‘o 

^ lx 

^ <u 
*n 

fcd o 

no c 
c.o 




Vitamin A chlotoacetate’ 
Vitamin A alcohol 
Neovitamin A alcohol 
Vitamin A methyl ether 
Vitamin A sorbate 
Vitamin A acetate 
Vitamin A palmitate 
Vitamin A crotonate 
Vitamin A acrylate 
Vitamin A a-chloropropionate 


.S 


o 

c 

ri 


CJ 

W 

M 

C 



The reason for the position of the chloroacetate 
can onlj' be explained by the fact that the — C — O — 
bond is very sensitive to solvolysis in this compound, 
consequently, ethanol bad sufficient solvolytic 
properties to destroy it rapidly. The stability of the 
other esters varied directly with the Ka of the acid 
radicals 

The degradation rates of these compounds in 
HCl-ethanol U. S. P. did not follow any definite 
pattern. Their rates of decomposition appeared to 
be a composite of proton attack and solvolysis; 
the acrylate ester was the most stable. This 
addition of 5% water to the anhydrous media 
reduced the rate of elimination about 10 times. 
This appears to be related to a competition of water 
molecules and the proton on the cyclohexene ring 
for the o.xygen of the ethanol, thus reducing the 
basicity of the media and rate of elimination of the 
proton. 



The differences in stability of these compounds in 
alcoholic solutions, with and without HCl suggested 
two mechanisms of decomposition. 

(a) Proton Catalyzed Attack . — The esters contain- 
ing fatty acids with large KaS were attacked the 
least and this appeared to be related to the reduced 
electron density around the alkyl o.xygen. Since 
the electronegative effect of hydrogen is less than 
that of a carbonyl group it is not surprising that 
vitamin A alcohol is more sensitive to the proton 
catal 5 'zed attack than vitamin A esters. 

(i) Solvolytic Attack . — In alcoholic or hydroalco- 


> This compound is aa exception to the rule. 
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liolic media the stability against elimination is 
dependent on the strength of the carbon-owgcn 
bond (X) It has been observed that vitamin A 
alcohol is more stable than vitamin A esters in 
uncatah zed solvent systems (2) It is reasonable to 
assume that the electronegative effect of the car- 
bon^ 1 group and the groups in the a position iveak- 
cned the bond through an inductive effect on the 
electrons of the covalent bond The electronega- 
tive effect of hjdrogcn (in vitamin A alcohol) is 
small compared to the strong electronegative groups 
mentioned Solvoljsis uas further substantiated 
by Higuchi and Reinstein (2) tvho shoived that 
pjridine in ethanolic vitamin A acetate solutions 
had no effect on the rate of elimination Since 
P5 ridme Mould remove protons it appeared that the 
mechanism was solvolysis and not acid attack 

Stabilization by the one mechanism caused a 
corresponding decrease in stability by the other 
mechanism, therefore, it iiould appear most desir- 
able to synthesize a molecule ivhich is stable against 
solvoh tic attack This could possibly be done by 
the use of fatty acids with very loiv Ka values The 
combined mechanism of decomposition is as shon-n 
above 

SUMMARY AND CONCLUSIONS 

1 A method of synthesis for esters of vitamin 
A sensitive to water was developed 


2. The rate of eliminative degradation of vita- 
min A esters in isopropanol, aqueous-isopropanol, 
and 0 01 N HCl in ethanol was measured. 

3 The physical constants for these new esters 
were determined. 

4 The previous information on vitamin A al- 
cohol, its esters, and the information in this study 
w'as correlated into the possible mechanisms of 
vitamin A decomposition. 

5 Paper chromatography was used to deter- 
mine the reaction products 
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An Investigation of Particle-Medium Interactions 

in Suspensions* 

By W. A. HADDAD-LOUISt and A. P. LEMBERGER 

The physical significance of the two parameters as suggested by Robinson was in- 
vestigated using Newtonian and non-Newtonian suspensions of glass spheres. Sys- 
tem mean for each parameter did not vary significantly among the different suspen- 
sions. The initial viscosity and density of the medium seem to have no effect on 
the value of the parameters. An empirical equation used by Oliver can be rearranged 
when ki — 0, into a form similar to Robinson’s equation. Since Robinson’s equation 
can thus be viewed as a special case of the equation used by Oliver, it seems unlikely 
that the parameters have the physical significance assigned to them by Robinson. 


"D ELATivELY LITTLE IS ktiowti about the influ- 
ence of the dispersed phase on the overall 
rheological properties of suspensions, particularly 
at high volume concentrations of dispersed phase. 
Man}' empirical equations have been proposed 
which describe the rheological behavior of specific 
suspensions, but these equations cannot be made 
to apply to all systems. 

Einstein derived a theoretically valid equation 
for the flow of simple systems under ideal condi- 
tions; however, the equation applies only at low 
volume concentrations of the dispersed phase. 
Several attempts have been made to extend Ein- 
stein’s equation to higher volume concentrations 
of dispersed phase and to more complex S 3 "stems. 
Some of these modified equations have been 
rather successful although they contain parame- 
ters without physical significance. Excellent re- 
views of the literature are given by Vand (1), 
Robinson (2, 3), and Ward (4). 

Robinson (2, 3, 5) has proposed an equation 
with constants to which he has assigned physical 
significance. It was thought that equations 
which contain parameters to ivhich physical signi- 
ficance can be attached could be usefully applied 
to a better understanding of the rheological 
properties of pharmaceutical suspensions and in 
a study of the contribution of the various com- 
ponents to the overall properties exhibited by a 
suspension. This study was undertaken to test 
the validitj' of the physical significance of the 
parameters in the equation proposed by Robin- 
son. 


THEORETICAL CONSIDERATIONS 

The equation derived by Einstein for the flow of 
simple systems under ideal conditions states 
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n = «o(l -f- A'K) (Eq. 1) 

where n is the viscosity of the suspension, Uo is the 
viscosity of the dispersing medium, V is the volume 
fraction per unit volume of suspension of dispersed 
phase, and it is a constant with a value of 2.5 for 
spheres (3). 

Equation 1 may be rearranged into the form 

ii.p = KV (Eq. 2) 

where K.p, tlie specific viscositj’ of the suspension, 
is equal to «/«<> — 1. 

In an attempt to extend the range of usefulness 
of Einstein’s equation to higher volume concentra- 
tions, Robinson (2) proposed the equation 

n.r, = KV/1 - S'V (Eq. 3) 

where S’ was defined as the relative sediment 
volume, the sediment volume per unit volume of 
solids. The quantity 1 — 5' K then corresponds to 
the volume of free liquid. Robinson tentatively 
assigned a physical significance similar to a frictional 
coefficient to K; thus it would be influenced by such 
factors as a particle roughness, shape, and the 
presence or absence of an adsorbed shell of suspen- 
sion medium around the particles. By plotting 
V/n,p against V, the two parameters, K and S', 
are given by the reciprocals of the Y and X inter- 
cepts, respectively. 

An empirical relation given by the equation 

(Eq. 4) 


where n„i is the relative viscosity (n/iio) and k 
and k\ are constants, was observed by Oliver (4, 6) 
to hold for suspensions. For stable suspensions 
k, = O. 

It can be simply shown that when ki = O, Eq. 5 
can be expressed as 

n,p=kV/l-kV (Eq. 5) 

which has the form of Robinson’s equation. When 
ki 4^ 0, Eq. 4 can be rearranged to 


lisp 


kv 4- ki 
I - kV - ki 


(Eq. 6) 


From Eqs, 5_ and 6 it appears that when ki = O, 
Robinson’s K and S' should be equal to each other 
and identical with Oliver’s k, while for suspensions 
where *1 ^ 0, tlic values of K and S' should differ 
due to the introduction of the constant h. 
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EXPERIMENTAL 


RESULTS AND DISCUSSION 


Apparatus. — The Drage rheometer (7) was used 
for all the \iscosit\ determinations in this studt 
The cup was immersed in a eonstant temperature 
bath set at 25 0 ± 0 1° during the determinations 

Materials. — Glass spheres (Minnesota Mining and 
Manufacturing Co ) were used as suspended ma 
tcnal 111 all e\perinients The spheres obtained 
were subjeeted to a fraetional sedimentation in 
water to eliminate hollow spheres Microscopie 
anah sis performed on tlie spheres used ga\ e a 
mean diameter of 30 OS /i, w itli a standard dei lation 
of 3 94 p A periodic check on the densiti of the 
spheres during the eourse of the studi showed a 
change from 2 438 to 2 475, indicating that the 
size distribution remained essentiallj constant 

Solutions of commerciallj aiailable grades of 
methil cellulose (Dow Chemieal Co ), earbovj 
methil cellulose (Hercules Powder Co ), acaeia 
U S P , sucrose U S P , and strontium bromide 
N F were used as suspending media Poljethjlene 
gljcol 400 (Carbide and Carbon Chemicals Co ), 
S A E motor oils number 30 and 50 (Cities Service), 
and eastor oil U S P w ere also emplo} ed as sus- 
pending media 

Procedure. — The required amount of glass spheres 
was weighed to the nearest 0 1 Gni and transferred 
to a calibrated Erlenmevcr flask Some of the 
suspending medium was then added and niived 
well with the glass spheres Enough suspending 
medium was then added to dilute the suspensions 
to volume The suspensions were then placed in a 
constant temperature water bath and allowed to 
come to temperature, about two hours was allowed 

Each suspension was then stirred well with a glass 
rod to break up anj sediment which may have 
formed, tlie flask stoppered tightlj, and allowed to 
tumble in a resuspending device for about ten 
minutes The suspending medium was also treated 
m the same wav Enough of the suspension was 
then rapidlv transferred to the proper cup and bob 
set, and the viscositv determined in the viscometer 
The time elapsed between the transfer of the sus 
pension to the cup and readings taken in the rhe- 
ometer, both at increasing and decreasing rates of 
shear, was one to one and one half minutes Sev cral 
up and down determinations were made A center- 
ing device consisting of two half circles, with an 
opening in tlie center for the neck of the bob, 
was used to make sure the bob was centered All 
runs were repeated three to four times except for 
the strontium bromide solutions where single de- 
terminations were made Suspensions of the glass 
spheres were prep ired on a weight volume basis 
over a concentration range of 10-80% at 10% 
increments 5’olume concentrations w ere calculated 
from tlie densitv of the glass spheres and suspension 
medium 

The glass spheres were recovered bv repeated 
washings and decantations with distilled water 
In some cases it was necessarv to add a detergent 
to the water washings In these cases, after wash 
ing, tlie glass spheres were allowed to stand over- 
night m chromic acid cleaning solution followed bv 
repeated w.ashing with distilled water until free of 
color The spheres were then transferred to an 
evaporating dish and allow e-d to drv m an oven at 
105° for ten hours 


Calculation of Viscosities — It has been found cm 
piricallv that a plot of the logarithm of the rate 
of shear is the logarithm of the shearing stress 
viclds a straight line, the slope of the line being ) 
dependent on the rheological bchav lor of the 
svstcni The equation of the straight line is 

log S = in log T -t- log a (Eq 7) 
w Inch maj be vv ritten 

5 = ar" (Eq 8) 


where 5 is the rate of shear, t is the shearing stress, 
log a is the intercept when log t equals zero, and 
m is the slope of the line (8-16) 

The apparent viscositj, iia, of the sjsteni at 
anv point on the curve is given bj the dcnvativ e of r 
with respect to S therefore from equation 7 

dS = dr (Eq 9) 


dr _ 1 

dS ma 


(Eq 10) 


Equation 10 giv es the viscosity of the sj stem at anv' 
desired rate of shear, or shearing stress When the 
substance behaves as a Newtonian liquid, iii = 1 
and Eq 10 becomes 


dr _ 1 
dS ~ a 


(Eq 11) 


where l/o is the Newtonian viscosity A coii- 
V enient point to use as the basis of comparison for 
the viscosities of non-Newtonian substances is 
obtained bj imposing the condition r = 1 Eq 10 
then becomes 


dr _ 1 

dS ma 


(Eq 12) 


The qiiantitv \/ma is the apparent viscositj of the 
sjstcm when t = 1, and is the viscosity used m this 
investigation for non-Newtonian fluids 

Tlie slope, m, is obtained from anj two points of 
the curve The constant, a, can be obtained, bj 
calculation, from the slope and a point on the curve 
Equation 12 has been used bj several workers 
(8, 9, 14, 15) as a basis of comparison for the rhto 
logical behavior of non Newtonian sj stems 

In order to obtain e.\pcrimental data to support 
the usefulness of this viscositj measure a series of 
experiments was designed with solutions of metlijl 
cellulose 25 and 4000 grades, which show pseudo 
plastic bthav lor Solutions of increasing concen- 
tration of each grade of methjl cellulose with vis 
cosities ranging from 50 to 500 c p s were tested 
for their viscosities according to Eq 12 and the 
logarithms of the viscosities were plotted agimst 
the weight concentration of active ingredient A 
straight line was obLained in t.ich case This be 
liav lor agrees vv itli tliat obtained vv itli other methods 
of V iscositj determul ition 

Systems Studied — Of the subst iiices investi- 
gated, ac.icia and sucrose s ilutions, S A E motor 
oils 30 and 50, and polvethvlcne gljcol 400 showed 
Newtonian behivior, while solutions of methjl 
cellulose 25 and 4000 grades, sodium CMC medium 
V iscositv , and strontium bromide in methj 1 cellulose 
showed psuedo pi isiic behavior The suspensions 
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of glass spheres in these substances behaved in the 
same way as did the original solutions of the sub- 
stances. 

Typical plots of Robinson’s equation arc shown 
in Figs 1 and 2. It should be pointed out that the 
) viscosities at the low solid concentrations yield 
points which are less reliable than those at high 
solid concentrations, since in the calculation two 
large figures are being subtracted to obtain a 
small number. The equation held well in the 
range of concentrations used. The parameters 
obtained from Robinson’s plots, K and S', are sum- 
marized in Table I. It is to be noted that neither 
the viscosity nor the density of the original suspen- 
sion seem to have any significant effect on the value 



. Fig. 1. — ^Robinson tj'pc plot of suspensions in CMC 
solution. K = 2 27, 5' = 2 17. 



Fig. 2 — ^Robinson type plot of suspensions in 
methyl cellulose solution 4000 (initial viscosity = 
227). A" = 3 33, 5' =2.11. 


of K Robinson reported similar results from his 
investigations with the exception of the K values, 
which he found to varj^ depending upon the medium 
and which he postulated as being influenced by 
particle-medium interaction 

The difference in diameters of the particles used 
in this work compared to the 10-30 it spheres used 
by Robinson is to be noted If there is assumed 
to be an immobile liquid shell of constant thickness 
around each particle, then the smaller the particle 
the greater the relative effect this shell would have 
on the effective particle volume This may account 
for the difference in values obtained by Robinson 
and those presently reported 


Table I — Parameters Obtained from Robinson’s Plots 


Initial 

Viscosity, 

Suspending Medium c p s 

^Density * 

Glass 

Medium Spheres 

k 


Constants 

K S' 

K 

(Calculated) 

Carboxy methyl cellulose 
(medium viscosit 5 ’) 

soln. 

188 

1 0278 

2 475 

2 3 

0 00 

2 3 

2 2 


Castor oil 

710 

0 9602 

2 468 

2 3 

0 00 

2 4 

2 3 


Polyethylene glycol 400 

88 

1 1254 

2 468 

2 2 

0 01 

2 5 

2 2 

2 3 

Sucrose solution 

142 

1 3270 

2 468 

2 3 

0 01 

2 7 

2 3 

2 4 

Acacia solution 

122 

1 1246 

2 470 

2 0 

0 11 

3 0 

2 3 

2 8 

Methyl cellulose 4000 
soln 

133 

1 004 

2 438 

2 0 

0 10 

2 8 

2 1 

2 9 

Methyl cellulose 4000 
soln. 

227 

1 004 

2 438 

2 0 

0 15 

3 3 

2 1 

3 5 

Methyl cellulose 4000 
soln. 

507 

1 004 

2 438 

2 1 

0 07 

3 0 

2 1 

2 8 

Methyl cellulose 26 soln 

49 

1 040 

2 438 

1 9 

0 14 

3 3 

2 0 

3 2 

Methyl cellulose 25 soln 

220 

1 040 

2 438 

1 9 

0 09 

3 2 

1 8 

2 9 

Methyl cellulose 25 soln 

502 

1 040 

2 438 

2 1 

0 10 

3 3 

2 2 

3 1 

Strontium bromide in 
methyl cellulose 25 
soln. 

86 

1 4818 

2 408 

1 8 

0 15 

3 2 

1 9 

3.2 

Strontium bromide in 
methyl cellulose 25 
soln. 

108 

1 5686 

2 468 

2 1 

0 05 

2 5 

9. 9 

2.4 

Strontium bromide in 
methyl cellulose 25 
soln. 

99 

1 4545 

2 468 

2 0 

0.08 

2.7 

2.1 

2.6 

Strontium bromide in 
methyl cellulose 25 
soln. 

98 

1 2807 

2 468 

2 1 

0 06 

2 6 

9 9 

2 5 

SAE No. 30 motor oil 

211 

0 8770 

2 468 

2 2 

0 00 

2 7 

2 3 

2.7 

SAE No. 50 motor oil 

555 

0 8890 

2 468 

2.1 

0 07 

2.8 

2 2 

2.7 
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Fig. 3. — Oliver type plot of suspensions in CMC 
solution, k = 2 2G, ki = 0 00. 


The data obtained in these studies have also been 
plotted according to the equation used by Oliver. 
Typieal e.\'aniplcs of these type plots are shown in 
Figs. 3 and 4. The values obtained for k and y!-| 
from the slope and intercept, respectively, are given 
in Table I. In the cases ivherc ki = 0, it can be 
observed that the values obtained for K and S' 
are close; they should in fact be equal. As ki 
increases from zero it ean be seen that K and S' 
differ more and more due to the incorporation of ki 
into their values according to Eq. G. 

Since both Eqs. 3 and G seem to hold for the 
data obtained over the eoneentration range of 
suspended glass spheres used in this study, they 
may be equated. 

A'F ArF + ki 

1 - S'V 1 - kV - k, 



Fig. 4. — Oliver type plot of suspensions in methyl 
cellulose 4000 grade (initial viscosity = 227). k = 
1.95, ki = 0.15. 


The value of S', interpreted by Robinson as the 
relative sediment volume, showed a narrower varia- 
tion range than did the values of K. The relative 
sediment volume per unit volume of glass spheres 
in water was obtained by multiplying the reciprocal 
of the bulk density by the true density of the glass 
spheres, thus: 

1/1.41 X 2.47 = 1.75 

The bulk density rvas determined under the in- 
fluence of gravity only. The dificrence in the 
values of the parameter S' determined e.vperi- 
mentally and the relative packing volume of the 
glass spheres in water obtained here is significantly 
greater than that obtained by Robinson (2). If 
5' is the relative sediment volume, these results 
suggest that, in the media studied, a fairly thick 
layer of suspending medium is held immobile at the 
surface of the particles. This conclusion seems 
unlikely, however, in view of the small variation in 
S' observed with the dilTerent suspension media 
used in this study and the large size of the spheres 
used relative to molecular dimensions. 


and thus 


„ ^ (1 - 5'F)(/:K+ k,) 
F(1 - kV - ki) 


(Eq. 13) 


If V is arbitrarily taken at some value at which 
both equations apply and the e.vperimentally de- 
termined values for S', k, and k^ are used, it is 
possible to calculate the theoretical value of K. 
These calculated values are given in Table I where 
Fis taken at 0.25. 

The agreement obtained between the calculated 
and the e.vperimcnUd values for K seems reasonable 
in consideration of the possible error in S', k, and 
^ 1 , which arc determined e.vperimentally. It would 
thus seem that Robinson’s equation can be viewed 
as a speeial case of the empirical equation used by 
Oliver. If the physical significance of K is as a 
frictional coefficient, then it must be corrected 
for some other factor which appears as k\ in Eq. G. 
Indeed, since K and S' are c.vpected to be nu- 
merically equal, it would seem that whatever physical 
significance they possess, if any, should be at- 
tributed to related properties. 
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Accelerated Color Loss of Certified Dyes in the 
Presence of Nonionic Surfactants* 

By MORTON W. SCOTTt, ALEX J. GOUDIE, and ARTHUR J. HUETTEMAN 


The retention of color in aqueous and buffered solutions containing certified dyes 
(0.001 per cent) and nonionic surfactants (1.0 per cent) was measured after fourteen 
days storage at 48.8°. Six dyes, (FD&C Red No. 1, Blue No. 2, Red No. 4, Green 
No. 1, Yellow No. 5, and D&C Orange No. 3) and five commercially available sur- 
factants (Twe’en 20, Igepal CA-710, Pluronic F-68, Myrj 52, and Brij 35) were in- 
cluded in the study. In all but four of the thirty systems examined, accelerated fading 
was noted over that obtained with solutions of the dye alone. For mixtures of FD&C 
Red No. 1 with Brij 35, and mixtures of FD&C Blue No. 2 with Pluronic F-68, the 
rate of fading was found to follow pseudo first order kinetics. 


C ONSIDERABLE EFFORT is often required in 
formulating color-stable pharmaceuticals 
containing certified dyes. 'UTiile the use of 
antioxidants, chelating agents, and/or light ab- 
sorbers may be of value in specific formulations, 
these additives do not exert protective effects in 
all systems. In the past, the formulating chemist 
also had at his disposal a reasonable nmnber of 
certified dyes within each color category so that 
it was generally possible to select, after simple 
screening studies, at least one dye possessing 
satisfactor}^ stability characteristics. Since the 
number of dj^es on the certified lists now seems to 
■ be decreasing annually, the selection of a suitable 
dye is becoming more difficult. 

Although the problem of maintaining color 
stability in pharmaceuticals and cosmetics is of 
general concern, little pertinent information on 
this problem has appeared in the literature. It is 
significant to note that quantitative data on the 
light and thermal stability of the certified dyes is 
not readily available in published reports. Some 
information can be obtained from general re- 
views released by the various dye manufacturers 
(1-3), but this data is only qualitative in nature. 
Details on the spectral characteristics and manu- 
facturing techniques for several certified dyes can 
be found in the reports of Sclar and Freeman (4, 
5). However, the interactions between dyes and 
other pharmaceutical reagents which may lead to 
poor color stability in finished products have re- 
ceived little attention. 

Kuramoto, Lachman, and Cooper (6) have 
shown recently that reducing sugars, such as 
^dextrose and lactose, have a deleterious effect on 
the color stability of FD&C Blue No. 2. MTiile 
these results are not surprising in view of the 
knorvn sensitivity of indigo dyes to reducing 
agents (7), the report does illustrate how common 

* Received August 21, 1959, from Johnson and Johnson 
Research, New Brunswick, N. J. 

Presented to the Scientific Section, A. Pii. A., Cincinnati 
meeting, August 1959. 

t Present address: Revlon, Inc., Bronx, N. V. 


pharmaceutical materials may react with dyes 
to promote fading. 

The present study was prompted by observa- 
tions in our laboratories which suggested that 
nonionic surfactants may accelerate the rate of 
fading in products containing certified dyes. 
Since these surfactants are often used in colored 
preparations, it appeared worthwhile to explore 
this area in greater detail. 

To simplify our experiments, it was decided to 
examine the color stability of dye-surfactant mix- 
tures using simple aqueous solutions of the two 
components. For the initial survey experiments, 
six dyes, representing each of the major color 
categories, and five nonionic surfactants were 
selected. The surfactants included both ester 
and ether types which are widely used in 
pharmaceuticals. The dyes and surfactants were 
studied at 0.001% and 1.0%, respectively, be- 
cause these compounds are commonly employed 
in similar concentrations in many formulations. 

The systems containing FD&C Red No. 1 with 
Brij 35 and FD&C Blue No. 2 with Pluronic 
F-68 were taken for more detailed kinetic analysis. 
These systems were selected because they repre- 
sented dye-surfactant combinations with widely 
differing properties and because their rates of 
color loss seemed most amenable to kinetic stud 3 L 

EXPERIMENTAL 

Materials. — Certified dyes used in this study 
included; FD&C Red No. 1. FD&C Blue No. 2, 
FD&C Red No. 4. FD&C Green No. 1, FD&C 
Yellow No. 6, and D&C Orange No. 3.^ The com- 
mercially available nonionic surfactants employed 
for the study were; Tween 20,- Igepal CA-710,’ 
Pluronic F-68.'' Myrj .52,'’ and Brij 35.® 


‘ Dyes obtained from H. Kobnstamm Co.. Inc. 

* Polyoxyethylene sorbitan monolaurate, Atlas Powder Co. 

* Alkyl phenoxy polyoxyethylene ethanol, Antara Chemi- 
cals Division, General Dyestuff Corp. 

< Condensate of polyoxypropylene with ethvlene oxide. 
Wyandotte Chemicals Corp. ’ 

‘ Polyoxyethylene stearate. Atlas Powder Co. 

* Polyoxyethylene lauryl ether. Atlas Powder Co. 
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Table I. — Colorimetiuc Data for Dye-Surfactant TMi.ntures in Aqueous Solution 


Dye-Surfactant 

Initial Observations 

Ratio of 

Sample to Control 

Observations After 14 Days at 48. S® 
Ratio of 

Sample to Control 

Combinations^ 

Absorbance ^ 

Absorbances 

Absorbance 

Absorbances 

FD&C Red Xo. 1 

X'one 

0.492 


0.479 


Tween 20 

0.425 

0.866 

C 


Igepal C.A-710 

0.430 

0.875 

0.287 

0 600 

Pluronic F-6S 

0,482 

0.983 

0.470 

0.983 

Myrj 52 

0.443 

0.902 

0.000 

0.000 

Brij 35 

FD&C Blue Xo. 2 

0.439 

0.893 

0.094 

0.196 

X'one 

0.451 


0.243 


Tween 20 

0.290 

0.643 

C 


Igepal CA-710 

0.415 

0.922 

0.000 

0.000 

Pluronic F-08 

0.455 

1.010 

0.061 

0.251 

Mvrj 52 

0.430 

0.955 

0.007 

0.003 

Brij 35 

0.305 

0.698 

0.000 

0.000 

FD&C Red Xo. 4 

X’one 

0.452 


0.420 


Tween 20 

0.388 

0.858 

c 


Igepal CA-710 

0.387 

0.855 

0.293 

0.710 

Pluronic F-68 

0.437 

0.968 

0.403 

0.960 

Myrj 52 

0.404 

0.893 

0.009 

0.021 

Brij 35 

0.396 

0.876 

0.060 

0.143 

FD&C Green Xo. 1 

Xone 

1.495 


1.321 


Tween 20 

0.381 

0.393 

e 


Igepal CA-710 

1.031 

0.690 

0.140 

0.095 

Pluronic F-G8 

1.372 

0.918 

1.249 

0.942 

Myrj 52 

1.459 

0.975 

0.019 

0.007 

Brij 35 

1.495 

1.000 

0.052 

0.025 

FD&C Yellow Xo. 5 

X’one 

0.504 


0.491 


Tween 20 

0.504 

1.000 

e 


Igepal CA-710 

0.503 

1.000 

0.439 

0.934 

Pluronic F-G8 

0.499 

0.992 

0.080 

0.163 

Myrj 52 

0.492 

0.980 

0.000 

0.000 

Brij 35 

0.489 

0.972 

0,002 

0.004 

D&C Orange Xo. 3 

Xone 

0.443 

. • . 

0,281 


Tween 20 

0.430 

0.972 

e 


Igepal CA-710 

0.421 

0.952 

0.157 

0.658 

Pluronic F-68 

0.445 

1.005 

e 


Myrj 52 

0.438 

0.990 

0.049 

0.174 

Brij 35 

0.433 

0.978 

0.159 

0.566 


All dyes used at concentrations of 0.001 % w/v; surfactant concentrmlon at 1.0% w/v. 

Absorbance measured at wavelenKth of maximum absorption; FDficC Red Ko. 1 at 504 m/i. FD&C Blue No 2 at GOO mp, 
FD&C Red No. 4 at 503 mp, FD&C Green No. 1 at 027 mp, FD&C Yellow No. 5 at 413 mp, D&C OranRO No. 3 at 480 nip. 

^ Sample was colorless and turbid. 


Preparation of Samples for Survey. — .Aqueous 
stock solutions of each dye and each surfactant 
Mere prepared at concentrations of 0.01% and 
10.0%, respectively. In the case of the Pluronic 
F-GS, Myrj 52, and Brij 35, mild heat and agitation 
were needed to speed dissolution of the surfactant. 
.Aliquots of the stock solutions were blended and 
diluted with distilled water to give a series of 30 
solutions, each containing a single dye at 0.001 % 
and one surfactant at 1.0%. .All possible 2- 
component combinations of the si.v dyes and five 
surfactants were prepared. 

Samples were packaged in .50-inl. volumetric 
flasks (filled to the mark) and stored in the dark at 
4S.S i 0.5° for fourteen days. They were cooled 
quickly to room temperature, brought back to 
volume with distilled water if neccs.sary, and 
analyzed. Control .samples containing no surfact- 
ant and sample blanks containing no dye were 
handled in a similar fashion. .\ duplictitc series of 
e-xperiments was conducted in which M/15 S'lren- 


sen’s phosphate buffer, pH 0.98, was used as the 
diluent for all stock solutions and samples. 

Analysis. — The visible absorption spectra for the 
initial and aged samples were obtained with a 
Beckman model DK-1 recording .spectrophotometer 
using 1.0-cin. Pyrc,\ cells. pH values were deter- 
mined with a Beckman Zeromatic pH meter. 

Kinetic Studies. — Solutions containing 0.001 /V 
FD&C Red Xo. 1 combined with 1.0%, Brij 35 
and 0.001% FD&C Blue Xr>. 2 combined with 
1.0% Pluronic F-08 in M/15 Sorensen’s phosphate 
buffer, pH 0.98, were prepared as outlined .-iboviA 
Aliquots of the.se solutions were stored at 21.1, 
.37..5. 48.8, GO.O, and 71.1° ± 0..5° for various time 
intervals. Control samples containing no surfactant 
were stored under the same conditions. .At ap- 
propriate times, sample.s tverc removed from each 
temperature .station for colorimetric analysis. 
.A Beckman model DU spectrophotometer was used 
for all measurements. The samples were scanned 
occasionally on the model DK-1 instrument to 
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Taele II. — Colorimetric Data for Dve-Sorpactant Mixtures in M/15 Sorensen’s Phosphate 

Buffer, pH 6.98“ 


Initial Observations Observations After H Days at 46.8° 


PyC'Surfactant 

Combinations^ 

Absorbance® 

Ratio of 

Sample to Control 
Absorbances 

Absorbance® 

Ratio of 

Sample to Control 
Absorbances 

FD&C Red No. 1 

None 

0,444 


0.441 


Tween 20 

0.391 

0.881 

0.003 

0,007 

Igepal CA-710 

0.382 

0.862 

0.024 

0.054 

Plutonic F-08 

0.430 

0.970 

0.410 

0.930 

Myrj 52 

0.392 

0.884 

0.000 

0.000 

Brij 35 

0.387 

0.895 

0.002 

0.005 

FD&C Blue No. 2 

None 

0,410 

. . . 

0.333 

• . . 

Tween 20 

0.410 

1.000 

0.139 

0.416 

Igepal CA-710 

0.409 

0.997 

0.291 

0.874 

Plutonic F-68 

0.414 

1.008 

0.226 

0.679 

M3Tj 52 

0.404 

0.985 

0.143 

0.430 

Brii 35 

0.380 

0.927 

0.000 

0.000 

FD&C Red No. 4 

None 

0,477 

. ♦ . 

0.479 

* . , 

Tween 20 

0.414 

0.869 

0.002 

0.004 

Igepal CA-710 

0.399 

0.837 

0.198 

0.413 

Plutonic F-6S 

0.460 

0.965 

0.457 

0.955 

Myrj 52 

0.407 

0.853 

d 


Brij 35 

0.400 

0.840 

0.000 

0.000 

FD&C Green No. 1 

None 

0.999 

• . . 

0.978 

» . . 

Tween 20 

0.057 

0.057 

0.058 

0.057 

Igepal CA-710 

0,085 

0.0S5 

0.081 

0.079 

Plutonic F-68 

0,843 

0.844 

0.776 

0.823 

Myrj 52 

0,040 

0.040 

0.040 

0.039 

Brij 35 

0.046 

0.046 

0.032 

0.031 

FD&C Yellow No. 5 

None 

0.487 

• . • 

0.475 


Tween 20 

0.487 

1.000 

0,008 

0.017 

■ Igepal CA-710 

0.477 

0.979 

0.214 

0.451 

Pluronic F-68 

0.487 

1.000 

0.467 

0.983 

MjT-j 62 

Brij 35 

0.473 

0.971 

0.008 

0.017 

0,479 

0.982 

0.002 

0,004 

D&C Orange No. 3 

None 

0.410 


0.407 


Tween 20 

0.393 

0.958 

0.000 

0.000 

Igepal CA-710 

0.380 

0.926 

0.202 

0.496 

Pluronic F-68 

0,403 

0.985 

0.396 

0.973 

Myrj 52 

0.398 

0.970 

0.000 

0.000 

Brij 35 

0,381 

0.930 

0.000 

0.000 


a All samples remained at pH G.9S ± 0.02 over the storage interval. 

All dyes used at concentrations of 0.001% w/v; surfactant concentration at 1.0% w/v. 

° Absorbance measured at wavelength of maximum absorption; FD&C Red No. 1 at 501 mp. FD&C Blue No. 2 at 609 mp, 
FD&C Red No. 4 at 503 mp, FD&C Green No 1 at 627 mp, FD&C Yellow No. 5 at 413 rap, D&C Orange No. 3 at 480 rop. 
4 Sample was colorless and turbid. 


dcteniiine if tlieir wavelengtlis of nja.\imum absorb- 
ance had shifted. In no case was such a shift 
detected. pH values were found to remain constant 
over the test interval. 

RESULTS AND DISCUSSION 

Table I summarizes the absorbance data for all 
unbuffered dye-surfactant combinations included 
^in this study. The intensity of color remaining in 
“i' the dye-surfactant samples compared to that 
\ remaining in the surfactant-free controls is also 
) shown in Table I for both the initial and aged 
samples. This comparative retention of color 
has been expressed in terms of the ratio of the sample 
absorbance to that of the control, where both meas- 
urements were taken at the wavelength of max- 
iinuni absorbance for the dye component alone. 
The selection of this wavelength for comparison 


was justified since it was found that in the presence 
of surfactant no wavelength shift occurred. Absorb- 
ance measurements were taken for all FD&C Red 
No. 1 systems at 504 mp. Blue No. 2 at 609 rap. 
Red No. 4 at 503 mp. Green No, 1 at 627 mp, 
and D&C Orange No. 3 systems at 480 mp. 

The results in Table I show that each of the 
surfactants tested exerts a deleterious efi'ect on the 
color stability of the six certified dyes. After 
fourteen days aging at 48,8°, 26 of the 30 systems 
e.\amined exhibited a comparative color loss greater 
than 10%. In general, FD&C Blue No. 2 appeared 
most sensitive to the action of the surfactants, 
while Tween 20 and Myrj 52 produced the most 
dramatic effects on dye stability. In the systems 
containing Tween 20 and FD&C Blue No, 2 or 
Red No. 4, significant fading was noted immediately 
after preparation of the samples. 
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In all ca‘;es reported iii Table I, a significant drop 
in sample pH from the initial a allies betneen GO- 
TO lias obtained after aging The final pH fell in 
the range of pH 3 5 to o 0, although there uas 
considerable aanation betneen each surfactant 
sisteni Similar obsera atioiis aacre obtained for 
the surfactant solutions containing no da e In 
the case of the ester tape surfactants (Tiaeen 20 
and ^^a^J 52) this pH drop is beheaed to be the 
result of ha droll SIS This niaa , in turn, explain the 
appearance of tiirbidita in scaeral of the Tiacen 20 
samples For the ether surfactants, the pH drop 
on aging is more difficult to explain No indica 
tions of microbiological contamination aiere found 
111 ana of the fourteen daa samples 

In order to eliminate the possibilita that dae 
fading lias associated iiith the increase in acidita in 
aged samples, all dae surfactant combinations aaere 
reprepared in buffer solution The results of this 
studa are shoiin in Table If It is apparent that, 
iihilc the pH has remained constant oaer the 
storage interaal, accelerated fading still occurs 
A\ e haa e dcliberatela aa oided making a comparison 
of the fading effects in the buffered and unbuffered 
solutions because different lots of surfactants aaere 
used for each studa 

The exact interactions betaaeen da e and surfactant 
aahich lead to accelerated fading arc not knoaan It 
aaould appear from the results in Tables I and II 
that some characteristic comiiion to all o' the 
surfactants is inaolacd in the fading mechanism 
Since all of the surfactants studied are cthalene 
oxide addition products it seemed aaorthaahile 
to examine the effects of other tthjlcne oxide 
condensitcs on dae stabihta Limited expert 
nicnts using polaethalcue ghcol 200, poljetinlene 
ghcol 000, and poh cthalene glaeol 0000, shoaaed 
that these materials also cause accelerated fading of 
the certified dies The reaction of dies aaitli 
surfactants maa result therefore because of the 
presence of the cthalene oxide nioict) in the surfact- 
ants While aac do not postulate a complexing 
phenomenon at this tunc, W atbcl (b) has reported 
that (cthoxa latcd) noniomc surfactants exist in 
solution as polaoxoniiim compounds aaluch actuallj 
are not nonionic, but aacakla cationic He states 
that these positiaela charged ions arc capable of 
reacting aa itli anionic coloring agents 

Figure 1 shoaas that the rate of fading of FD&C 
Red No 1 in the presence of Brij 35 (iroceeds ba taao 
pseudo first order reactions ' The first reaction, 
aahich is comparatia ela sloaa, aaas obseraed at all 
temperatures This aaas folloaaed at teinpcratiircs 
aboa e 4S S° ba a more rapid second reaction Table 
III presents the rate constants at the fiae tempera 
tures studied 

It IS important to note further tli it I D&.C Red 
No 1 in the absence of Bnj 35 did not lade it ana 
of the temperatures ma estigated The accelerating 
effects of the surfactant, therefore arc clearla 
ea ideiit 

The Arrhenius plots for the Red Brij sastem arc 
shoaan in Figs 2 and 3 These plots suggest that 
taao mechanisms are inaolaed in the fading re 
action At temperitures btloaa 37 5' aae find the 
first re ictioii aahich is c)i iracltrized ba an entrga of 


1 Xt the Inacr tem(>entercs uWriatuns were citcmicci 
consHicral la lc>(a(tthatah(aaninlig 1 



Tig 1 — First order plots for color fading in FDS.C 
Red No 1-Brij 35 sj stem 


Table HI — Rate Constants tor the Fading or 
Color i\ FDS-C Red No 1-Brij 35 Mixtures at 
A'arious Temperatures 


Composi 

Tempera 
tiire °C 


Rate Constants 

tion« 

±0 5° C 


(Reciprocal Hours) 

FDS-C Red 

21 1 


<1 0 X 10-* 

No 1 

37 5 


<1 0 X 10-‘ 

(0 001%) 

48 8 


<I 0 X 10"' 

00 0 


<1 0 X 10-“ 


71 1 


<1 0 X 10-“ 



I irst Kenction Second R'lCliim 

FDSrC Red 

21 0 

1 

04 X 10-* 

No 1 

37 5 

1 

25 X 10-“ 

(0 001%) 

48 8 

5 

94 X 10-“ 1 .53 X 10-’ 

plus Brij 

00 0 

1 

51 X 10-“ 1 85 X 10-' 

35(1 0%) 

71 1 

3 

89 X 10-“ 8 09 X 10-' 


« Diluent Sorensens M/15 phosphate huger pH (> 118 


actiaatioii of 219 Real /mole and .i prohihihta 
factor of .1 8 X 10“‘" At higher temperatures the 
second re iction occurs aahich has an energa of 
actiaation of 47 0 Kcal /mole and a prohihihta 
factor of 1 X 10™ These aahics .ire aieiaed aaitli 
some rcscraation beciiise replicate experiiiieiits 
shoaacfl that the kinetics in i> be .ilKred sigiiifi 
cantl} ba aahat aae belieae to he lot to lot a in i 
turns til the surfactant 

Figures 4 and 5 shoaa tint the rate tif f iding o 
FD&C Blue No 2 in the absence .iiid presence o 
Pluroiiic F 08 also folloaas pseudo first order kiiieties 
In tli’5; sastem, no uidiiction period aa.is obtained 
alth'iiigh Kuramoto, el til , h lae prea loiisla reporter 
Its presence (0) 'I ible I\ siiimii irires the r.iti 
elala iiitl Arrhenius plots for these sa stems in 
jiresented iii I ig (> 

It is .ijipireiit th it in this pirtictilir studa 
Pltiroiuc F liS prorliices a negligible effect on tin 
colerr St ibihtj of the blue dae In replicite stinlies 



RATE 


July 1960 


Scientific Edition 


471 



Fig. 2. — Arrlienius plot for first fading reaction in 
FD&C Red No. l-Brij 35 system 



Fig. 3. — Arrhenius plot for second fading reaction in 
FD&C Red No. l-Brij 35 system. 



Fig. 4. — First order plots for color fading of FD&C 
Blue No. 2. 



Fig 5 — First order plots for color fading in FD&C 
Blue No 2-Pluronic F-G8 system. 


wc again noted that different kinetics may be 
obtained For e.\ample, in one study the presence 
of Pluronic F-68 caused 227% increase in the rate of 
dye fading at 21 1° and an increase of 271% at 
•IS 8° These observations may be associated with 
the fact that different lots of surfactant showed 
different peroxide values and variable pH beliavior 
when aged in aqueous solution. Kuramoto, et a}., 
have reported similar observations for the effects of 
s<irbitol on FD&C Blue No. 2. They attributed 
these effects to the variable concentration of 
catalyst present in different lots of sorbitol. 

Further e.xperiments with the blue and red system 
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In all cases reported in Table I, a significant drop 
in sample pH from the initial values between G.5- 
7.0 was obtained after aging. The final pH fell in 
the range of pH 3.5 to 5.0, although there was 
considerable variation between eaeh surfactant 
S 5 'stem. Similar observations were obtained for 
the surfactant solutions containing no dye. In 
the case of the ester-type surfactants (Tween 20 
and Myrj 52) this pH drop is believed to be the 
result of hydrolysis. This may, in turn, e.xplain the 
appearance of turbidity in several of the Tween 20 
samples. For the ether surfactants, the pH drop 
on aging is more difficult to e.xplain. No indica- 
tions of microbiological contamination were found 
in any of the fourteen-day samples. 

In order to eliminate the possibility that dye 
fading was associated with the increase in acidity in 
aged samples, all dye-surfactant combinations were 
reprepared in buffer solution. The results of this 
study are shown in Table II. It is apparent that, 
while the pH has remained constant over the 
storage interval, aeeelerated fading still occurs. 
We have deliberately avoided making a comparison 
of the fading effects in the buffered and unbuffered 
solutions because different lots of surfactants were 
used for each study. 

The e.Nact interactions between dye and surfactant 
which lead to accelerated fading arc not known. It 
would appear from the results in Tables I and II 
that some characteristic common to all of the 
surfactants is involved in the fading mechanism. 
Since all of the surfactants studied are ethylene 
oxide addition products, it seemed worthwhile 
to examine the effects of other ethylene oxide 
condensates on dye stability. Limited experi- 
ments using polyethylene glycol 200, polyethylene 
glycol 000, and poh’ethylene glycol 6000, showed 
that these materials also cause accelerated fading of 
the certified dyes. The reaction of dyes with 
surfactants may result therefore because of the 
presence of the ethylene oxide moiety in the surfact- 
ants. While we do not postulate a complexing 
phenomenon at this time, Waibel (8) has reported 
that (ethoxylated) nonionic surfactants exist in 
solution as polyoxonium compounds which actually 
are not nonionic, but weakly cationic. He states 
that these positively charged ions are capable of 
reacting with anionic coloring agents. 

Figure 1 shows that the rate of fading of FD&C 
Red No. 1 in the presence of Brij 35 proceeds by two 
pseudo first order reactions.^ The first reaction, 
which is comparatively slow, was observed at all 
temperatures. This was followed at temperatures 
above 48.8“ b 3 ' a more rapid second reaction. Table 
HI presents the rate constants at the five tempera- 
tures studied. 

It is important to note further that FD&C Red 
No. 1 in the absence of Brij 35 did not fade at anj' 
of the temperatures investigated. The accelerating 
effects of the surfactant, therefore, are clear^' 
evident. 

The Arrhenius plots for the Red-Brij system are 
shown in Figs. 2 and 3. These plots suggest that 
two mechanisms are involved in the fading re- 
action. At temperatures below 37.5° we find the 
first reaction which is characterized by an energy of 


7 At the lower temperatures, observations were extended 
considerably beyond that shown in Fig. 1. 





Fig. 1. — First order plots for color fading in FD&C 
Red No. l-Brij 35 system. 


Table III. — Rate Constants for the Fading of 
Color in FD&C Red No. 1-Brij 35 Mixtures at 
\’arious Temperatures 


Composi- 

Tempera- 
ture, ®C., 

Rate Constants 

tiono 

iO.j'’ C. 

(Reciprocal Hours) 

FD&C Red 

21.1 

<1.0 X 10-“ 

No. 1 

37.5 

<1.0 X 10-“ 

(0.001%) 

48.8 

<1.0 X 10-“ 


60.0 

<1.0 X 10-“ 


71.1 

<1.0 X 10-“ 

FD&C Red 

21.0 

I'irst Reaction Second Rtactiuo 

1.64 X 10^< 

No. 1 

37.5 

1.25 X 10-“ 

(0.001%) 

48.8 

5.94X10-“ 1.53X10-“ 

plus Brij 

60.0 

1.51X10-= 1.85X10-' 

35(1.0%) 

71.1 

3.89 X 10-= 8.09 X 10-' 


“ Diluent: Sorensen’s M/15 phosphate bufler, pH 6.9S. 


activation of 21.9 Kcal./mole and a probability 
factor of 3.8 X 10 At higher temperatures the 
second reaction occurs which has an energj' of 
activation of 47.0 Kcal./mole and a probability 
factor of 1 X 10“. These values are viewed with 
some reservation because replicate experiments 
showed that the kinetics maj’ be altered signifi- 
cantlj’ bj’ what we believe to be lot to lot varia- 
tions in the surfactant. 

Figures 4 and 5 show that the rate of fading of 
FD&C Blue No. 2 in the absence and presence oTv 
Pluronic F-68 also follows pseudo first order kinetics. 
In this sj’stem, no induction period was obtained, 
although Kuramoto, et al., have previouslj’ reported' 
its presence (6). Table IV summarizes the rate 
data and Arrhenius plots for these sj’stems are 
presented in Fig. 6. 

It is apparent that in this particular studj' 
Pluronic F-G8 produces a negligible effect on the 
color stabilitj' of the blue dye. In replicate studies, 
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l/T X 10"’ 


Fig. 2. — Arrhenius plot for first fading reaction in 
FD&C Red No. l-Brij 35 system. 




Fig. 4. — First order plots for color fading of FD&C 
Blue No. 2. 



DAYS 


Fig. 5. — First order plots for color fading in FD&C 
Blue No. 2-Pluronic F-68 system. 


rvc again noted that different kinetics may be 
obtained. For c.xample, in one study the presence 
of Pluronic F-6S caused 227% increase in the rate of 
dye fading at 21.1° and an increase of 271% at 
4S.8°. These observations may be associated with 
the fact that different lots of surfactant showed 
different peroxide values and variable pH behavior 
when aged in aqueous solution. Kuramoto, et a!., 
have reported similar observations for the effects of 
sorbitol on FD&C Blue No. 2. They attributed 
these effects to the variable concentration of 
catalyst present in different lots of sorbitol. 

Further experiments with the blue and red system 
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Table IV. — Rate Constants for the Fading of Color in FD&C Blue No. 2-Pluronic F-68 Mixtures 

AT Various Temperatures 



Temperature ® C 

Rate Constants 

Energy of 

Probability 

Compositioii“ 

±0 5® C 

(Reciprocal Hours) 

Activation 

Factor 

FD&C Blue No. 2 (0 001%) 

21.1 

1 59 X lO-' 

22 4 Kcal /Mole 

6.3 X 10” 


37 5 

7 99 X 10-^ 




48 8 

3 52 X 10-’ 




GO 0 





71.1 

4 18 X 10-2 



FD&C Blue No 2 (0 001%) 

21 1 

8 57 X 10-' 

22 7 Kcal /Mole 

6 3 X 10” 

plus Pluronic F-G8 (1 0%) 

37 5 

4 77 X 10-< 



48 8 

1 95 X 10-2 




60 0 

0 G1 X 10-’ 




71 1 

2 09 X 10-2 




a Diluent Sorensen s M/15 pliosplntc bulTcr pH698 



Fig 0 — Arrhenius plots for fading reaction in. 
(1) FD&C Blue No 2-Pluronic F-G8 system, (2) 
FD&C Blue No 2 solution 


predictable \\''e believe further that variations 
in thc lot to lot properties of surfactants may be 
an important factor in the color fading reactions 
Millie we have not attempted to postulate a 
mechanism for the fading reactions, our results 
suggest that interactions between the ethylene 
oxide moiety of the surfactant and the chromo- 
phone groups of the certified dyes may be in- 
volved This conclusion is confirmed in part by 
the fact that various polyethylene glycols also 
showed accelerating effects on the color fading 
of the certified dyes We do not discount the 
possibility that trace contaminants which may 
appear in the surfactants and polyols as a result 
of thc ethoxylation techniques are involved also 
In general, the degree of fading caused by 
nonionic surfactants in colored, multicomponent, 
pharmaceuticals and cosmetics will be less than 
that observed in the simple aqueous solutions 
studied in the present report Our results do 
show, however, that interactions between sur- 
factants and dyes should be carefully considered 
when color stability problems arise in products 
containing these materials 


showed that the rate of color fading was not affected 
by preheating the surfactants before addition of the 
dye These observations indicate that thc mech- 
anism of fading does not involve (stable) decompo- 
sition products of the surfactant. 

CONCLUSIONS 

The results of this study show that nonionic 
surfactants may have a deleterious effect on tlie 
color stability of certified dyes The intensity of 
this effect has been found to vary from one dye- 
surfactant system to another and is not generally 
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The Relationship Between Physiological Availability 
of Salicylates and Riboflavin and In Vitro 
Disintegration Time of Enteric Coated Tablets* 

By A. B. MORRISON and J. A. CAMPBELL 

Studies were conducted to relate the in vitro disintegration time of enteric coated 
tablets with physiological availability of salicylates and riboflavin, as determined by 
the urinary excretion of these drugs by human subjects. In vitro disintegration times 
were determined by the jtrocedure gi\ea in U. S. P. XV Second Supplement, modi- 
fied .by the use of sixty minutes time in simulated gastric juice. Rates of urinary ex- 
cretion of the drugs were determined after dosing subjects with seven salicylate 
preparations and five riboflavin preparations. Two products were found which dis- 
integrated after less than thirty minutes in simulated gastric juice, while a third 
product was extremely resistant to the simulated digestive juices, and, in fecal re- 
covery studies, was recovered intact from the feces. Studies on rate of urinary ex- 
cretion of the drugs indicated delayed absorption from the enteric coated prepara- 
tions. Salicylate tablets with in vitro disintegration times as long as two hundred 
and thirteen minutes were fully available in vivo, whereas a riboflavin preparation 
with an in vitro disintegration time of one hundred and twenty-eight minutes was 
only 4 1 % available in vivo. It is suggested that enteric coated tablets should with- 
stand the action of simulated gastric juice for at least sixty minutes, to ensure that 
these preparations do not disintegrate in the stomach. Furthermore, until quanti- 
tative in vivo data are available for individual drugs, it is suggested that to ensure 
full availability enteric coated preparations, other than salicylates, should disinte- 
grate within thirty minutes in simulated intestinal juice. 


A LTHOUGH ENTERIC COATINGS have been used 
^ on tablets for many years, surprisinglj’’ 
little work has been done to evaluate their ef- 
fectiveness. Most reports on enteric coated 
preparations have described the composition of 
various coating mixtures, or have dealt with the 
results of in vitro disintegration tests. Little 
attention has been paid to in vivo availability in 
man. Kanig (1) reported that the in vitro dis- 
integration times of enteric coated tablets taken 
from the same container varied from fifteen min- 
utes to four hours. He concluded that “before 
enteric coatings may take their place among the 
reputable dosage forms, it is highly desirable that 
standardized testing procedures be instituted, in 
order to place the level of investigations in this field 
on a rational, easily duplicated, and thoroughly^ 
reliable basis.” Crisafio, et al. (2), found that 
31 of 64 samples of enteric coated preparations 
failed completely' to resist the action of simulated 
gastric juice. Most of the products tested dis- 
integrated within an hour in simulated intestinal 
juice. Trivedi (3) studied the disintegration of 
enteric coated tablets by use of an in vitro test 
/ similar to that given in U. S. P. XV (4) and ob- 
\ served wide variation in the disintegration time 
^ of tablets from sample to sample, and, in many 
instances, from tablet to tablet in the same 

* Received October 2, 1959, from the Food and Drug 
Laboratories. Department of National Hcaltli and Welfare. 
Ottawa, Ontario, Canada. 

The authors are indebted to the subjects who took part in 
this investigation, and to Mr. C. Perussc for technical as- 
sistance. 


sample. Tablet recovery from stools indicated 
a frequent loss of medication. Trivedi concluded 
that present U. S. P. standards are inadequate 
to rule out many faulty enteric coatings, and 
went so far as to suggest that enteric coatings 
might well be abandoned in favor of more reli- 
able dosage forms. 

Blythe, et al. (5), pointed out recently that in 
vitro tests alone cannot be used to predict the 
clinical effectiveness of enteric coated products. 
They stressed the need for studies on the rela- 
tionship between in vitro data and quantitative 
in vivo results. Blood acety’lsalicydic acid levels 
found with an enteric coated preparation were 
similar to those obtained with equivalent amounts 
of plain acetylsalicy’lic acid, indicating full avail- 
ability' of the medication in vivo. 

Previous studies from this laboratory' (6-9) 
showed that sugar coated tablets which did not 
disintegrate within sixty minutes (thirty minutes 
in simulated gastric fluid and the remainder of 
the time in simulated intestinal fluid) did not 
allow all of their contained drug to be released 
in human subjects, as measured by' urinary' ex- 
cretion of riboflavin and ^-aminosalicy'late. 
The present experiments were conducted to study' 
the relationship between in vitro disintegration 
time of enteric coated tablets and physiological 
availability of salicylates and riboflavin. Data 
were also obtained on variation in e.xcretion 
rate over a period of lime after dosing with the 
various preparations tested. 
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METHODS 

In Vitro Disintegration Tunes — The .ipparatus 
and fluids described in U S P X\ (4) and the 
fluted disks described in U S P X\' Second Sup 
plement (10) uere used to determine disintegration 
time Tlie tablets were immersed m simul itcd gas 
trie fluid for sixtj minutes, and the remainder of 
the time m simulated intestm il fluid Disintegra 
tion tunes reported were me m times of at least 
two separate tests on si\ tablets each, for tablets 
tested in vivo and in vitro, and of at least one test 
on six tablets for preparations tested onlj in vitro 
Physiological Availability — Riboflax in or ap 
parent saliejlate levels uere determined m the 
urine prior to dosing and after administration of 
standard or test preparations Total sahcilate uas 
determined bj a modification of the ferric nitrate 
metliod of Trmdcr (11), and nboflaem iias deter 
mined bj the U S P fluorometric procedure (4) 
Studies were made on the stabihtj of the salicilatc 
m urine held under various conditions The speci 
ficit> of the method used for sahej late determination 
was checked b} comparing the results found with 
those obtained bj the method of Smith, ct at (12). 
which determines free saliejlate, total sahcjlate, 
and sahcjluric acid, separatclj The amounts of 
sahejdate or nboflai m obtained m the urine after 
dosing w ere corrected by subtracting the appropriate 
blank value determined on the urine of the same 
subjects As in previous studies (0-9), phjsio 
logical aiailabihtj was calculated in the following 
manner 

Percentage physiological availability = 

Per cent excretion from preparation 

1 — 1 y 100 

Percentage excretion from standard 

Subjects. — Four to nine normal male subjects, 
ranging in age from 20 to 45 years, wore used m the 
experiments While on test, thej continued to con 
sume their regular diets, but v ere cautioned to eat 
meals similar m nature from daj to daj During the 
riboflavin studies, the subjects refrained from eating 
foods high 111 riboflavin, such as liver 

Salicylate and Riboflavm Standards. — The sub 
jects received doses of 10 gr (048 mg ) or 15 gr (972 
mg ) of acetj Isalicj he acid, or 5 mg of nboflaxin, 
m rapidlj disintegr.atmg standard tablets 

Commercial Preparations Tested — Seven com 
mercial enteric coated sahejdate preparations, and 
five commercial enteric coated products containing 
riboflavin, were tested in vivo In addition, six 
other sahej late preparations, and tw o other ribo 
flavin preparations, were tested in vitro, but not in 
VIVO Sahcjlate preparations A, B, D, and J were 
samples from different lots of one product Ribo 
flavin preparations O and T were samples from 
different lots of the same product, as were prepara 
tions P and R Each subject received from 10 to 
20 gr (648 to 1,296 mg ) of sahcjlate, or 3 mg of 
riboflavm, from the various preparations All 
products were assayed for sahev late or riboflavin 
prior to administration 

Assay Periods — The standards or commercial 
preparations were given at 8 45 a in after break 
fast Urine was collected m opaque bottles after 
two, four. SIX, eight, fourteen, and twentv four 


hours, and at four hour intervals thereafter until 
the rate of excretion approached blank values 
For the riboflavm studies, 2 ml of 3 5 N H2SO4 was 
added to c.ich bottle, to ensure stabihtj of the vita 
min 

Fecal Recovery Studies. — Three subjects were 
each given 10 tablets (6 5 Gm ) of salicj late prepara- 
tion C The feces were collected for up to seventj 
hours after ingestion of the tablets Undissolved 
tablets were separated from the feces bj gentlj 
brushing tlic stool sample through a screen 


RESULTS 

Salicylate Studies. — Studies on the validitj of 
the method used for salicylate determination showed 
that the values found for total sahcjlate bj a 
modification of the method of Trinder (11), were 
111 good agreement with those obtained bj the pro- 
cedure of Smith, ct al (12) The latter method 
utilizes an ethj lene dichloride extraction and deter 
mines free sahcvlatc, total sahcjlate, and sail 
c\ luric acid, separateh Since the modified Tnnder 
method IS easilj carried out on large numbers of 
urine samples, it was used in the present experi 
meiits The st.abihtv of sahcjlate in urine was 
studied bj eollecting urine from a subject dosed 
with 975 mg acetv Isalicv he acid and storing the urine 
overnight at room temperature, or in the refrigera 
tor Aliquots of the sample held at room tempera- 
ture were treated bj lajering with toluene or were 
acidified with 3% of 3 5 N H-SO4 The values 
found for acetj Isalicv he acid (determined as ' 
salicj late) m mg per ml of urine were as follows 
fresh urine. 111, refrigerated urine, 1 04, urine held 
at room temperature, 1 08, acidified urine held at 
room temperature, 1 02, toluene treated unne, 1 03 
Since the results showed sahcjlate m urine to be 
stable at room temperature overnight, it was not 
felt nccessarv' to refrigerate the samples or to 
acidifv them 

Descriptive data on the sahev late preparations 
used are summarized m Table I Of the products 
tested in i ivo, tw o contained sodium salicj late, w hile 
the remainder contained acetj Isalicj he acid The 
in vitro disintegration times of the salicj late products 
varied from twentj seven minutes (product G) to 
ov er four hundred and eightj minutes (product C) 

As IS indicated from the disintegration time, product 
G was unable to withstand the action of gastric 
fluid Product C, on the other hand, was extremelv 
resistant to digestion Some preparations (e g , 
products G and K) showed wide variation m in iitro 
disintegration time of tablets taken from the same 
container, whereas other products (e g, products 
A, B, N) showed little variation from tablet to 
tablet 

The data on urmarj excretion of acetj Isalicv he 
acid (measured as sahcjlate) after ingestion of 650 
mg or 975 mg of the standard dose are summanzed m , 
Table II The mean excretion 111 four trials varied / 
from 74 6 to 89 2%, with an overall mean of 84 4% 

The latter value agrees w ell w itli results on salicj late 
excretion reported m the literature (13) The mean 
percentage excretion in trial 1 (975 mg dose) w as less 
than that m the other three trials (650 mg dose) 

The decrease is not behev ed to be related to dosage 
lev'cl, however, since the results were not consistent 
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Table I. — Description op Enteric Coated Salicylates Studied 


Product 

Medication 

In Viiro 
Disintegration 
Time, min. 

Salicylate per 
Unit, gr. 

Salicylate per 
dose, gr. 

A 

Acetvlsalicjdic acid 

87 ± 5.0<' 

5.0 

15.0 

B 

Acetylsalicylic acid 

86 ± 4.4 

5.0 

15.0 

C 

Acetylsalicylic acid 

480 ± ... 

10.0 

20.0 

D 

Acetjdsalicylic acid 

110 ± 27.1 

6.0 

15.0 

E 

Sodium salicjdate 

213 ± 21.3 

10.0 

10.0 

F 

Sodium salicylate, /j-aminobenzoic 

145 ± 8.9 

5.0 

15.0 

G 

acid, ascorbic acid 

Acetylsalicjdic acid, ascorbic acid 

27 ± 23.1 

10.0 

10.0 

H 

Acetylsalicjdic acid 

75 db 4.0 

5.0 


J 

Acetjdsalicj'lic acid 

111 db 22.7 

5.0 


K 

Acetjdsalicj’lic acid 

76 ± 30.3 

5.0 


L 

Salicylic acid, />-aminobenzoic acid 

100 ± 16.1 

3.75 


M 

Sodium salicylate, ^-aminobenzoic 

100 ± 10.8 

5.0 


N 

acid, ascorbic acid 

Salicylic acid, p-aminobenzoic acid 

117 ± 5.9 

3.75 



o Standard deviation. 


Table II.— Percentage of Standard dose of 
Acetylsalicylic Acid Recovered in Urine 


Subject 

Trial 1 
15'gr. dose 

Trial 2 
10-gr, dose 

Trial 3 
lO-gr. dose 

Trial 4 
lO'gr. dose 

ABM 

84.1 

78.4 

81.6 


JAC 

59,2 



78 1 

CP 

87.8 

96.4 


90.0 

MM 

67.5 

89.6 

93. 4 

92.5 

CR 

70.7 

93.6 

92.2 

88.5 

TKM 

96.2 

100.2 

99.1 

96.2 

KS 

59.3 

87,5 

70.7 


TP 

78.1 

86.9 



DS 

68.3 

60.4 

98.5 

77.4 

Mean 

74.6 

86.5 

89.2 

87.1 


from subject to subject; some subjects (e, g., ABM, 
CP) showed relatively constant percentage excre- 
tion from the standard dose in repeated trials, 
whereas others were more variable. Because of the 
intcrsubject and intertrial variation in percentage 
excretion, the average of all trials was used in calcu- 
lating physiological availability on each subject. 

The average blank excretion of apparent salicy- 
late in the urine without dosing varied from O.IO 
mg. to 0.16 rag. per minute at the various collection 
periods. 

The results of the physiological availability studies 
with the salicylate preparations are summarized in 
Table III. E,vcretion values for products containing 
sodium salicylate were e.xpressed in terms of acetyl- 
salicylic acid. Considerable variation was noted be- 
tween subjects. Despite the wide range in hi vitro 
disintegration times (Table I), ail of the prepara- 
tions except preparation C, were available ph 3 'sio- 
logically. The latter preparation, which had an in 
vitro disintegration time exceeding four hundred and 
eighty minutes, was onlj' 23% available on the 
average. This value is somewhat misleading, since 
y the product was essentially unavailable to four of 
the seven subjects wlio consumed it. Subject KS, 
\ however, showed a good availabilitj' of salicj’Iale in 
f this product (90%), illustrating the great variation 
encountered between subjects. Most of the subjects 
showed apparent availabilities of somewhat over 
100% for the salicj'late in products E, F, and G. 
Such variabilitj' is well known in biological assays. 

Data on mean rate of excretion of salicylate after 
ingestion of tlie seven products were compared with 


Table III, — Physiological Availability of 
Salicylate in Seven Products” 


' — Per Cent SaVicylate AvailaWe in Product — s 


Subject 

A 

B 

c 

D 

E 

F 

G 

ABM 

51 

89 

0 

111 

84 


110 

JAC 

107 

106 


131 

124 

iss 


CP 

85 

80 

26 

94 


94 

iio 

MM 

102 

112 

4 


ii2 


107 

CR 

76 

92 

0 

9i 

112 

99 

136 

TKM 

88 

73 

2 

105 

123 

101 

130 

KS 

95 

108 

90 

57 

119 

104 

123 

DS 

93 

100 

41 

114 

136 

112 

84 

TP 




109 


106 


Mean 87 95 23 

In Vitro disintegration 
time, min. 

101 

m 

107 

iie 


87 

86 

480 -f 

110 

213 

145 

27 


« Products A, B, and D were samples from different lots 
of the same product. 


those for the combined standards in Fig, 1. As sug- 
gested by Swintosky. cl al. (14), a serailog plot was 
used. None of the preparations showed a peak ex- 
cretion rate as high as the standard, although all 
except product C were full}- available ph j-siologicalljL 
The peak of salicjdate e.xcretion occurred earlier 
with the standard than with any of the preparations 
studied. With the exception of product C, the ex- 
cretion of salicjdate was more sustained with the 
products tested than with the standard. Products 
A and B, which were two samples of the same 
preparation, showed peak net excretion rates of 
0.57 and 0.48 mg./min. respectivelj’. 

Product C, which showed low availability, also 
showed low and nonsustained urinarj- excretion. 
The curve shown is actuallj’ somewhat misleading, 
since it represents average values, and the salicjdate 
in the preparation was essentially una\mi!abie to 
four of seven subjects. Prior to eight hours after 
ingestion of product C, there was no detectable net 
urinary excretion of salicjdate. The rate of e.xcre- 
tion found with product D declined at approxi- 
mately the same rate as the standard, but the peak of 
excretion occurred later. Product E, which dis- 
integrated slowly in vitro (two hundred and thir- 
teen minutes), showed a peak excretion rate later 
than did the other products studied. The rate of 
e.\-cretioii found with this product declined much 
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Fig. 1. — Urinary excretion curves of salic54ate in 
seven tablets 0-0-0-, compared witli curve for a 
salicylate standard tablet • — •. 


more slowly than did that witli the standard. 
Products F and G both showed peak e.xcrction rates 
of approximately 1 mg./min. Although product G 
disintegrated in vitro after only twenty-six minutes 
in gastric juice, its peak excretion rate did not occur 
earlier than those of the other preparations. 

The fecal recovery studies with salicylate product 
C showed that all three individuals who consumed 
10 tablets of this preparation recovered tlie tablets 
in the feces. These results agree with those obtained 
by urinary excretion measurements, which also 
showed poor availability of this product. Tablets 
were recovered in as little as twelve hours after inges- 
tion in one individual, and as late as seventy hours 
after ingestion in a second subject. A few of the re- 
covered tablets showed cracks in the enteric coat, 
but all were intact, with only tlie sugar coat re- 
moved, In a few of the tablets which had passed 
through the gastrointestinal tract, the enteric coat 
was removed by hand. The core of the tablets was 
still extremely hard, and even in the absence of the 
enteric coat, would be expected to resist disintegra- 
tion for some time. 

Riboflavin Studies. — Descriptive data on the 
riboflavin-containing preparations studied are sum- 
marized in Table IV. hi vitro disintegration times 
varied from twentj'-four minutes (product V) to 
two hundred and fort 3 '-one .minutes (product P). 
As with the salicidate products some of the ribo- 
flavin preparations (e. g. products P, T) showed wide 
variation in in vitro disintegration time of tablets 
from the same container, whereas otherproductswere 
less variable. In all cases, the dose of riboflavin 
administered was 3.0 mg. Although it perhaps 
might have been desirable to increase the dose to the 
level of the standard, 5 mg., it was not convenient 
to do so, since most of the preparations contained 
high levels of iron. Product V, which disintegrated 
in gastric juice, could not be termed enteric coated. 

Data on the percentage excretion of the standard 
dose of riboflavin were presented previously (9), and 


those for blank excretion values were published else- 
where (15). Briefly, the mean excretion, in 5 trials, 
varied from 57 to G0%, with an overall mean of 
58%. 

The results of the physiological availabilitj' stud- 
ies with the riboflavin preparations are summarized 
in Table V. In contrast to the results obtained with 
the salicylate preparations (Table III), only two 
of the riboflavin products had availability approach- 
ing 100%. Product O, which had an in vitro dis- 
integration time of one hundred and four minutes, 
was 81% available in vivo. Preparation S, which 
disintegrated in eighty minutes in vitro, showed an 
average in vivo availability of onlj- 75% in two 
trials. Products P, R, and T, which had disintegra- 
tion times of two hundred and fortj’-one, one hun- 
dred and twentj'-eight, and two hundred and fortj'- 
seven minutes were only 29, 41, and 40% available, 
respectively. The high variation noted between sub- 
jects with all products is tj-pical of preparations on 
the borderline of in vivo availabilitj- (6, 9). 

Data on rate of c.xcretion of riboflavin after inges- 
tion of the five products were compared with those 
for the standard in Fig. 2, using a semilog plot. 
Since only 3 mg. of each of the riboflavin prepara- 
tions were ingested, the rate values calculated were 
multiplied bj- 1.C7 to make them comparable to the 
5 mg. standard. The peak urinarj- e.xcretion rate 
was dircctlj- related to phj-siological availability, 
and occurred earlier with the standard than with 
the products tested. Products O and S, which 
showed the highest phj-siological availabilitj-, also 
showed the highest peak excretion rates. Products 
P, R, and T, which jvere poorly available in vivo, ■■ 
showed peak excretion rates only 17 to 29% that 
of the standard. With the possible e.xception of 
product P, the rate of riboflavin excretion declined 
somewhat more slowlj- jvith the preparations tested 
than with the standard. 

DISCUSSION 

The results of the present studies showed that 
tablets labeled as enteric coated exhibited widely 
differing in vitro disintegration times and phj-sio- 
logical availabilities. Two preparations were found 
w-hich disintegrated in vitro in simulated gastric 
juice. These products do not conform to anj- ac- 
ceptable definition of enteric coated products, despite 
label claims. On the other hand, tablets of salicj-- 
late product C were extremelj- resistant to disinte- 
gration and were recovered intact from the feces. 

It is obvious that this product would not e.xert the 
desired therapeutic efi'ects. These findings would 
indicate that a significant proportion of commer- 
ciallj- available enteric coated salicj-lates and multi- 
vitamin-mineral preparations do not satisfactorilj- 
fulfill the purpose for which thej- were intended. 

It is interesting to note the difference in the in 
vivo-in vitro relationship found with salicj-late and 
that found with riboflavin. Salicj-late preparations 
with in vitro disintegration times as long as two hun- / 
dred and thirteen minutes were fullj- available in ' 
vivo, whereas a riboflavin preparation with an in 
vitro disintegration time of one hundred and twentj'- 
eight minutes was onlj- 41% available in vivo. This 
difference maj- be due, in part, to the fact that 
salicj-lates are readilj- absorbed well down in the 
intestinal tract (13), whereas there is evidence that 
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Table — Description of Enteric Coated Vitamin Preparations Studied 


Product 

Medication 

/n Vtiro 
Disintegration 
Time, min 

Riboflavin per 
Unit, mg 

Riboflavin per 
Dose, mg 

0 

Multivitamins and minerals 

104 ±9 7” 

1 0 

3 0 

p 

Honiatropine, caffeine, vitamins, and 

241 ± 58 6 

1 0 

3 0 

R 

ammonium chloride 

Hoinatropine, caffeine, vitamins, and 

128 ± 7 3 

1 0 

3 0 

s 

ammonium chloride 

Multivitamins and minerals 

SO ± 6 4 

1 0 

3 0 

T 

Multivitamins and minerals 

247 ± 35 6 

1 0 

3 0 

U 

Multivitamins and minerals 

114 ± 8 5 

2 5 


V 

Multivitamins and minerals 

24 ± 3 3 

1 0 



« Standard deviatjon 


Table — Physiological Availability of 
Riboflavin in Five Products” 



Per Cent Riboflavin Available in 

Product 

Subject 

O 

P 

R 

s* 

T 

ABM 

97 

0 

23 

33 

20 

JAC 

113 

44 

29 

80 

24 

CP 


30 




MM 

85 


69 



TKM 

73 


12 

109 

72 

KS 

36 

37 

66 

78 

45 

DS 


33 

45 



Mean 

81 

29 

41 

75 

40 

In Vitro disintegration 




time, 

mm. 





104 

241 

128 

80 

247 


“ Products O and T were samples from different lots of the 
same product, as were products P and R 
b Mean of two trials. 


riboflavin is destroyed in the lower portion of the 
intestine (16). 

The variation between subjects in percentage 
physiological availability of the preparations tested 
was probably a reflection, in part, of the well-known 
variation in clinical response of patients to doses of 
drugs. It was probably influenced also by the 
variation in disintegration time of tablets taken 
from the same container. For some products, the 
variation in iu vitro disintegration time between tab- 
lets was very large, indicating the need for improved 
production control procedures It is of interest to 
note that the subjects used by Blythe, ct al (5), 
showed considerable variation in blood salicylate 
levels, probably, in part, due to the factors men- 
tioned above. 

On the question of time limits for tn vitro dis- 
integration of enteric coated tablets, it is obvious 
that all products should withstand the action a! simu- 
lated gastric juice for at least sixty minutes. In 
fact, Blythe, et al. (5), recommended that enteric 
:oated tablets should resist attack by simulated 
gastric fluid for at least four hours 

Although it is difficult, from the data available, 
to propose exact time limits for the disintegration of 
enteric coated salicylate preparations in simulated 
intestinal juice, there seems to be no reason why such 
products should not disintegrate within about four 
hours. On the other hand, it appears that enteric 
coated riboflavin preparations must disintegrate 
within about thirty minutes in simulated intestinal 
juice, to show full physiological availability Thus, 
when tested ih vitro by the procedure used in the 



Fig 2 — ^Urinary e.xcretion curves for riboflavin in 
five tablets O-O-O-O, compared with curve for a ribo- 
flavin standard tablet • — •. 


present studies, enteric coated vitamin preparations 
containing riboflavin should disintegrate within 
ninety minutes (sixty minutes in simulated gastric 
juice and thirty minutes in simulated intestinal 
juice) This time limit would correlate well with 
earlier work on riboflavin (6, 8, 9), in which it was 
found that, to be fully available, sugar coated tablets 
must disintegrate within si.vty minutes (thirty 
minutes in simulated gastric juice and the remainder 
of the time in simulated intestinal juice). 

Further information is required on the relation- 
ship between in vivo availability and in vitro disinte- 
gration time for other enteric coated preparations. 
Until such information is available, however, it 
would seem advisable to suggest that enteric coated 
preparations (other than salicylates) should dis- 
integrate in simulated intestinal juice within the 
time limit suggested for riboflavin, i, e. thirty 
minutes. This proposal may need to be modified as 
quantitative in vivo information becomes available 
for specific drugs. 
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Emulsification With Ultrasonic Waves I* 

Evaluation of the Minisonic and a Modified Analysis Procedure 

By ROBERT E. SINGISERf and HAROLD M. BEAL 


A modified photomicrography procedure has been developed to speed the size- 
frequency method of analyzing emulsions. This method employs a film strip and 
rule simultaneously projected. Classification of 1,000 oil globules into the proper 
size intervals can be done in about one-half of the time formerly required. The 
Minisonic homogenizer was investigated for {a) the effect of long insonation 
periods on emulsions and (jb) various methods of manufacturing the emulsion. No 
coagulation of emulsions occurred when exposed to ultrasonic waves for thirty 

minutes. 


"D ECENTLY ultrasonic equipment operating on 
the “liquid whistle” principle has been made 
commercially available. This type of apparatus, 
for the first time, makes practical ultrasonic 
emulsification in production quantities. The 
laboratory size model of this apparatus, the 
Minisonic,^ was evaluated in this investigation. 
The effect of prolonged exposure of emulsions to 
high frequency sound and the optimum method 
of producing the emulsion were studied. 

Unless simple gross observations are to be relied 
upon, a size-frequency analysis is necessary to 
evaluate the emulsion. From the analysis data, 
numerous parameters may be calculated. A 
simpler, faster method for a size-frequency analy- 
sis of emulsions has been perfected. 

* Received August 21, 1959, from Abbott Laboratories, 
Scientific Division, North Chicago, III. 

This paper is based on a dissertation submitted by Robert 
E. Singiser to the Graduate School of the University of 
Connecticut in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy. 

Presented to the Scientific Section, A. Pii. A., Cincinnati 
meeting, August 1959. , 

t Fellow, American Foundation for Pharmaceutical Educa- 

> Sonic Engineering Corp., 14C Selleck St., Stamford, 
Conn. 


ANALYSIS TECHNIQUES 

111 a size-frequency analysis at least 1,000 internal 
phase globules are usually measured. This has 
varied from 50 to 50.000, with most investigators 
using tlie 1,000-4,000 range. Statistically, the 
reliability of the results varies with the square root 
of the number of counts made Harkins and Bee- 
man (1) carried out the first size-frequency analysis 
on emulsions in 1929. A microscopic mounting of 
the emulsion was projected onto a screen; then the 
individual globule images were traced and meas- 
ured. Others have determined globule diameters 
from photomicrographs (2) or by projecting the 
microscopic field onto drawing paper with a camera 
iucida attachment; then tracing the globule out- 
lines (3, 4). These procedures were reported to 
require a minimum of one to one and one-half hours 
to measure 1,000 globules. Often an assistant is 
required. With the exception of the photomicro- 
graphic procedure no permanent record was ob- 
tained. j 

The method of analysis used in this study was 
quicker and easier than those previously reported. 

A permanent record was also obtained. 

Equipment. — -A Helber counting chamber and 
standard hemocj'tometer cells were used to mount 
emulsions for microscopic examination. In all of 
the cells the central portion is ruled into squares 
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0.0025 mm." in area (50 X 50 iu), A Bausch and 
Lomb microscope liaving a self-contained liglitiiig 
source was employed, utilizing tlie 43 X higli power 
lens. The light intensity could be controlled with 
^ a diaphragm and/or a transformer. 

A Leitz Micro-Ibso attachment with a 35-mm. 
Leica camera was placed on the microscope. This 
setup permits quick and accurate photomicrog- 
raphy. It is possible to prepare, mount, and 
photograph a large number of emulsions per day 
and to analyze the emulsions at a more convenient 
time. 

The emulsions were diluted sufficiently for easy 
counting, generally from 1:100 to 1:450. The 
diluted emulsion was allowed to stand for thirty to 
forty-five minutes so that the dispersed globules 
would rise to a single plane. Photographs of three 
to four fields on the ruled cell were taken. 

After the film was developed, it was projected 
directly on a screen via a strip film projector. At 
the same time, a horizontal rule was projected. The 
rule vi'as composed of vertical lines, the distance 
between each representing 5 /j when projected. 
The rule was permanently mounted in the pro- 
jector. This arrangement allowed the rule and film 
frame to be in focus simultaneously. The usual 
magnification was approximatelj’- 5,000 diameters. 
The horizontal rule was standardized against a 
photograph of the Helber cell where the width of 
the squares is known to be 50 m- 
Measuring Technique. — In the analysis of the 
globules, the e.\act diameters were not recorded. 
Class limits of 1 ft were selected, and the oil globule 
-‘diameters were recorded as frequency of occurrence 
within the class limits. It was found that despite 
the final magnification of 5,000 X the optics of the 
microscope-camera device precluded differentiating 
between globules less than 1 p and those of 1-2 p. 
Therefore, the first tivo class intervals had to be 
combined into one 0-2 p class interval. Anjf 
globules greater than 10 p in diameter were included 
in the 10-11 p class and arbitrarily assigned an 
average diameter of 10.5 p. 

The film strip W'as passed down over. the rule, 
and eaeh globule was measured as it fell on the rule. 
Measurements were made on only a small vertical 
strip of the film at each pass over the rule. The 
measurements were recorded on an eight key blood 
cell calculator. Each key represented a class inter- 
val (c. g., 0-2, 2-3, 3-4 p, etc.). As a globule was 
measured, it was recorded by depressing the 
properly designated key. Each key totaled indi- 
vidually. It was not necessary to look away from 
the screen to record the measurement ; appreciably 
speeding up the analysis. As ten class intervals 
were used it was necessary to record by hand two 
of the less frequently used interv-als. Measurements 
of 1,000 or more globules could easily be made in 
twenty-five to forty-five minutes, depending on the 
.'dispersion within the sample. This effected a con- 
■ ■( siderable saving in time. 

\ Reproducibility. — The reproducibility of the 
method of analysis was checked by making three 
complete measurements on two different emulsions. 
One emulsion was very uniform in dispersion, the 
second emulsion quite coarse with globules dis- 
tributed throughout the counting range. The 
results of the triplicate measurements are given in 
Table I. The mean globule diameter (dor), stand- 


ard deviation (s), and specific interfacial area (S) 
were calculated. 

Minisonic Homogenizer 

The Minisonic apparatus is a hydrodynamic 
device which operates on the Pohlraann "liquid 
whistle” principle. It has the advantages over 
other ultrasonic generators of: (a) having a con- 
tinuous flow, (5) operating directly in the liquid w’ith 
little energy loss, and (c) using the relatively low 
frequency of 22 kc. Alexander (6) believes oxida- 
tion and depolyraerization reactions are held to a 
minimum at low frequencies. 

The Minisonic has a single or double funnel 
arrangement which holds the emulsion components 
and acts as a reservoir for the gear pump. Heat 
of 00-70° is generated in the liquid if it is recycled 
for long periods. To avoid this cavitationa! heat- 
ing, a water-cooled jacket was constructed around 
the outer funnel. This arrangement permitted 
recycling for thirtjf minutes while maintaining the 
temperature at 35°. 

Methods of Manufacture Studied 

The manufacturer of the Minisonic suggests that 
emulsions be prepared using a two-funnel method 
where the continuous phase is placed in the outer 
funnel and recycled while the disperse phase is fed 
into it from the inner funnel. Oil-soluble and 
water-soluble additives are to be added in their 
respective phases. 

The manufacturer’s suggested method for making 
emulsions ivas compared with the method of Atlas 
PoH’der Co. (6) where both hydrophilic and lipo- 
philic agents are added to the oil phase. Otherwise 
the two-funnel procedure was used. 

A third method of preparation was also evaluated. 
This consisted of preparing coarse stock emulsions 
or premixes by hand shaking in a gallon bottle. 
Aliquots were then withdrawn and run in the 
Minisonic with the inner funnel removed. 

Emulsions Evaluated. — Oil-in-ivater emulsions of 
25% mineral, peanut, and safflower oils, each using 
a Span 80^/Tween 40* emulsifier system, were pre- 
pared by each of the three methods of manufacture. 
The total Span-Tween concentration was 4%, the 
relative amounts of each used was calculated from 
their respective HLB values of 4.3 and 15.6 for 
o/w emulsions of mineral oil (HLB 12), peanut oil 
(HLB 8), and safflower oil (HLB 11.5). 

Similar emulsions of each oil were made with a 
Span 80/Pluronic F-68* emulsifier system of 4% 
total concentration. The relative amounts used 
were based on respective HLB values of 4.3 and 
16.* The Atlas method of manufacture could not 
be evaluated in this instance since the Plutonic 
F-6S was not dispersible in the oil phase. 

Evaluation. — ^The emulsions were insonated in 
the Minisonic homogenizer for fifteen minutes. Fol- 
lowing this a size-frequency analysis was done as 
described. From these data the mean globule 
diameter (dar), its standard deviation (r), and the 
specific interfacial area (S) were calculated. The 
results are shown in Table II. 

= Product of Atlas Powder Co., Wilmington, Del. 

» Product of Wyandotte Chemical Co., Midland, Mich 

• HI.B values experimentally determined for safflower oil 
and Pluronic F-GS, other v.alucs from the literature. 
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— Pemul Oil/Ac ici 

1 I mulsion — - 

S ifilov'cr Oil/PItironic Sp in 

1 mulsion s 

1 rial 

1 

o 


3 

1 

2 

3 

iV» 

1,168 

1 203 


1 105 

1,081 

1,098 

1,213 

fj ^ 

1 71 /i 

1 63 


1 85 

3 09 

3 15 

3 20 


0 86 

0 82 


0 80 

2 43 

2 43 

2 48 

S‘‘ 

2 39 X 

10'' 2 49 X 

10' 

2 35 X 10' 

0 90 X 10' 

0 91 X 10' 

0 90 X 10' 


« N Total number of counts ^ dot anthmetjc mean rIoIjuIc diameter « J standard deviation s — ■< n(Z/x^) — (2/x)* 
S specific interfacial area cm ^/ml V «(« — 1) 


Table II — Efeect of the \ arious Methods oe Incorporating Emulsion Components in the Mini 

sonic 




O S/Inner 

O S T/lnner 




Premix 

I unnelo 

E tinnel ^ 

Premix 


Diameter 

Single 

W T/Outcr 

Water/Outcr 

Single 

W P/Outer 


Funnel 

Funnel 

Funnel 

Funnel 

FunneW 





— Mineral Oil Pluromc F 68/-^ 


, — Mineral Oil Tween 40/Span 80 Emulsion — . 

Span 

80 Emulsion 

1 0 

70 75' 

84 53 

78 04 

69 57 

52 66 

2 5 

21 28 

9 70 

12 39 

22 06 

21 60 

3 5 

5 01 

4 42 

0 05 

7 79 

14 65 

4 5 

1 07 

0 48 

0 00 

0 58 

3 47 

5 5 

0 36 

0 10 

0 47 


2 54 

6 5 

0 36 

0 19 

0 85 


2 16 

7 5 

0 45 

0 48 



1 41 

8 5 

0 09 

0 10 

0 47 


0 85 

9 5 



0 09 


0 38 

10 5 

0 09 


0 38 


0 28 


100 00 

100 00 

100 00 

100 00 

100 00 


1,118 

1,041 

1,057 

1,206 

1,065 

S" 

1 74 X 10" 

1 91 X 10' 

1 56 X 10' 

2 35 X 10' 

1 18 X 10' 


1 57^ 

1 33 

1 51 

1 55 

2 26 

S' 

1 OS’- 

0 88 

1 23 

0 87 

1 73 





• — Peanut Oil Pluromc F 68/—' 


/ — Peanut Oil Tween 40/Span 80 Emulsion— % 

Span 

80 Emulsion 

1 0 

76 08 

71 13 

73 33 

84 43 

84 47 

2 5 

21 45 

13 06 

14 30 

11 19 

8 94 

3 5 

2 12 

9 79 

9 20 

3 73 

4 97 

4 5 

0 35 

2 84 

2 09 

0 47 

0 99 

5 5 


0 86 

0 67 

0 09 

0 45 

6 5 


1 37 

0 25 

0 09 

0 09 

7 5 


0 26 

0 08 


0 09 

8 5 


0 34 

0 08 



9 5 


0 20 

• 



10 5 


0 09 





100 00 

100 00 

100 00 

100 00 

100 00 

m 

1,417 

1,104 

1,196 

1,072 

1,107 

S” 

2 73 X 10' 

1 38 X 10' 

1 87 X 10' 

2 58 X 10' 

2 20 X 10' 

da>’‘ 

1 39 

1 73 

1 57 

1 29 

1 32 


0 71 

1 37 

1 06 

0 68 

0 83 





■ — Safflower Oil Pluromc F 68/ — ■ 


, — Safflow er 

Oil Tween 40/Span 80 Emulsion— ^ 

Span 80 Emulsion 

1 0 

82 95 

04 36 

69 16 

64 34 

71 78 

2 5 

13 10 

19 45 

19 53 

26 99 

16 57 

3 5 

3 21 

12 57 

9 35 

7 67 

8 43 

4 5 

0 74 

2 51 

1 59 

0 65 

1 99 

5 5 


0 81 

0 28 

0 14 

0 76 

6 5 


0 30 

0 09 

0 07 

0 47 

7 5 




0 07 


8 5 






9 5 






10 5 




0 07 



100 00 

100 00 

100 00 

100 00 

100 00 { 

N> 

1,214 

1,352 

1,070 

1,382 

1,056 

S” 

2 66 X 10' 

1 90 X 10' 

2 12 X 10' 

2 09 X 10' 

1 92 X 10' 


1 33 

1 75 

1 60 

1 64 

1 59 

S' 

0 66 

1 11 

0 97 

0 95 

1 05 


a Oil and Span in inner funnel ^ Water and Tween in outer funnel « Oil Span and Tween in inner funnel ^ Water 
and Pluromc in outer funnel « Frequency expressed as per cent of V / N' Total counts o S, Specific interfacial area 
fi daf Arithmetic mean globule diameter U Standard deviation j cm "/ml ^ Microns 
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Effect of Eicposure Time. — The effect of varying 
the insonation period of tlic emulsion in the Mini- 
sonic was studied. Prolonged exposure at certain 
frequencies will cause coarsening of the emulsion. 
Campbell and Long (7) and Alexander (5) reported 
this coagulation effect which results from collisions 
of dispersed particles. Higher frequencies increase 
the rate and energy of these collisions. The low 
operating frequenej' of the Minisonic (22 Icc ) would 
not be expected to produce coarsening of the emul- 
sion on prolonged exposure. 

Emulsions Analyzed. — Five 25% o/w emulsions 
were prepared by the premix method and were 
irradiated in the Minisonic homogenizer for two 
and one-half, five, ten, fifteen, twenty, twenty-five, 
and thirty minutes at a constant temperature of 35°. 
The emulsions were photographed and analyzed as 
described. The emulsions used were: (a) mineral 
oil with 4% Tween 40/Span 80, (6) peanut oil with 
6.25% acacia, (c) peanut oil with 4% Tween 40/ 
Span SO, (d) peanut oil with 4% Pluronic F-68/Span 
80, and (e) peanut oil with 1% sodium lauryl sul- 
fate. Figure 1 shows the effect of the various 
exposure periods on the five emulsions. 



Fig. 1, — Effect on mean globule diameter of ex- 
posure to ultrasonic waves for various time inter- 
vals, Emulsions exposed: O, mineral oil-Tween 
40/Span 80; □, peanut oil-acacia; A, peanut oil- 
Pluronic F-68/Span 80 ; v, peanut oil-sodium laurj'l 
sulfate; x. peanut oil-Tween 40/Span 80. 

RESULTS 

Table I shows that the method of size-frequency 
analysis used in this study gives a good degree of 
reproducibility or accuracy. Any error introduced 
by the analysis procedure is probably very small. 


From Table II it can be seen that there ivas no 
appreciable difference in the three methods of form- 
ing the emulsions. The single-funnel preraix 
method was at least equivalent to the two-funnel 
methods. 

Figure I reveals that long insonation periods had 
no undesirable effects on the emulsions investigated. 
The low frequency of the Minisonic produced no 
coagulation in the emulsions. Three of the five 
emulsions showed decreasing mean globule diam- 
eters with increased exposure time. 

Audouin and Levavasseur (8) reported that at 
25 kc. o/w emulsions inverted to w/o emulsions 
if the exposure time exceeded fifteen minutes. If 
phase inversion is a characteristic of the low fre- 
quencies the emulsions of the Minisonic should have 
shown this phenomenon. The emulsions exposed 
for thirtj^ minutes were checked by dilution and dye 
methods and were found to be universally oil-in- 
water. 


SUMMARY 

A simplified method of emulsion analysis has 
been perfected. This method has the advan- 
tages of being rapid, accurate, and of producing a 
permanent record. It is easier than previous 
photomicrographic techniques in that pictures do 
not have to be printed from the negatives. 
Measuring visually rather than mechanically 
with a calibrated rule materially speeds the 
analysis. 

The Minisonic ultrasonic homogenizer was 
found to operate almost equally well regardless of 
the method used in making the emulsion. Pro- 
longed insonation did not cause coagulation of 
the emulsions. In some instances there was a 
continual reduction in mean globule diameter ; 
in other cases a plateau was evident from the very 
beginning of the homogenization. 
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Emulsification With Ultrasonic Waves IV 

Evaluation of Three Ultrasonic Generators and a Colloid Mill 

By ROBERT E. SINGISERf and HAROLD M. BEAL 


Three ultrasonic generators and a colloid mill were evaluated with 25 per cent 
mineral oil, peanut oil, and safflower oil emulsions, each made with four emulsifier 
systems. Emulsions were exposed in each apparatus for periods up to fifteen 
minutes. The best of these emulsions were analyzed after zero, fifteen, thirty, and 
sixty days storage. From the size-frequency analysis data specific interfacial area, 
mean globule diameter, and standard deviation were calculated. The Minisonic 
homogenizer produced emulsions distinctly superior to those made on any other 

apparatus. 


"Cmulsification of vegetable and mineral oils 
with ultrasonic waves has progressed rapidly 
in the past decade and markedly so in the last 
several years. Prior to 1949 no extensive work 
was reported. Since that time significant con- 
tributions to this field have been made. Camp- 
bell and Long (1) and Audouin and Levavasseur 
(2, 3) experimented with emulsification of vege- 
table, mineral, and fish oils. The latter investi- 
gators found the ultrasonic frequency employed 
to be a preponderant factor in the orientation of 
the emulsion that formed. Beal and Skauen (4, 
5) studied some of the factors influencing ultra- 
sonic emulsification, and the effect of ultrasonic 
waves on various emulsifying agents. 

Although many claims have been made for 
ultrasonic apparatus as homogenizers no com- 
parative evaluation has been attempted. This 
study was undertaken to provide a measure of 
comparison between various ultrasonic generators 
and between the ultrasonic homogenizers and a 
conventional homogenizer. As a secondary ob- 
servation the relative efficiency of the various 
emulsifying agents and the ease of emulsification 
of different oils was noted. 

APPARATUS 

Four apparatus were studied; they were assigned 
codes as follows: 

Code 1. — The Eppenbach Colloid mill, model 
QV-6-1, was used to represent conventional emulsi- 
fying equipment vvith which to compare the ultra- 
sonic generators. The rotor-stator clearance was 
adjusted so that flow rate through the recirculation 
pipe was 700-900 ml. /min. The water-cooled 
jacket was utilized throughout. 

Code 2. — General Electric model G-3 piezoelectric- 
type ultrasonic generator with a quartz crystal 
operating at 300 kc. and a plate current of 175 ma. 

* Received August 21, 1959, from Abbott Laboratories, 
Scientific Division, North Chicago, III. 

This paper is based on a dissertation submitted by Robert 
E. Singiser to the Graduate School of the University of Con- 
necticut in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. 

Presented to the Scientific Section, A. Ph. A., Cincinnati 
meeting, August 1959. 

■(• Fellow, American Foundation for Pharmaceutical Educa- 
tion. 


Irradiation of the sample was done in a 2-ounce 
polyethylene bottle positioned to give maximum 
aetivity in the water-eooled chamber. Sample size 
was limited to 20 ml. 

Code 3. — Branson Ultrasonic Corp. Sonogen 
generator, model AP-25-B, driving at 39.1 kc. 
barium titanate tank-type transducer, model T-52. 
This piezoelectric-type generator was tuned to 
operate between 80-100 ma. One hundred-milli- 
liter samples in 8-ounce polyethylene bottles were 
partially immersed in the water-filled tank above the 
transducer, i’ery little activity was produced and 
it was necessary to provide slow speed stirring to 
keep the emulsion components reasonably well dis- 
persed in order that emulsification would occur. 

Code 4. — Minisonic Mark 2 hydrodynamic-type 
ultrasonic generator manufactured by Sonic Engi- 
neering Corp. The single funnel method for using ■ 
tills generator (6) was employed in this study. One- 
liter quantities were recycled in this water-cooled 
apparatus. 

EXPERIMENTAL 

Emulsion Components. — Three oils were selected 
for use in this investigation: heavy' mineral oil 
U. S. P., peanut oil U. S. P., and safflower oil, 
edible (Pacific Vegetable Oil Corp.). 

Four emulsifier sy'stems were used in this study: 

(o) acacia in the same oil-gum ratio as the official 
acacia emulsion; (6) Tween dO'/Span 80'; (r) 

Pluronic F-68VSpan 80; and (d) sodium lauryl 
sulfate. 

Distilled water containing 0.2% of the methyl 
and 0.02% of the propyd esters of ^-lu'droxybenzoic 
acid was used in the external phase of all emulsions. 
The safflower oil contained 0.01% propyl gallate 
and 0.01% citric acid as antioxidants. These anti- 
oxidants in the same concentration were also added 
to the aqueous phase of all safflower oil emulsions. 

Formulas of Emulsions. — Tablel shows the twelve 
basic 25% emulsions used in this study. Each of 
the three oils was prepared with each of the four 
emulsifier sy'stems. The oils and emulsifier systems it 
were coded so that easier identification of each com- > 
bination was possible: M — mineral oil, P — peanut / 
oil, S — safflower oil, A — acacia, B — ^Tween 40/Span > 
80, C— Pluronic F-68/Span 80, and D— sodium 
lauryl sulfate. Where possible the HLB system 
(7) of classifying and selecting emulsion com- 


* Product of Atlas Powder Co., Wilmington, Del. 

* Product of Wyandotte Chemical Co., Midland, Mich. 
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Table I — 25% v/v 0/W Emulsions Studied 






Tw een 



Sodium 

Distilled 





40.0 % 

Span 80, 

Pluronic 

Lauryl 

Water, 6 





(HLB 

% 

F 68.0 % 

Sulfate, 

% 

Code 

Oil 

HLB 

Acacia 

15 6) 

(HLB 4 3) 

(HLB 16) 

% 

q s 

M-A 

Mineral oil 

12 0 

6 25 





100 

M-B 

Mineral oil 



2 72 

1 28 



100 

:m-c 

^Mineral oil 




1 36 

2 64 


100 

M-D 

Mineral oil 






1 00 

100 

P-A 

Peanut oil 

S 0 

6 25 





100 

P-B 

Peanut oil 



1 32 

2 68 



100 

P-C 

Peanut oil 




2 72 

1 28 


100 

P-D 

Peanut oil 






1 00 

100 

S-A 

Safflower oil 

11 5 

6 25 





100' 

S-B 

Safflower oil 



2 52 

1 48 



100' 

S-C 

Safflower oil 




1 52 

2 48 


100' 

S-D 

Safflower oil 






1 00 

100' 


a Total mixed emulsifier concentration 4% t Preser\ed with 0 2% methyl and 0 02% propyl esters of p hydroxybenzoic 
icid r Antioxidants added 0 01% propyl gallate and 0 01% citric acid 


jouents was used in formulating the emulsions 
4LB values for Pluronic F-68 and safflower oii 
itere experimentally determined, the other HLB 
ralues were obtained from the literature (7, 8) 
Table I lists these values 

Premixes of each of the twelve basic emulsions 
itere prepared by shaking in a gallon bottle This 
permitted uniform aliquots to be withdrawn and 
emulsified in the various apparatus. The orienta- 
tion of each of the emulsions was confirmed to be 
o/w by the addition of dyes and by dilution tech- 
niques. 

Evaluation. — Each of the twelve emulsions was 
insonated in each of the four apparatus for two and 
one-half, five, ten, and fifteen minutes Each 
emulsion thus formed was evaluated by the photo- 
micrographic size-frequency method previously de- 
scribed (6) A minimum of 1,000 globules was 
measured for each sample. The best emulsion from 
the four insonation periods was then stored at room 
temperature and analyzed again at fifteen, thirty, 
and sixty days 

A 50% propylene gljxol solution was used as the 
diluting fluid for all emulsions except those made 
with acacia The acacia-stabilized emulsions broke 
when diluted w'ith propylene glycol so a 12 5% 
acacia solution was used. Both fluids effectively 
prevented Brownian movement and have been 
previously reported as satisfactory diluents (4, 9, 
10 ) 

Code. — ^The code identifies the emulsion as to the 
oil used (M-P-S), the emulsifier system (A-B-C-D), 
and the homogenizer (1-2-3-4). A typical code 
reads M-A-4, indicating a mineral oil emulsion (M) 
with acacia (A) as the emulsifier, the emulsion being 
made on the Minisonic (code 4) homogenizer. 

Parameters. — ^The specific interfacial area and the 
arithmetic mean diameter with standard deviation 
W'ere calculated from the analysis data. The 
specific interfacial area (S) was calculated following 
the method of Mullins and Becker (8). While this 
value is often reported alone it is difficult to visualize 
and gives very little indication of the type of dis- 
tribution it represents The inclusion or exclusion 
of one globule in the smaller class intervals has little 
effect on the specific interfacial area while in the 
larger class intervals this one globule changes the 
value considerably. The mean globule diameter 
(dor) is not subject to sucli weighted influence of 


one globule The mean globule diameter with 
standard deviation (s) gives a good indication of the 
type of distribution in a sample The standard 
deviation has been used by Jellinek (11) who de- 
scribed it as the inhomogeneity factor A large 
value indicates much variance in the distribution 
and a small value indicates high uniformity 

Complete data on all of the emulsions analyzed 
cannot be given here The mean globule diameter 
was selected as representative of the results ob- 
tained. These data for the stored emulsions are 
graphed as follows: Figures 1-4 illustrate the 
mineral oil emulsions. Figs S-S the peanut oil 
emulsions, and Figs 9-12 the safflower oil emulsions. 

DISCUSSION 

Due to crystal fracture on the General Electric 
unit some emulsions could not be made on it The 
unit’s small capacity precludes anj’ commercial use 
of this generator as a homogenizer Beal and 
Skauen (4, 5) have done extensive work with this 
unit. 

Where graphs show only a single ‘‘0 daj s” entry 
for certain emulsions, free oil was found at the 
fifteen-da}'' observation. No further analysis was 
made when this gross instability was observed 

Apparatus. — Figures 1-12 indicate that the Mmi- 
sonic homogenizer produces emulsions superior to 
those produced on the other apparatus. Generally, 
the emulsions made on the Minisonic had a smaller 
mean globule diameter (or larger specific interfacial 
area) than any others These emulsions also had 
greater uniformity With the exception of the 
mineral oil emulsions, the Minisonic-made emulsions 
showed very few particles larger than 5 5 p This 
degree of uniformity was not found in any other 
apparatus. The Eppenbach mill, the General Elec- 
tric, and Sonogen generators were approximately 
equh'aient in the degree of dispersion produced. 

Of the apparatus evaluated only the Eppenbach 
mill and the Minisonic generator are adaptable for 
production use. It would be expected that the 
fifteen-minute exposure samples from the Eppen- 
bach mill would be best. The rotor-stator arrange- 
ment simply prox’ides shear for disrupting the oil 
phase. In three instances (M-A, M-D, S-A) sam- 
ples other than the fifteen-minute ex'posure samples 
were found to be best. Of all the units the Eppen- 
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Fig 1 — Mean globule diameters of stored mineral 
oil acacia emulsions Emulsif} ing apparatus O, 
Eppenbach colloid mill, Ai Mimsonic ultrasonic 
generator, \, Sonogen ultrasonic generator 



0 15 30 45 CO 

DAYS 

Fig 2 — Mean globule diameters of stored mineral 
oil Tiveen 40/Span 80 emulsions Emulsifying ap- 
paratus O, Eppenbach colloid mill, D, G E 
ultrasonic generator, x, Sonogen ultrasonic gener- 
ator, A, Minisonic ultrasonic generator 


bach mill had the greatest tendency to incorporate 
air into the emulsion It is recognized that air 
entrapment in emulsions may accelerate their break- 
down (12) This may be the reason for the inferior 
long exposure samples 

Table II summarizes the mean globule diameters 
and average specific interfacial area produced by 
the different apparatus These figures are the 



DAYS 

Fig 3 — Mean globule diameters of stored mineral 
oil-PIuronic F-G8/Span 80 emulsions Emulsifjing 
apparatus O, Eppenbach colloid mill, \, Sonogen 
ultrasonic generator. A, Mmisomc ultrasonic gen 
crator 



DAYS 

Fig 4 —Mean globule diameters of stored mineral 
oil-sodium laur^ 1 sulfate emulsions Eraulsifi tng 
apparatus O, Eppenbach colloid mill, \, Sonogen 
ultrasonic generator, A. Mmisonic ultrasonic 
generator 


average of the four stabihtj storage results Since 
feu of the emulsions underwent any marked 
deterioration during the sixty da 3 S storage this 
average value is useful for comparisons, but it has 
no value beyond that Tins lack of change in the 
emulsions undoubtedlj' parallels the findings of 
Harkins and Beeman (13) who noted that when 
sufficient emulsifjnng agents were used to complete 
a monomolecular layer about the oil droplets, the 
emulsion could remain appreciably unchanged for 
as long as one year King and Mukherjee (14) 
found vast stabihtj' differences bj changing emulsi 
fier concentration 

The Eppenbach mill had an aggregate arerage 
particle diameter of 2 36 /i, the Mimsonic generator 
produced globules averaging 1 48 These average 
values represent measurements on approximate^ 
55,000 globules 

The 300 kc frequency of the General Electric 
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Fig. 5. — Mean globule diameters of stored peanut 
oil-acacia emulsions. Emulsifying apparatus; O, 
Eppenbach colloid mill; □. G. E. ultrasonic gener- 
ator; X, Sonogen ultrasonic generator; A, Minisonie 
ultrasonic generator. 



0 15 30 45 60 

DAYS 

Fig. 6. — Mean globule diameters of stored peanut 
ail-Tween 40/Span 80 emulsions. Emulsifying ap- 
paratus; O. Eppenbach colloid mill; Q, G. E. 
ultrasonic generator; x, Sonogen ultrasonic gener- 
ator; A, Minisonie ultrasonic generator. 


unit has a marked tendency to cause coagulation 
of the emulsion on prolonged exposure. In all 
cases the ten-minute exposure samples were better 
than the fifteen minute ones. Using the same 
pnerator Beal and Skauen (5) found a gradual 
. improvement in their emulsions up to thirty minutes. 
In this study a polyethylene bottle was used as the 
exposure chamber. Polyethylene has poor heat 
transfer qualities. Even though the bottle was 
immersed in a cooling bath, temperatures of 55-60'’ 
developed in the emulsion on fifteen minutes insona- 
tion. Bondy and Sollner (15), Audouin and 
Levavasseur (2), and others (16) have noted that 
elevation of temperature does not favor emulsifica- 
tion, but actually favors coagulation. 



Fig. 7. — Mean globule diameters of stored peanut 
oil-Pluronic F-68/Span 80 emulsions. Emulsifying 
apparatus: O, Eppenbach colloid mill; x, Sonogen 
ultrasonic generator; A, Minisonie ultrasonic gen- 
erator. 



apparatus: O, Eppenbach colloid mill; □, G. E. 
ultrasonic generator; x, Sonogen ultrasonic gener- 
ator; A, Alinisonic ultrasonic generator. 


The only emulsions to show separation of free oil 
were those prepared in the Sonogen generator. The 
Sonogen is not well suited for the production of 
emulsions. The ultrasonic waves produce very little 
agitation in the exposure tank, and as a result some 
ty'pe of stirring must be provided to keep the 
emulsion components in intimate contact. In this 
study minimal stirring was employed. Even so, it 
is questionable horv much of the emulsification is 
attributable to stirring and how much is actually 
due to ultrasonic cavitation. In addition, there is 
no way' to maintain a constant temperature with this 
apparatus, which is designed mostly as a cleaning 
tool. 
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days 

Fig. 9. — Mean globule diameters of stored saf- 
flotver oil-acacia emulsions Emulsifying apparatus: 
O. Eppenbach colloid mill; x, Sonogen ultrasonic 
generator, A, Minisonic ultrasonic generator. 



DAYS 

Fig. 10. — Mean globule diameters of stored saf- 
flower oil-Tween 40/Span 80 emulsions. Emulsify- 
ing apparatus; O, Eppenbach colloid mill; O. 
G. E. ultrasonic generator; x, Sonogen ultrasonic 
generator; A, Minisonic ultrasonic generator. 


Emulsions. — Sodium laurjd sulfate-stabilized 
emulsions showed the greatest tendency for insta- 
bility, especially when prepared in the Eppenbach 
colloid mill (M-D-1, M-D-4, P-D-1, S-D-1). These 
emulsions have a very low viscosity which more than 
likely contributes to tlieir instability. King and 
Mukherjee (14) found a high viscosity essential to 
good stability. 

Table II shows that the nonionic emulsifier pairs. 
Tween 40/Span 80 (series B) and Pluronie F-68/ 
Span 80 (series C), were generally the best of the 
agents used. Neither of these emulsion systems 
showed oil separation. Siragusa, et al. (17), found 



Fig. II. — Mean globule diameters of stored saf- 
flower oil-Plurouic F-G8/Span 80 emulsions. Emul- 
sifying apparatus; O, Eppenbach colloid mill; D. 
G. E. ultrasonic generator; x, Sonogen ultrasonic 
generator; A. Minisonic ultrasonic generator. 
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days 

Fig. 12. — Mean globule diameters of stored saf- 
flower oil-sodium lauryl sulfate emulsions. Emul- 
sifying apparatus: O, Eppenbach colloid mill; x, 
Sonogen ultrasonic generator; A. Minisonic ultra- 
sonic generator. 


a Tween 80/Span 20 emulsifier combination better 
for a 12.5% mineral oil emulsion than acacia, both, 
made in the Eppenbach tnill. King and Mukherjee ^ 
noted that the efficiency of an emulsifying agent is J 
a very specific property. Mixed emulsifiers should ( 
give better emulsions than the single agents since 
it is possible to match the emulsifier HLB with the 
HLB required by the oil. 

According to the work of Chun, et al. (18). the 
HLB value of acacia is 8.0. Since the HLB require- I 
ment of peanut oil is also 8.0 for an o/w emulsion 
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Table II, — Summary of Data on Emulsions'" 


Emul- 

sion 

(tori' 

■Eppenbach- 

i' 

S<! 

— Gei 
dat 

icral Elec 

itric » 

S 

dav 

-Sonogen- 

s 

s 

dav 

-Minisonic- 

S 

M-A 

3.61 

3.12 

0.74 

t 

e 

e 

S 

S 

! 

1.88 

1.30 

1.58 

M-B 

1.48 

1.13 

1.43 

1.37 

0.88 

1.95 

1.49 

1.04 

1.66 

1.40 

1.00 

1.64 

M-C 

1.93 

1.04 

2.03 


t 

e 

1.84 

0.98 

2.13 

1.52 

0.84 

2.41 

M-D 

2.68 

2.74 

0.75 

e 

t 

e 

/ 

/ 

/ 

2.02 

1.69 

1.20 

P-A 

2.26 

1.80 

1.12 

2.28 

1.80 

1.06 

2.48 

2.35 

0.88 

1.61 

0.83 

2.46 

P-B 

2.05 

1.82 

0.99 

2 92 

2.25 

0.94 

2.30 

1.50 

1.35 

1.26 

0.60 

3.11 

P-C 

1.85 

1.49 

1.26 

e 

e 

e 

1.90 

1.78 

1.03 

1.33 

0.76 

2.44 

P-D 

2.71 

2.47 

0.84 

2.31 

2.14 

0.91 

4.06 

3.12 

0.72 

1.30 

0.61 

3.09 

S-A 

2.94 

2.56 

0.83 

e 

« 

« 

2.75 

2.58 

0.82 

1.33 

0.66 

2.91 

S-B 

1.70 

1.40 

1.24 

2.52 

1.77 

1.13 

2.45 

2.60 

0.78 

1.33 

0.70 

2.68 

S-C 

2.27 

2.01 

1.02 

2.08 

1 68 

1 21 

1.69 

1.34 

1.41 

1.51 

0.84 

2.40 

S-D 

3.06 

2.54 

0.88 

« 

e 

e 

s 

s 

/ 

1.27 

0.59 

3.15 


o Average of zero-, fifteen-, thirty-, and sixty-day determinations 
<fa». Arithmetic mean globule di ameter, 

c j, Standard deviation: 5 « „ 

^ S, Specific interfrtcml area, X 10< cm Vml. 

^ Generator failure, no emulsion prepared 
/ Oil separation at fifteen days. 


ft would be anticipated that the peanut oil-acacia 
{P-A) emulsions would be superior to mineral oil- 
acacia (M-A) or safflower oil-acacia (S-A) emulsions. 
Table 11 shows that this is generally true. The 
mean globule size of all P-A emulsions is 2.13 tt, 
2 57 II for M-A emulsions, and 2.32 n for S-A emul- 
sions. The acacia emulsions were uniformly 
coarser than the Tween 40/Span 80 or Plutonic 
F-68/Span 80 emulsions. King and Mukherjee 
(14) found emulsions stabilized by hydrophilic 
colloids to be generally coarse, but usually stable, 
'at least in part due to their high viscosity. 

From the data it appears that all three of the oils 
have approximately the same ease of emulsification 
t\hen handled as they were in this investigation. 

In diluting the emulsions for photomicrography 
a preliminarj' indication of the better emulsions 
was observed. Generally dilutions of 1:100 to 
1:200 produced fields suitable for measurement. 
In emulsions prepared in the Minisonic it was 
necessary to dilute to 1:450 to get few enough 
particles to analyze satisfactorily. Even at this 
dilution there were many more globules in the field 
than found with the other emulsions. Emulsions 
other than the Minisonic ones broke when such 
extreme dilutions were made. The counting 
method used by Beal and Skauen (4 5) where e.xact 


dilutions are made would undoubtedly have shown 
the Minisonic emulsions to be even more superior 
than the evaluation methods of this study showed. 
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Book Notices 


Etnfiihrinig in die Phannako psychologic By Her 
BERT Lippert Band 4 der Enzjklopadie der 
Psjchologie in Einzeldarstellungen \ crlag 
Hans Huber, Bern and Stuttgart, 1959 Intcr- 
continetal Medical Book Corp , 381 Fourth Ave , 
New York 10, N Y 254 pp 15 X 23 cm 
Price Fr /DM 32 

This book (in German) is intended as an mtro- 
ductorj textbook in pharmacopsj choIog\ The 
final chapter covers the relation of chemical struc- 
ture and psjchic action of barbiturates phcnjl 
ammoethane derivatives, opium alkaloids, and 
S3mthetics, cocaine atropine group, alcohol ether 
group, and ataractic tranquilizers 

Recent Advances in Neuro Physiological Research 
^ Edited by D Ewen Cameron and Milton 
Greenblatt American Psv cliiatric Association, 
1700 Eighteenth St , N W , Y’'ashington 9, D C , 
1959 136 pp 15 X 23 cm Paperbound 

This IS a compilation of nine reports on recent re 
search in this field covering communication, 
memorj' disturbance, electroph) siologj , animal be 
havior, and a biological basis for psj chopathologj 
Discussions of the papers are included, but there is 
no index 

The Untied States Phannacopeia ICth rev Pub 
lished by the U S Pharmacopeial Convention, 
Inc , 1960 Distributed bj Mack Publishing Co , 
Easton, Pa xhv -f 1148 pp 15 X 23 cm 
Price $10 domestic, $10 50 foreign 
The U S P rev ision committees hav e maintained 
such a high degree of excellence for so long that when 
a new revision of the compendium appears vve are m 
dined to accept it as something automatical!} pro 
duced U S P XVI unquestionablv reflects the 
competent medical and pharmaceutical efforts of a 
dedicated group of experts in these fields The 908 
monographs in U S P XAT include 225 new admis 
sions, which represent ever} new class of drugs intro 
duced since 1955 These include the oral antidia 
betics, orallv effectiv e diuretics, antili} pertensiv cs, 
and anticarcinogenic agents In addition there are 
listed 81 titles of “U S P XVI interim admissions ” 
Monographs for these articles, which have been ap 
prov ed for admission b} the U S P Committee on 
Scope, are still being dev eloped and should appear in 
Interim Revision Announcements or m Supplements 
to U S P XA I Progressive anal} tical studies are 
reflected m the applications of new anal} tical tech 
niques such as infrared spectrophotometry, chro 
matograph} , radioisotope tracers, etc , to drugs in re 
tamed monographs as well as in new monographs 
The increase m spectrophotometric procedures for 
identification tests and assa}s is reflected m the 
addition of 78 new U S P Reference Standards, 
most of them being required for spectrophotometric 
methods 

The style and format of the monograph section of 
the book IS similar to that in U S P XV but the sec 


tion headed “General Tests, Processes and Appara 
tus” IS set in space saving tw o column format This 
section cov ers 272 pages and has its separate table of 
contents On behalf of the U S P revision com 
mittce and those who assisted m the preparation of 
U S P XVI, chairman Llo}d C Miller and his 
executive assistant Adlc} B Nichols should receive 
our commendation The new official compendia, 
U S P XVI and N F XI, the technical rev ision of 
which IS attributable inainlv to pharmac} members 
of the rev ision committees, are splendid proof that 
pharmaev can set its standards high in the profes 
sioiial aspects of its practice 

Optical Rotatory Dispersion Bv Carl Djerassi 
McGraw Hill Book Co , 330 W'^est 42nd St , New 
York 36, N Y 1960 xiii 4- 293 pp 15 X 23 
cm 

This book deals with rotator} dispersion as a 
ph} sical tool used to solv e structural, stereochemical, 
and conformational problems m organic cheraistr} 
and biochemistr} It considers mainly the adv ances 
made since 1955 w ith particular emphasis on steroids, 
terpenes, ammo acids, and proteins and peptides 
The increased interest and experimental work in 
the field has been greatl} stimulated b} the acquisi 
tion of spectropolarimeters bv man} laboratones 
Three of the 17 chapters have been WTitten b} ex- 
perts in their fields of instrumentation and applica- 
tion of optical rotatory dispersion Appendixes 
include a bibliograph} of publications, an ex- 
planation of the nomenclature, and stereochemical 
conventions for steroids and triterpenoids Author 
and subject indexes are given 

Stress and Cellular Function Bv H Laborit, c/af 
J B Lippincott Co , Medical Dept , East V'^ash 
mgton Square, Philadelphia 5, Pa , 1959 xi -[- 
255 pp 15 5 X 23 cm Price $7 50 
This book, intended for the clinician, is a trans- 
lation of the original French edition which had the 
title Resuscitation Ph}sio biological Bases and 
General Principles ” The author attempts to out- 
line three basic concepts from which he proposes to 
dev'elop a series He states ‘ Knowledge of 
svstemic reaction to injur} under its diversified 
aspects, will lead to a particular understanding of 
its management as well as of resuscitation ” Re 
suscitation IS the term used to indicate the restora- 
tion to normal v alues found m the healthv bod} 

Technique et Pratique de la Correction Prothetiqiie des \ 
Surdites By Jacques Dehaussy Masson et 
Cie , Editeurs, 120, boulevard Saint Germain, 
Pans 6", France, 1960 265 pp 17 X 25 cm 

Paperbound Price NF 30,000 
This book (in French) includes methods of testing 
hearing abilit} , diagnosing abnormalities, and de- 
scribes corrective procedures It is directed to the 
specialist in this branch of medical practice 
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Infrared Analysis of Pharmaceuticals I* 

Application of the Potassium Bromide Disk Technique to Some 
Steroids, Alkaloids, Barbiturates, and Other Drugs 

By ALMA L. HAYDEN and OSCAR R. SAMMUL 


The quantitative potassium bromide disk tech- 
nique has been investigated and methods have 
been adopted for its application to some 
pharmaceuticals. Average deviations from 
, linearity within ±4.0 per cent were obtained 
with some crystalline compounds. Analyses 
of_ pharmaceutical preparations, by band- 
grinding_ or vibrator-grinding methods, 
resulted in average agreement within ±3 to 
±4.5 per cent with ultraviolet spectrophoto- 
metric or gravimetric determinations. 

^HE PUBLICATION in 1952 (23. 20) of the po- 
tassium bromide disk method has resulted 
in investigations into the applicability of this 
method to compounds of varied origin. There 
have been reports of successful applications, both 
qualitatively and quantitatively, to steroids 
(9, 12 , 20 , 21 ), carbohydrates (2, 28), amino 
acids and peptides (7, 24, 20), pesticides (27), 
and other organic and inorganic compounds 
(4-6, 11, 14, 29). From these studies, it has 
been shown that this method is useful in the 
study of water-soluble materials and of fractional 
milligram amounts of substances difficultly 
soluble in the usable infrared transparent sol- 
vents. Another advantage is that some sub- 
'lanccs which are structurally similar and whose 
spectra in solution are essentially identical may 
ye differentiated by infrared spectra of their 
potassium bromide disks (10). 


Division of Pharm 

inston S^ D Administration, Was 

“1'. svootly indebted to Mr. Jonas Carol t. 
his ad\ ice and criticism throughout this work. 


In this laboratory, there developed a need for 
a method of determining and identifying frac- 
tional milligram amounts of phannaceuticals, 
some of which were difficultly soluble in the 
usable infrared solvents. In view of the reports 
of success with quantitative potassium bromide 
methods (5, 12, 14, 17, 21, 24, 25, 27, 29), and 
with an awareness of the possible formation of 
anomalous spectra (1-3, 8, 10, 18-20), an inves- 
tigation was made of the applicability of a 
quantitative potassium bromide method to some 
pharmaceuticals. 

Several methods have been used in obtaining 
homogeneous potassium bromide-compound mix- 
tures. Kirkland (14) studied various methods of 
dispersing samples in potassium bromide and 
concluded that vibrator-grinding gave the most 
reproducible mixtures. Wiberley and co-workers 
(29) used vibrator-grinding of potassium bromide- 
sample with potassium thiocyanate as an internal 
standard in quantitative studies of poly (vinyl 
chIoride)-poly(vinyl acetate) copolymiers. 
Schwarz and co-workers (25) used lyophiliza- 
tion to obtain homogeneous mixtures of potassium 
bromide and desoxyribonucleic acid. Rosen- 
krantz and co-workers (21) estimated to within 
8 per cent of the known amount for steriods mixed 
by spatula with potassium bromide. Susi and 
Rector (27) used vibrator-grinding of crj'stalline 
materials in the quantitative determination of 
mixtures of pesticides. These authors reported 
5 per cent deviations from the' Beer-Lambert law 


489 





490 


Journal op the American Pharmaceutical Association 


Vol. 49, No. 8 


for standard pesticides. Ito and Amakasu (12) 
found that trituration in a mortar provided 
satisfactor}' preparation of ethinyl estradiol 
samples, which could be analyzed with an average 
accuracy of about 2 per cent. Ingebrigston and 
Smith (11) found that the mixtures prepared by 
hand-grinding a slurry of the sample and potas- 
sium bromide in a volatile solvent gave spectra 
of excellent quality with increased resolution 
and absorbance. 

In the work reported here, the authors made a 
preliminary investigation into various methods of 
dispersing the sample in potassium bromide. It 
was found that hand-grinding of solutions of 
compounds with potassium bromide and vibra- 
tor-grinding of residues from solution or of re- 
crystallized samples with potassium bromide 
without an internal standard gave the most re- 
producible homogeneous mixtures which could 
be studied quantitatively. Since the crystalline 
forms of some compounds depend on the solvent 
and the conditions of crystallization, the standard 
and sample solutions were subjected to identical 
treatment. 

Some standard steroids, alkaloids, barbiturates, 
and other compounds were found to agree within 
±1. 0-4.0 per cent with the Beer-Lambert law 
over the concentration range of 0 05-0.40 per 
cent by weight. The results with some cinchona 
alkaloids are given elsewhere (10). 

Application of the described procedures to 
quantitatively prepared (sjmthetic) mixtures, to 
recovery experiments, and to drugs containing 
hydrocortisone and 17-hydroX3'-ll-desoxycorti- 
costerone, ethinyl testosterone, phenobarbital, 
or acetophenetidin and caffeine revealed an 
average agreement within 3.0 per cent of the 
added amount or of results obtained by ultra- 
violet spectrophotometry and within 4.5 per 
cent of gravimetric measurements. 

EXPERIMENTAL 

The potassium bromide (Harshaw 200/325) was 
dried at 105° for a minimum of sixteen liours prior to 
use. The 20/40 mesh material was prepared in this 
laboratory from Harshaw random size potassium 
bromide and was dried as above. 

All of the substances studied were purified by 
recrystallization from a suitable solvent, and their 
melting points were determined on a Fisher-Johns 
melting block. For the analytical studies, solvents 
were chosen from which each of the compounds 
crystallized without glassy or amorphous material, 
and solutions of 1.0 mg. per ml. were used. 

Methods 

Preliminary Sample Dispersion Experiments. — 
Initial experiments with potassium thiocyanate as an 


internal standard used lyophilization and hand- 
grinding as the means of producing the mixtures. 
For the lyophilization procedure, 5 ml. of a 4% 
aqueous solution of potassium bromide containing 
0.1% potassium thiocyanate was frozen with about 
0.5 ml. alcoholic solutions of ethinyl estradiol, hydro- 
cortisone, cortisone, or reserpine while being 
mechanically rotated. The frozen material was 
then dried under high vacuum. The dried mixture 
was mixed briefly with a spatula and a 200-mg. 
aliquot pressed into a disk. When hand-grinding 
was employed, an aliquot of a solution containing 
the sample was ground with 200 mg. of a 0.1% solid 
mixture of potassium thiocyanate in 200-mesh 
potassium bromide. 

Some early attempts were made to disperse resi- 
dues from solution with potassium bromide b)’ 
evaporating the solution to drj-ness on potassium 
bromide powder, or by evaporating the solution to 
dryness in a mortar with subsequent addition of 
potassium bromide and grinding. When vibrator- 
grinding of crj'stalline samples was attempted, it 
was necessary to weigh small amounts, less than 1 
mg., on a microbalance. 

Final Hand-Grinding Procedure. — An aliquot of a 
solution (1.0 mg. per ml.) containing 0.05-1.0 mg. 
of the compound was ground for an accurately 
measured and reproduced time (five to ten minutes) 
with 200 mg. of potassium bromide in a 50-mm. 
mullite mortar with pestle. The mixture was freed 
of last traces of solvent and adsorbed water in 
vacuum at room temperature or at a temperature 
above the boiling point of the solvent. 

Final Vibrator-Grinding Procedure. — A Crescent_ 
amalgamator fitted with a steel capsule (Vis-inch 
inside diameter, 1 inch in length) containing three 
steel balls (Vs inch in diameter) was used for vibrator 
grinding. An aliquot of a solution containing 
0.05-2.0 mg. of the compound was evaporated to 
dryness with drj' nitrogen in the steel capsules con- 
taining the steel balls. Standard and sample solu- 
tions were evaporated under the same conditions at 
the same time. The residue was dried at room 
temperature in vacuum over P2O5 for about one 
hour, 400 mg. of potassium bromide was added, and 
the cylinder stoppered. The contents were 
vibrated for a predetermined optimum time (five to 
twenty minutes). 

Disk Pressing Technique. — In general, the 
potassium bromide mixtures and disks were pre- 
pared at room temperature at less than 50% relative 
humidity to minimize tlie adsorption of water. 
Under conditions of greater than 50% relative 
humidity, the mixtures were dried at 105° at atmos- 
pheric pressure, or at an equivalent temperature 
under high vacuum. The effects of adsorbed water 
can be reduced by grinding at temperatures higher 
than atmospheric temperature. For each disk, 200 
mg. of potassium bromide-compound mixture was 
pressed in a Beckman evacuable die which forms 
disks of 12.7 mm. in diameter and about 0.57 mm.\. 
in thickness. After evacuation at less than 1 ram. / 
Hg for one minute, a force of 20,000-25,000 pounds 
was applied for three minutes during evacuation. 
After pressing, the disks were placed in vials, heated 
at 105° for ten to twenty' minutes, and cooled to 
room temperature in a desiccator. 

Measurement of Spectra. — The spectra were ob- 
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tattled with a Perkiii-Elmer Model 21 double-beam 
spectrophotometer with sodium chloride optics. 
The disks were inserted in the sample beam by means 
of a disk holder which fitted the microcell adapter. 
The qualitative or quantitative measurements were 
made without compensation in the reference beam. 

A preliminary qualitative spectrum of the 2-1 5p 
region was made of a disk of each compound (about 
0.25-0.50%, by weight) which was prepared under 
moderate hand- or vibrator-grinding conditions 
(one or two minutes grinding). This spectrum 
served as a guide in the selection of bands for quan- 
titative study and in the detection of spectral varia- 
tions. 

For quantitative u ork, the baseline procedure was 
used to obtain the absorbance using minima on each 
side of the chosen maximum. After the first absorb- 
ance measurement, the disk was turned over in the 
holder and a second measurement was made. The 
average was taken of the two baseline absorbance 
readings. The disk area exposed to the beam was 
outlined at the time of the first reading and the 
average thickness was obtained bj' making six read- 
ings of this area with a micrometer. The product of 
the average thickness and the per cent concentra- 
tion was considered the effective concentration in 
the sample beam. A plot of baseline absorbance 
against effective concentration for a compound re- 
vealed the agreement with the Beer-Lambert law 
over the concentration range studied. For some 
compounds, two or three bands were chosen from the 
qualitative spectra and the average of results from 
these bands was computed. 

Prior to a determination of deviation from the 
Beer-Lambert law, it was necessary to determine the 
optimum grinding time conditions. Since prelim- 
inary work showed that most of these compounds 
folloiv the Beer-Lambert laiv at a concentration of 
0.25%, mixtures containing 0.25% of compound 
were ground for times varying between one and 
twenty-five minutes bj^ one of the given procedures. 
By plotting an absorptivity coefficient (baseline 
absorbance/thickness X concentration) against 
grinding time for the selected band (s), and by ob- 
serving the spectrum at the various grinding times, 
the optimum grinding time was ascertained. For 
most compounds ten minutes hand-grinding was 
optimum. The optimum vibration-time varied 
with the compound, the size of the potassium bro- 
mide matrix, and the number of steel balls used. 

Using the- optimum grinding time, calibration 
curves showing the relationship between baseline 
absorbance and effective concentration were made 
by studying disks of different concentrations at the 
chosen w-avelengths. A concentration which fell on 
the linear portion of the curve was chosen for 
analytical purposes. 

.Analyses of quantitatively prepared (synthetic) 
mixtures preceded recovery experiments where the 
standard compounds were used in the various sepa- 
/ ration procedures given below. The amounts de- 
li termined by the infrared method were compared 
with the amounts added or with the amounts cal- 
culated from ultraviolet or gravimetric measure- 
ments. For most of the experiments, the averages 
of analyses on duplicate disks were used. The 
identities of the analyzed compounds were proven by 
comparison of the spectra of sample and .standard 
disks of 0.10-0.25% by weight. 


Analyses of Various Pharmaceutical Preparations 

Ethinyl Testosterone. — A weighed amount of 
ethinyl testosterone tablet mixture equivalent to 25 
mg. of active ingredient was chromatographed on a 
Celite-water column (10 Gm.-5ml.). The column 
was washed with 50 ml. isooctane and the excess 
isooctanc blmvn out with gentle air pressure. The 
ethinyl testosterone was eluted with 160 ml. chloro- 
form and the cluate evaporated to dryness in vacuum 
at less than 50° or with a stream of dry air at less 
than 40°. The residue was dissolved in absolute 
methanol and diluted to volume in a 25-m!. volu- 
metric flask. 

Aliquots (0.10 ml.) of methanolic solutions of the 
sample and of the standard (1.0 mg. per mi.) were 
mixed with 200 mg. potassium bromide (200 mesh or 
20/40 mesh) by the hand-grinding (ten minutes) 
or vibrator-grinding (six minutes) procedures. For 
determinations using the 9.44 h band, aliquots of 
0,8 ml. were required. Baseline absorbance meas- 
urements were made of the — C=C — C— O band at 
C.03u. The absorptivity coefficient, Kbh, ivas cal- 
culated for the standard from the equation K^ui — 
AbfCL, where As is baseline absorbance, C is concen- 
tration in per cent by weight, and L is average 
thickness in millimeters. From the following 
equation, the calculation of amount of active ingre- 
dient in the sample tablet was made. 


X Ls.implc 


wt. KBr mixture X 


Total vol. 
Aliq. vol. 


X 


Av. wt. per tablet 
wt, of sample 


= mg. per tablet. 


Hydrocortisone. — A quantify of tablet mixture 
equivalent to 20 mg. of hydrocortisone was sus- 
pended in dilute acid solution and completely ex- 
tracted with chloroform. The combined e.xtracts 
were evaporated to dryness, and the residue was 
chromatographed on a Celite-formamide-water 
column. The column was eluted successively with 
benzene and with chloroform. The benzene and the 
chloroform eluates were washed with water and 
were dried with anhydrous sodium sulfate The 
dried eluates were filtered, evaporated to dryne.ss, 
and the residues made to volume with absolute 
methanol. Aliquots of the methanolic solutions 
were analyzed using the hand-grinding procedure. 
The resulting potassium bromide disks were com- 
pared quantitativel 5 ’' and qualitatively with stand- 
ard disks of IT-hydroxy-ll-desoxycorticosterone 
(0.15% by weight) and of hydrocortisone (0.25% by 
weight) which were prepared at the same time from 
methanolic solutions of the standard compounds. 
The quantitative determinations were made of the 
— D=C — C— O band for each compound (5.99ju 
l7-hydroxy-H-desoxycorticosterone, O.OSp hydro- 
cortisone). 

Phenobarbital. — A weighed amount of phenobar- 
bital tablet mixture equivalent to 50 mg. active in- 
gredient was dissolved in 5 ml. (2 -f 1) forraamide- 
water, and mixed with 5 Gm. acid-washed Celite. 
This mixture was chromatographed on a modifieci 
Sabatino (22) Celite-forraamide and water column 
[5 Gm. — 5 ml. (2 -f 1)]. A base layer of 1 Gm. 
acid-washed Celite rai.xed n-ith 1ml. saturated barium 
hydroxide solution was used to leinove any stcarate.s 
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present in the tablet.' After a preliminary elution 
with 150 ml. isooctane-ehloroform (1 + 1), pheno- 
barbital was eluted with 200 ml. water-washed 
chloroform. The chloroform cluate was washed 
with water, diluted with approximately 2% ethyl 
alcohol by volume, and evaporated to dryness with 
dry air at less than 60°. The residue was dried in 
vacuum over P 205 for thirty minutes, and was made 
to volume in benzene m a 50-ml. volumetric flask. 
Aliquots (0.4 ml.) of the sample solution and of a 
standard solution (1.0 mg. per ml.) were made into 
disks (0 1% by weight) using the hand-grinding 
procedure. The quantitative determinations were 
made using the carbonyl band at 5 8Sji. 

Phenobarbital in the Presence of Amino- 
phylline. — A weighed portion of sample equivalent 
to about 50 mg of phenobarbital was suspended in 
50 ml HCld -(-I). The mixture was completely 
extracted with ether The combined ether extracts 
were washed with two 10-ml, portions of HCl (1 -f- 
1), and with water, and were evaporated to near 
dryness with dry air at less than 35°. The residue 
was treated as described under “Phenobarbital.” 

Acetophenetidin and Caffeine in APC Tablets. — 
The acid-base column described bj' Levine (15) «as 
modified by using two and one-half times the 
amounts of column components and twice the 
amounts of active ingredients, and bj' incorporating 
a wash layer consisting of 5 Gm. Celite and 5 ml. 
distilled water at the top of the column. 

An amount of tablet mixture containing about 
7.4 mg. acetophenetidin, 1 4 mg. caffeine, and 10 
mg. aspirin was chromatographed on the modified 
column. The acetophenetidin was eluted with 
ether, the eluate was evaporated to dryness, and 
made to volume (5 ml.) in absolute methanol. 
The caffeine was eluted with water-washed chloro- 
form, the eluate was diluted with 5% ethyl alcohol 
by volume, evaporated to dryness, and made to 
volume (2 ml.) in benzene. The aspirin was not 
determined. 

Solutions of standard acetophenetidin in meth- 
anol (1.48 mg. per ml.) and of standard caffeine in 
benzene (0.72 mg. per ml.) were prepared from ac- 
curately weighed crystalline samples. Residues of 
aliquots (1 ml.) of the standard and sample solutions 
of acetophenetidin and of caffeine were mixed, 
separately, with 400 mg. of 200/325 mesh and 20/40 
mesh of potassium bromide for twenty and five 
minutes, respectively, using the vibrator-grinding 
procedure. Quantitative determinations were made 
using baseline absorbances of the bands at 8.52, 
9..54, and 11.94p for acetophenetidin, and at 13.19ii 
for caffeine. 

RESULTS AND DISCUSSION 

In the authors’ hands, the method of lyophiliza- 
tion proved unsuccessful as a means of dispersing 
samples in potassium bromide for quantitative 
studies. 'However, qualitative spectra of mixtures 
prepared in this way were essentially the same as 
those obtained using the two adopted procedures. 

In preliminary experiments with potassium thio- 
cyanate as an internal standard, disks of dispersions 
of this compound with ethinyl estradiol, h 3 ^drocorti- 


I la recent experiments, the Ba(OH)2 layer has been 
omitted with an increase in the reproducibility of recoveries. 


sone, and reserpine and potassium bromide revealed 
the C = N band at 4.87u. The spectra of these 
compounds differed from those in potassium bromide 
disks alone bj' the presence of this band. However, 
in disks of potassium thiocyanate with cortisone and 
potassium bromide, two bands of varying intensities ' 
appeared in the C = N region at 4.81 and 4.87/1. 

In addition, on heating disks of this mixture the 
5.08u band attributed to the — C=C — C==0 group 
of cortisone and the 4.87u band were seen to dis- 
appear. Extraction of these heated disks with 
chloroform and reformation of a potassium bromide 
disk from the extract residue revealed the normal 
.spectrum of cortisone with the C = 0 band at 5.84u 
and the — C==C — C=0 band at 5.98m. These 
observations are indicative of bonding or complex 
formation between the — C=C — C=0 group of 
cortisone and the — C^N group of potassium thio- 
ej'anate. Because of these variations, the difficulty 
of obtaining reproducible potassium bromide-potas- 
sium thiocj’anate mixtures, and the ease of making 
accurate thickness measurements, the use of an in- 
ternal standard was avoided. 

Mixtures which were produced by hand-grinding 
crystalline samples and residues or by vibrator- 
grinding weighed residues with potassium bromide 
were not as quantitativelj* reproducible as, or re- 
quired more time than, those prepared by the final 
methods. 

In general, under the described experimental 
conditions, disks of hand-ground mixtures gave 
spectra with somewhat better resolution and more 
intense absorbance than disks of vibrator-ground 
mixtures. In Fig. 1 are seen qualitative spectra 
of the 2-15/1 region of some of the compounds 
studied. Although vibrator-grinding is mechani- 
cally more efficient, because of the grinding force 
exerted on the crystal, it is more likelj’ to produce 
mixtimes whose disks show spectral changes and 
distortions. Under conditions of greater than 50% 
relative huraiditj', the vibrator-grinding procedure 
suffers from inadequate mixing as a result of adsorp- 
tion of moisture from the atmosphere. In addition, 
hand-grinding is preferable for those compounds 
which exhibit spectral changes on vibrator-grinding. 
When the hand-grinding procedure is accurateh' 
reproduced, the results are as reliable as those where 
vibrator-grinding is emploi’ed. 

In general, the effects of particle size of the matrix 
on the ease of disk formation and on the qualitative 
spectrum agree with previous reports (1, 16). It 
was found that samples mixed with the coarse 20/40 
mesh potassium bromide required less grinding, 
adsorbed less water, and produced clearer disks tlian 
did the 200/325 mesh powder. I'ibrator-grinding 
of 200/325 or 20/40 mesh potassium bromide for 
longer than twenty minutes produced a powder of 
such small particle size that disk formation was 
difficult in that the disks were flaked and cracked 
when pressed from the die. With the vibrator- 
grinding procedure, those compounds which showed ' 
a tendency for spectral changes exhibited these 
changes with less grinding time with the 20/40 mesh J 
crj'sta's than when the 200/325 mesh powder was 
used. It is presumed that the larger particles of 
potassium bromide contribute to the grinding of 
the sample. As a result, anomalies maj' occur more 
readily than when the finer particles of potassium 
bromide are used. 
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Fig. 1. — Infrared spectra of ethinyl testosterone from methanol {A), aceto- 
phenetidin from methanol {B), caffeine from benzene (C), and phenobarbital 
from benzene (D) in potassium bromide disks. 


The clarity of the disks was a function of the 
amount of sample present, the size of the potassium 
bromide matrix, and the extent of grinding. Some 
compounds formed clear disks at concentrations up 
to 0.5 mg. per 200 mg potassium bromide; disks of 
other compounds were cloudy at concentrations of 
about 0.2 rag. per 200 mg. potassium bromide. 
/ Cloudy disks could be used with satisfactory results 
\ as the baseline absorbance measurement eliminated 
) the effect of background variation. Variable results 
were obtained when cracked or striated disks were 
compared with clear disks. 

A potential source of absorbance measurement 
error is the presence of interference patterns in the 
spectrum. When tliese fringes were encountered, 
the baseline was drawn so as to bisect the highest 


absorbing areas of the minima on each side of the 
band maximum. 

A study of the changes in spectrum uith grinding 
time and concentration reveals the stability of the 
compound under the grinding procedure. In Table 
I arc given the absorptivity coefficients at different 
grinding times for some of the compounds studied. 
The optimum grinding time ivas chosen as the time 
producing maximum absorbance of the selected 
band and maximum spectral resolution with identity 
with the qualitative spectrum of tlie compound. 

The authors’ investigations indicated that the 
stability of a compound to the grinding conditions is 
a function of the crystal energj' of the compound and 
of the stability of the disarranged crystalline lattice 
under tlie experimental conditions. Acetophe- 
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Table I — Changes in Absorptivity Coefficient 
With Grinding Time 


-Absorptivity Coeflicieiit- 



Ethinyl 


Aceto- 



Testos 

Amobar- 

pheneti 



terone, 

bital, 

dm, 

Caffeine 

Minutes 

G 03m 

8 07^1 

11 OAm 

13 19m 

1 




G9 

3 

720 

107 


96 

5 

730 


25G 

105 

10 

7G5 

134 

25G 

98 

15 

770 

143 

274 

98 

20 


13G 

287 


25 


137 

272 



netidin (m p 135°) and amobarbital (m p 156- 
158 5°) did not exhibit spectral changes, however, 
phenobarbital (in p 174-178°), quinidine (in p 
172-173° ), and quinine (m p 174-175°) (10),shoued 
variations m spectra nith grinding time 

The results of quantitative studies on standard 
ethinyl estradiol, hydrocortisone, 17-hydroxy-ll- 
desoxycorticosterone, cortisone, reserpine, etlimyl 
testosterone, ascorbic acid, amobarbital, pheno- 
barbital, acetophenetidin, and caffeine revealed the 
average deviation from linearity to be within ±4 0% 
over the concentration range 0 05-0 40% by n eight 
The smallest variation of 1% was seen for ethinyl 
estradiol, hydrocortisone, cortisone, and ethinyl 
testosterone The largest variation uas seen uith 
ascorbic acid and caffeine 

In Figs 2-4 are given the relationship betueen 
baseline absorbance and effective concentration for 
some of the compounds studied In general, the 
absorbance, resolution, and the reproducibility of 
the spectra were improved by heating the disks 
It is seen that the selected bands of acetophenetidin 
and caffeine follow the Beer-Lambert law within the 
described limits 

The 6 03/i band of ethinyl testosterone shows Iine- 
aritj^ up to 0 065-0 10% by weight when the minima 
at 5 45 and 6 65fi were used Disks of higher con- 
centrations vary from a straight line through the 
origin but show a straight line relationship with inter- 
cept at about 0 1 absorbance In later work it ivas 
found that an improved relationship is obtained for 
the higher concentrations if band-broadening effects 
are considered When the product of baseline ab- 
sorbance times the apparent band width (in cm.) 
at one-half the height of absorbance is plotted 
against effective concentration (Fig 2), the 6 03 m 
band follows the Beer-Lambert law within =fc2% for 
concentrations up to 0 25% by w^eight Concen- 
trations below or above 0 065% can be analyzed 
using baseline absorbance alone if the standard is of 
the same concentration The 9 44 m band showed 
deviations of ±4 0% at concentrations up to 0 25% 
by weight 

For a given compound, all bands did not follow 
the Beer-Lambert law In addition, for some com- 
pounds (caffeine and phenobarbital), bands which 
obeyed the Beer-Lambert law on direct determina- 
tion gave nonlinear results when the standard com- 
pounds were carried through the separation proce- 
dures Only those bands which showed linearity 
after the compound was subjected to the separation 
procedure were used 



0 2 4 0 8 10 12 14 16 18 20 22 24 26 28 
PER CENT BY WEIGHT X THICKNESS X 10 “< 


Fig 2 — Calibration curves of ethinyl testosterone 
showing the relationship between baseline absorb- 
ance and effective concentration (X), and between 
baseline absorbance times apparent half-band width 
and effective concentration (O) 



Fig 3 — Calibration data for acetophenetidin 
(11 94m) before (o) and after (X) heating potassium 
bromide disks. 



Fig. 4. — Calibration data for caffeine (13 19 m) 
before (o) and after (X) heating potassium bromide 
disks 
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Table II . — K Values 


Experi- 



Phenobarbital, 




meat 

Ethinyl Testosterone, 6.03/1 

5Mu 

Acetophenetidin o 

Caffeine® 

No. 

Hand-Ground/Vibrator-Grouod 

Hand-Ground 

9.54/1 

11.94^ 

13.19ii 

, 1 

762, 762 

664, 660 

620 



105 

' 2 

746, 760 

640 

614, 613 

24^ 256 

26i, 274 

95. 105 

3 

758, 761 

673 


246 

272 

109.5 

4 

763, 761 







o Vibrator-ground. 


Table III. — Table of Recoveries for Ethinyl Testosterone 


Sample 

Added or 
Declared 
mg./Tablet 

Ultraviolet 
mg. % 

Standard 

4.85 

4.81 

99.1 

Standard 

25 



A 

25 

26.90 

107.5 

B 

10 

9.63 

95.3 

C 

25 

24.70 

98.8 

D 

10 

9.48 

94.8 


-Found per Tablet^ 

/ Infrared' 


Hand-Ground Vibrator-Ground 


mg. 

% 

mg. 

% 

4.75 

98.0 



24.85 

99.4 



27.20 

108.8 

27.00 

108.0 

9.65 

96.6 

9.53 

95.3 

24.85 

99.4 

25.25 

101.0 

9.54 

95.4 

9.38 

93.8 


a Values represent the average of at least two determmations. 


Table IV. — ^Analyses of Some Pharmaceutical Compounds and Preparations'* 


Active Ingredient 

Sample 

Description 

Hydrocortisone 

Standard 

Hydrocortisone -f- 17-hydroxy- 
1 1-desoxycorticosterone 

Tablets 

Phenobarbital 

Standard 

Phenobarbital 

Tablets 

Phenobarbital + aminophyl- 
line 

Tablets 

Acetophenetidin 

Standard 

Acetophenetidin + acetanilid 

Synthetic mix 

Acetophenetidin -1- acetanilid 

Synthetic mix 

Acetophenetidin 

Synthetic mix 

Acetophenetidin 

Tablets 

Caffeine 

Standard 

Caffeine 

Synthetic mix 

Caffeine 

Tablets 


•Found' 


Added mg. 
or 

Declared 

mg./Tablet 

Ultraviolet 
or Gravi- 
metric, 
mg. 

% 

Infrared 

mg. 

% 

2.02 



2.00 

99.0 

20.0 

s.e” 

43 0 

9.5 

47.5 


11.2'' 

56,0 

10.5 

52.5 

50.0 

48.1 

96.2 

47.3 

94.6 

97.2 

94.4 

97.1 

94.8 

97.5 

32.4 

31.6 

97.5 

32.1 

99.0 

37.0 

37.1 

100.2 

37.4 

101.1 

1.0 



0.994 

99.4 

0.1 

1.0 



0.990 

99.0 

0.5 

37.0 

38.6 

104.3 

38,5 

104.1 

162.2 

146.5 

90.3 

147.0 

90.6 

7.34 

7.27 

99.0 

6.9-7.56 

94-103 

7.36 

7.84 

106.5 

7.75 

105.2 

32.4 

28.6 

88,1 

29.5 

91.0 


o These results are averages of two or more determinations, h Gravimetric. 


In Table II are given some of the K values for the 
selected bands obtained from ethinyl testosterone, 
phenobarbital, acetophenetidin, and caffeine which 
were carried through the given procedures. It is 
seen that, e.\cept for caffeine, the values agree within 
3% with the average values. A maximum of 8% 
variation from the average was shown by caffeine. 
The average K values of duplicate disks of the stand- 
ard compounds were used in the determination of 
the corresponding pharmaceutical preparations. 

The results which are given in Tables III and IV 
were corrected for the recoveries of the standards 
from the described procedures. In Table III are 
seen the results of ultraviolet and infrared deter- 
minations of ethinyl testosterone from recovery 
e.vperiments and from analyses of tablets using the 
described procedure. On the basis of ultraviolet 
and infrared results, a 99% recovery was obtained of 


this compound from the procedure. The analyses of 
several tablets reveal excellent agreement (within 

I- 2%) between ultraviolet and infrared data. 

From Table IV, it is seen that there is a 3.5- 

4.5% variation between the infrared and gravimetric 
determinations of hydrocortisone and of 17-hydrox}'- 

II- desoxycorticosterone. Acetophenetidin. as de- 
termined by infrared, agreed within 1% with those 
results determined by ultraviolet spectrophotometry. 
Analyses of quantitative mixtures of this compo~i 
with acetanilid showed 99% of the amount adrsa. 
A 100% recovery was obtained when standard ars- 
tophenetidin was carried through the serarariar 
procedure. 

The greatest disparit}' was seen temen; the rd- 
traviolet and infrared detenninatfens -;f 
Aithough a 99% recovery of stamdurd vrs 

obtained by ultraviolet detemdnarStmTriiir^rrrrrv 
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as indicated by infrared determinations varied be- 
tween 94 and 103% As shown in Table IV, when 
an average K value is used, the infrared results from 
the analyses of a synthetic mixture agree within 1 2% 
with ultraviolet results The analj'ses of a tablet 
mixture revealed an average variation of 3 0% 
The fact that this compound became slightly dis- 
colored on evaporation to dryness after the separa- 
tion may explain the larger variations 

Phenobarbital exhibited three spectra when at- 
tempts were made to apply the vibrator-grinding 
procedure Because of this, the hand-grinding pro- 
cedure was used in the analysis of this compound 
Under the described procedure, a single reproducible 
spectrum was obtained Comparison of the 5 88u 
carbonyl band of standard and sample carried 
through the same procedure gave results which 
agreed within 1% of the ultraviolet results In the 
preparation containing aminophyllme, there was a 
1.5% difference between ultraviolet and infrared 
j results The recovery of standard phenobarbital 
from the column was 90% of the amount added 
Attempts to analyze reserpine and ascorbic acid in 
dosage forms were unsuccessful because of the in- 
stability of these compounds 

The effect of crystalline form on the infrared spec- 
tra of solids has been emphasized (1, 6, 20) Since 
the relationship between structure and vibration 
spectrum of a crystalline compound is based on the 
unit cell of the crystal and not on the individual 
molecules (13), it is apparent that the standard and 
sample must have the same crystalline form in order 
to produce identical infrared spectra The methods 
described here insure the use of identical crystalline 
forms for standard and unknown by subjecting them 
to identical treatment The inclusion of the steps 
for removing final traces of solvent and adsorbed 
w’ater from the potassium bromide-compound mix- 
ture eliminates the effects of solvent bands on the 
spectrum 

The results show that the quantitative potassium 
bromide method can be used in the analysis of com- 
pounds of varied types The agreement between 
the added amounts and the amounts detected when 
standards were subj’ected to the separation proce- 
dures is evidence of the excellent recover}' for most 
of the compounds The agreement between ultra- 
violet and infrared results on pharmaceutical prep- 
arations attests to the usefulness of this proceduie. 
Provided anomalous spectra are not encountered, 
the results from analyses of potassium bromide disks 
can provide both quantitative determination and 
qualitative identification 

Because of the time involved in preliminary inves- 
tigation, it is thought that this method will be most 
widely applicable and acceptable for the analyses of 
polar and isomeric compounds which cannot be 


analyzed more easily by combining more conven- 
tional means of determination with identification by 
infrared spectroscopy. 


SUMMARY 


These experiments show that the quantitative 
potassium bromide method can be applied in the 
analyses of compounds of varied origin. In gen- 
eral, the results agree within 1 to 4 per cent with 
the amount added or detected by other means in 
synthetic mixtures and in recovery experiments 
Comparison of standard and sample subjected to 
the same separation procedure, the same solvent, 
and the same grinding regimen give infrared re- 
sults which agree within 3 per cent with those 
obtained from more conventional methods of 
analysis of pharmaceutical preparations. 
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Infrared Analysis of Pharmaceuticals IV 

A Study of the Cinchona Alkaloids in Potassium Bromide Disks 

By ALMA L. HAYDEN and OSCAR R. SAMMUL 


In the course of an investigation into the 
applicability of a quantitative potassium bro- 
mide disk method to various drugs and chemi- 
cals, the cinchona alkaloids, quinidine, qui- 
nine, cinchonine, and cinchonidine were stud- 
ied Under certain experimental conditions, 
possibly due to the formation of dimorphous 
and amorphous forms, anomalous spectra 
were obtained for quinidine and quinine. 
Cinchonine and cinchonidine did not exhibit 
significant variations in spectra under the 
conditions investigated. 

"Decause of the similarity in structure between 
■^quinidine and quinine, and between cinchonine 
and cinchonidine, and because of rotational 
isomerism, the infrared spectra of the two iso- 
mers of each series in carbon disulfide or chloro- 
form solutions (Figs. 1 and 2) are very similar. 
As a result, these spectra are not easily differen- 
tiated, nor do they afford unequivocable quan- 
titative determination when the presence of the 
isomer is possible. 

■ The publication in 1952 (13, 14) of the po- 
tassium bromide disk method has resulted in 
successful applications to compoimds of varied 
origin. However, there have been several re- 
ports (1-3, 6, 10-12) of anomalous spectra ob- 
tained with this method. In general, the origins 
of these anomalies may be placed in four groups : 

(a) formation of pobrmorphic crystalline forms, 

(b) formation of amorphous materials, (c) forma- 
tion of hydrates, and (d) chemical transforma- 
tions or combinations. 

When an attempt was made to apply a quan- 
titative potassium bromide method (7) to four 
cinchona alkaloids, anomalies of groups (a) and 
(b) were indicated with quinidine and quinine. 
Cinchonine and cinchonidine were stable under 
the conditions studied. 


EXPERIMENTAL 

Quinidine was purified by formation of the tartrate 
and the hydroiodide, followed by neutralization, and 
recrystallization from benzene. Quinine was ob- 
tained by formation of the oxalate from the recrj’s- 
tallized hydrochloride, with subsequent neutraliza- 

* Received October 30, 1959. from the Division of Pharma- 
ceutical Chemistry. Food and Drug Administration, Wash- 
■URton, D. C. 

The authors are greatly indebted to Jonas Carol for his 
i^ovicc and criticism throughout this investigation. 

The crystallographic determinations by Arnold Schulze 
ere gratefully acknowledged. 


tion with ammonium hydroxide, and recrystalliza- 
tion from benzene. Cinchonine tvas purified by the 
mercuric acetate process (15), and was recrystallized 
from boiling alcohol or from benzene. Cinchonidine 
was purified by formation of the tartrate and sub- 
sequent neutralization. Recrystallization was ef- 
fected from one part alkaloid in thirty parts benzene 
or in six parts alcohol. The recrystallized alkaloids 
were dried at 105° under high vacuum. Their melt- 
ing points (uncorrected) on a Fisher-Johns melting 
block were: quinidine, 172-173°; quinine, 174- 
175.5°; cinchonidine, 206-207°; and cinchonine 
sublimed with decomposition, about 2-15°. In a 
sealed tube, cinchonine melts at 255°, 

The spectra were obtained with a Perkin-Elmer 
model 21 double-beam spectrophotometer with 
sodium chloride optics. The spectra of the carbon 
disulfide solutions (less than 3 mg. per ml.) were 
determined using a 3-mm. microcell compensated 
with a variable space cell . The spectra of the chloro- 
form solutions (3-10 mg. per ml.) were determined 
with 1-mm. macrocells. 

In general, the potassium bromide mixtures and 
disks for qualitative and quantitative spectra were 
prepared as described (7) from aliquots of a benzene 
or methyl alcohol solution (1.0 mg. per ml.). For 
quantitative determinations, hand-grinding of solu- 
tions for ten minutes or vibrator-grinding of resi- 
dues, which had been heated at 105°, for five minutes 
was employed. The resulting potassium bromide 
mixtures and disks were heated at 105° and the 
spectra were measured. 


RESULTS AND DISCUSSION 

When the four recrystallized alkaloids were dis- 
persed in potassium bromide under moderate condi- 
tions (7), their infrared spectra (Fig. 3) were dis- 
tinctly different. Disks of cinchonine and cin- 
chonidine (Fig. 4) followed the Beer-Lambert law 
within ±3.0% up to a concentration of 0.4% by 
weight at 13.08 and 13.19j«, respectively'. 

Quinidine, recry'stallized from benzene and dried 
at 105° in vacuum, gave spectrum A of Fig. 5 when 
1 mg, was ground for one or two minutes with 200 
rag. of potassium bromide. Spectrum B was ob- 
tained on vibrator- or hand-grinding this mixture 
for five or ten minutes, respectively. In addition 
spectrum B was obtained when quinidine was vibra- 
tor-ground, and the fused product was dispersed in 
potassium bromide under moderate conditions. On 
microscopic examination, this fused product ap- 
peared to be a mixture of crystals and amorphous 
material. 

Continued grinding of form B resulted in partial 
reversion to form A. The rates of the transforma- 
tions varied with the amounts of starting materials, 
the grinding time, and the force applied by hand or 
by the steel balls in the vibrator. In Fig. 6 are 
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Fig. 1, — Infrared spectra of quinidinc (A) and quinine {B) in carbon disulfide. 
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Fig. 2. — Infrared spectra of cinchonine (A) and cinchonidine (B) in chloroform. 


shown some changes in spectrum in the 6-9« region 
with grinding time. 

There have been reports of differences in the spec- 
tra of polymorphic forms of various compounds (4. 5, 
9). Cihapman (4) obtained the lowest melting forms 
of certain glycerides by quenching the liquids to 0°. 
Higher melting forms were detected by heating the 
quenched material or by cooling the liquid, while 
rapidly scanning parts of the infrared spectrum. 

When quinidine was melted under anhydrous 


conditions under vacuum and the melt was quenchedv 
at 0° to —2°. the resulting glassy material was faintly \ 
yellow and gave spectrum B of Fig. 5. On a Fisher- ^ 
Johns melting block, under 10 X magnification, the) 
quenched quinidine showed a transition point with 
partial melting at 74-76°, resolidification and gradual 
opaqueness above 85°, and final melting at 171- 
172°. The transition at 74-76° was not as apparent 
for the ground quinidine. However, spectrum A of 
Fig. 5 was obtained when this material was heated 
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Fig. 3.— Infrared spectra of quinidine (i4), quinine (B), cinchonine (C), and cinchonidine {D) in potassium 

bromide disks. 



Per cent bj' weight X thickness X 10 


Fig. 4. — Calibration curees of cinchonidine at 
13.19/i (A), cinchonine at 13.08m (B), and quinine 
at 8.02m (C) in potassium bromide disks. 

at that temperature for thirty minutes. The 
ground quinidine became opaque above 85° and 


melted at 170-171°. Spectrum A was obtained 
from both final melting materials and from disks of 
form B which were heated at 75° or above. 

Presumablj’, fonn B is produced as a result of 
localized heating and cooling during the grinding 
process. As suggested by Roberts (12), it is possible 
that as the sample is subjected to frictional forces 
during grinding, the local temperature is raised 
above the melting point of the compound. As these 
forces are removed from the crystals, immediate 
cooling might effect a rearranged form which is 
stable up to 75°. At higher temperatures, re- 
arrangement to the crystal lattice of the higher-melt- 
ing form could occur. This view is supported by 
the experiments witli the quenched melt, by tite 
fused condition of quinidine when ground under 
extreme conditions, and by the transition at 74-76°. 

The spectrum of form B is someivhat similar to 
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Fig. 5 — Infrared spectra of quinidine hand-ground (A)^ and vibrator-ground or quenched melt (B) 

in potassium bromide disks. 
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Fig. 6. — The 6-9^ spectral region of quinidine in potassium bromide disks after grinding for one minute 
(A), fifteen minutes (B), thirty minutes (C), forty-five minutes (D), and after melting and quenching (£)■ 


those of quinidine recrystallized from 95% ethjd 
alcohol and from water (Fig. 7). Therefore, the 
similarity' of its spectrum to those of disks of quinine 
and of quinidine and quinine in solution is not con- 
stnied as the result of amorphous material alone in 
the ground or quenched quinidine. When the 
crystalline solvates were dried at 105° in vacuum, 
there was a loss in weight equivalent to 1 mole ethyl 
alcohol and I'A moles of water, respectively, and 
reversion to form A . Crystallographic examinations 
of these compounds were incomplete; only the or 
and r refractive indexes were determined. Al- 
though the a or -y refractive index of the solvates 
and those of form A were different, the indexes of 
form B were similar to those of form A. 

Hydrate formation, as an explanation of spec- 
trum B of quinidine, was ruled out when the 
ground or quenched material was dried at 105° 
under vacuum for three hours with reversion to form 


A without loss in weight. Compound decomposi- 
tion or structural rearrangement is unlikely because 
of the ease of conversion from one form to the other. 
In addition, the appearance of form B on melting 
and quenching, the final melting point of the re- 
verted quinidine, and the optical rotation values 
shown in Table I, make the possibility of significant 
decomposition or rearrangement remote. 


Table I. — Optical Rotation Values 


Sample 

(cr)jj in Absolute 
Ethanol, 24°C. 

Quinidine 

-1-258° 

Quinidine grind 

-f253° 

Quinidine melt 

-f-257° 

Quinidine melt heated 

-1-254° 

Quinidine. EtOH 

-t-253° 

Quinidine. I'/j HjO 

-F259° 
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?ig. 7. — Infrared spectra of quinidine recrystaUized from 95% ethyl alcohol (A), and from water (B) 

in potassium bromide disks. 
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Fig. 8. — Infrared spectra of quinine moderately ground {A), and vigorously ground or melted and 

quenched (B) in potassium bromide disira. 

Although the presence of dimorphous material in Somewhat less spectral variations were encoun- 
form B is indicated, an uncquhmcable assignment tered with disks of quinine (Fig. 8). The grind and 
must await additional information, including com- the quenched melt were obtained under conditions 
plete crystallographic data. However, as the rela- similar to those described for quinidine. However, 
tionship between the structure and vibration spec- the transformations were controlled by hand-grind- 
tnim of a crystalline compound is based on the unit ing and by heating disks of quinine at temperatures 
cell of the crystal (8), the observed differences be- above 75°. The relationship between absorbance 
tween the two spectra of quinidine are undcr|mndr_^ at 8J92ii^and eflecti\;e concentration is shown in 
able. 
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It has been suggested (1) that the occurrence of 
polymorphism with the potassium bromide method 
is related to the crystal energy of the compound and 
to the stability of the polymorphic form Sig- 
nificantly, the spectrum of the quenched melt of 
cinchonine is identical u ith that of the recrystallized 
alkaloid Except for increased absorbance at 10 92/i 
at the expense of the 1 1 05.'i band, the spectra of the 
quenched melt of cmchonidme and the starting 
material were the same There were no significant 
changes m the spectra of these two alkaloids after 
vibrator-grinding for periods up to forty-five 
minutes The st.ibihty of acetophenetidm tin p 
135°) and amobarbital (m p 158°) (7), under the 
given experimental conditions, reveals that spectral 
variations are not dependent on melting point 

Some attempts to control the conversion of quini- 
dme by reducing the grinding time and force, and 
by vibrator-grinding at 80° were not quantitatively 
reproducible Work is in progress on a method of 
determination by ultraviolet or infrared spectro- 
photometry and identification by infrared spectros- 
copy of potassium bromide disks 

SUMMARY 

Dimorphous and amorphous forms of quini- 
dine and quinine are indicated when these com- 
pounds are ground with or without potassium 
bromide By heating quinine-potassium bromide 
mixtures and the resulting disks, a linear relation- 


ship between absorbance and concentration 
times thickness is obtained. Quantitative de- 
terminations of quinidine in potassium bromide 
are variable 

Cinchonine and cinchonidine do not exhibit 
significant spectral variations under the ex- 
perimental conditions. Their disks follow the 
Beer-Lambert law at concentrations up to 0 4 
per cent by weight 
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Preparation of Tritium-Labeled Halothane 
(2-Bromo-2-chloro-l,l,l-trifluoroethane)* 

By CALVIN HANNA 


Halothane was labeled with tritium (Wilz- 
bach method) by exposure to 2.3 curies of 
tritium gas for fourteen days. The one hy- 
drogen of the molecule was labeled and on 
purification gave a final specific activity of 2.9 
me. per Gm. In the preparation a consider- 
able amount of ‘loose’ tritium and highly 
active impurities were separated and the 
purity of the final product following gas 
chromatographic purification was better than 
99.9S per cent. 

T Tai.othane' (CFs-CHBrCl) is receiving at- 
-*■ tention as a new general anesthetic agent 
(1). This compound gives fast inductions and 

* Received No\ ember 27, 1959, from the University of Ver- 
mont, College of Medicine, Burlington 

This investigation was supported by a senior research fel- 
lowship, SF-150. from the Public Health Service 

J Fluothane is the registered trade name of halothane of 
Ayerst Laboratories, Inc . New York, N Y. 


recoveries and has been used safely in over five 
thousand patients (2) Due to the anesthetic 
potency of this material the inhaled concentra- 
tion should not exceed two per cent (2) which 
means rather low blood levels for an anesthetic 
agent. Due to the chemical stability of halo- 
thane the chemical procedure for its determina- 
tion in blood and tissues is difficult and time con- 
suming (3) An alternate approach to this prob- 'y 
lem is to use isotopically-labeled halothane as a 
tracer in designing and testing new methods for / 
its determination Tritium-labeled halothane 
was prepared by the Wilzbach method (4) and 
this report covers the purification and determina- 
tion of the chemical purity of the final labeled 
product. 
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PROCEDURES 

Tritiation. — Two and one-half milliliters of halo- 
thane (Fluothane, Ayerst Laboratories, Inc , New 
York, N. Y , containing 0.01% thymol and less than 
0 005% impurities) was sealed in a 20-ml. round- 
bottom flask (fitted with a break seal), with 2 3 
curies of tritium gas at 27° and 0 39 atm for four- 
teen days The flask was cooled in liquid nitrogen, 
opened and the excess tritium gas pumped off. The 
remaining radioactivity was 85 me of tritium per 
ml. of halothane. 

Purification. — The flask was resealed and a 
ground-glass joint fused to the open end of the break 
seal. A long condenser was attached and 20 ml of 
ice cold water was poured into the condenser. 
Halothane is very volatile and this heavy liquid was 
kept under water in the cold After the flask was 
cooled the break seal was smashed with a long glass 
rod through the condenser. The contents of the 
flask were shaken for one hour and a sample of the 
organic laj^er was assayed, giving an activity of 18 
me. per ml , with the remaining activity being in the 
aqueous layer. 

For purification a 1-ml aliquot of the organic 
layer was mixed with 9 ml of nonlabeled halothane 
under 10 ml of cold water After extracting the or- 
ganic layer with four additional 10-mI aliquots of 
water in order to remove anj' remaining loose 
tritium, the organic layer ivas again assayed, giving 
a specific activity of the diluted material of 1 4 me. 
per ml Next the organic layer was washed with 10- 
ml. aliquots of dilute hydrochloric acid, dilute 
sodium hydroxide, and finally with water. The 
organic layer was then distilled from 20 ml of water, 
giving an activitj' of 1 0 me per ml. A sample of 
this was subjected to gas chromatographic separation 
and analysis The organic layer was fractionated by 
one pass through a dinonyl phthalate column 
(stage 1) and then by two passes (stages 2 and 3) 
through a polyethylene glycol column The results 
were as follows: 

(o) Stage 1, ‘light’ fraction (at 2% of the total 
volume) containing halothane with normal halo- 
thane impurities 

(6) Stage 1, ‘heavy’ fraction (at 1% of the total 
volume) containing halothane \vith any impurities 
of longer retention time The main fraction in 
stage 1 was refractionated 

(c) Stage 2, ‘heavy’ fraction (at 10% of the total 
volume) containing water, impurities, and halo- 
thane The main fraction from stage 2 was refrac- 
tionated. 


(d) Stage 3, ‘heavy’ fraction (at 2% of the total 
volume) containing traces of halothane, impurities, 
and water. 

(c) Stage 3, ‘main’ fraction (at 85% of the total 
volume) containing chromatographically pure (less 
than 0 005% impurity) halothane 

Of the total radioactivity in the fractioned sample 
(a) had 29%, (5) 14%, (c) 2%, (d) trace, and (e) 
the main fraction 55% The specific activity of the 
original halothane before dilution was 2 9 me /Gm. 
The purity of the diluted (1 ; 10 v/v) halothane was 
better than 99 995%, or the purity of the original 
product was better than 99 95% 

Counting. — Halothane-tritium was counted in a 
liquid scintillation counter (Packard Tri-Carb) using 
toluene-tritium as the internal standard. The 
counting solution was composed of 4 Gm./L. of 
DPO (2,5-diphenylo\azole) and 100 mg./L of 
POPOP [l,4-di(5-phenyloxazolyl)benzene] in tol- 
uene 

DISCUSSION 

Some of the original activit 3 ’ could have been due 
in part to the labeling of the thymol 0 01% and 
traces of normal halothane impurities of less than 
0 005% The thjmiol should have been removed 
during the repeated washings and on distillation. 
Some halothane was lost with the repeated tvashings 
since the solubility at 20° in water is 3 45 mg /ml. 
To reduce this loss the extractions were carried out 
in the cold at near 0° and in the final step excess 
water was separated mechanically by freezing in a 
dry ice-acetone mixture with the organic laj'er being 
decanted from the ice crystals The vapor pressure 
of this liquid presents problems in purification since 
it is quite volatile and must be transferred to pre- 
cooled equipment The vapor pressure follows the 
equation log p = 7 689 — (1555/T), where p is in 
mm Hg and T is in absolute temperature units 

The diluted halothane-tritium can be counted in 
a liquid scintillation counter at 22% efficiencj’ and it 
can be assayed in concentrations of less than 0 1 
rag with suitable statistical accuracy. This material 
is being used to calibrate an infrared method of 
measuring halothane after it is extracted from blood 
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A Study of Aqueous Medicinal Lubricants* 

By GERHARD LEVYf and T. W. SCHWARZ 


The relation of viscosity and solid concentra- 
tion to the lubricant effect of aqueous solu- 
tions of methylcellulose was investigated. 
Lubricity increased directly with solid con- 
centration, while the high viscosity at greater 
methylcellulose concentrations prevented any 
further lubricity increase. Glycerin, poly- 
ethylene glycol 400, and propylene glycol are 
effective lubricants over a wide concentration 
range under the conditions tested. 


' I ^HE FORMULATION of aqueous jellies and liquids 
designed to reduce the friction as well as the 
resulting pain and trauma encountered when in- 
serting various devices into anatomical passages 
involves a consideration of the qualitative and 
quantitative effect of potential constituents on the 
lubricating property of the final product. In 
addition, the relationship between the rheologic 
characteristics of the product and its lubricating 
property must be established. 

We have recently described a method for the 
measurement of the lubricating property of 
medicinal products by means of a specially de- 
signed instrument, the lubrimeter (1). The pres- 
ent report deals with a study of aqueous medic- 
inal lubricants and the effect of viscosity, con- 
centration of hydrocolloid, and addition of a 
polyol on lubricating property. 

Friction, the resistance to motion when one 
solid body slides over another, is due to the 
junctions formed at the regions of real contact 
between the two bodies (2). Such areas of con- 
tact are very small relative to the actual surface 
area and involve only the tips of the asperities 
that are found on even the “smoothest” of sur- 
faces. Ordinarily, the real area of contact is 
determined primarily by the load and the yield 
pressure of the materials and is not dependent on 
surface area. In the case of elastic or visco- 
elastic materials such as polyethylene or epi- 
thelium, the area of contact is no longer directly 
proportional to the load and as a result, the co- 
efficient of friction increases as the load is reduced 
(2). For this reason, it is important that me- 
dicinal lubricants be tested under much lower loads 
than those utilized in evaluating engine lubricants. 

A basic law of friction states that it is propor- 
tional to the load between surfaces. This law. 


* Received August 21, 1959, from the University of Cali- 
■ornia School of Pharmacy, San Francisco 22. ^ ^ 
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^^Present ad^ress^ University of Buffalo, School of Phar- 
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however, holds only for dry friction, where the 
opposing surfaces are free of any film (3). It 
does not directly apply to skin and mucous mem- 
branes, another reason why the load must be 
kept low enough to be within the range commonly 
encountered in clinical practice. 

For the purpose of this investigation of the 
relationship between viscosity and lubricant effect 
a series of solutions of two grades of methyl- 
cellulose, one a high molecular weight poljoner and 
the other a low molecular weight polymer, were 
prepared and their lubricant effect evaluated. 
The two series of solutions may be expected to 
exhibit one basic type of flow characteristics. The 
individual solutions differ primarily in their vis- 
cosity and solid content. It was also our purpose 
to determine the lubricating effect of polyols, 
such as propylene glycol and glycerin, since these 
substances are common constituents of lubricat- 
ing jellies, liquids, and lotions. The lubricating 
effects of the pure polyols, of their aqueous solu- 
tions, and of methycellulose solutions containing 
a given concentration of a polyol were estab- 
lished. 


EXPERIMENTAL 

Apparatus. — The “Lubrimeter” consists of a 
polished brass roller which is rotated b3' a synchro- 
motor at various selected constant speeds. On this 
roller rests a drum which is covered with ribbed 
polj’eth3dene sheeting. The drum is free to rotate 
around its own axis. The roller is partly immersed 
in a pan that serves as a reservoir for the lubricant. 
As the roller rotates, the drum turns in the opposite 
direction as a result of friction. The torque exerted 
on the drum is a measure of the frictional force and 
is determined b3’ means of selected springs cali- 
brated in grams. A detailed description of the instru- 
ment can be found in our previous report (1). 

Procedure. — The procedure is identical to the one 
previously described (1). The reported friction 
values were determined at 25 ° ± 2.5° and .rere 
average values obtained from two series of six 
determinations each. The difference between the 
average values of the two series was less than 3 %. 

Materials. — The solutions were prepared from 
Methocel 90 HG 4000 and Methocel 90 HG 400 
(hydroxypropyl • methycellulose)' by adding the 
proper amount to distilled water previously heated 
to about 80°. The water contained 0.15% meth3d- 
paraben and 0.025% prop3dparaben as preserva- 
tives. The solutions were then placed in a refrig- 
erator for twenty-four hours. 

Glycerin, propylene gb’col, and pol3’eth3'lene 
gb’col 400 were of U. S. P. grade. 

» Dow Chemical Co., Midland, Mich. 
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Viscosity Determinations. — I’iscosity measure- 
meiits were made witli the Brookfield viscometer, 
model L\'F, at 25°, 60 r. p, in., after ten minutes of 
spindle rotation. The Brookfield viscosity units 
shown in Fig. 1 would, in the case of Newtonian 
/ liquids, represent centipoise. 



Fig. 1. — The relation of viscosity to lubricity. 

• • Methocel 90 HG 4000; O O Methocel 

90 HG 400; A A Methocel 90 HG 4000 with 

propylene glycol 20% v/v. 


RESULTS AND DISCUSSION 

The relationship between the viscositj' and 
lubricant effect of methylcellulose solutions is 
shown in Fig, 1, Curve I represents solutions of 
Methocel 90 HG 4000, while curve II represents 
solutions of the lower molecular weight polymer, 
Methocel 90 HG 400. The rapid initial increase in 
lubricity, indicated in Fig. 1 by a decline of friction 
value, levels off at higher viscosities. In fact, 
curve I indicates a range of maximum lubricant 
effect and a slight decrease in lubricity at viscosities 
above the optimum range It must be recognized 
that quantitatively this optimum range holds true 
onlj' under the conditions of the test, and may vary 
with load and velocity of the moving surface. 

The significance of viscosity in lubrication has 
been studied extensively in the engineering sciences. 
In instances of hydrodjmamic ("full fluid") lubrica- 
tion, the moving surfaces are completely separated 
by a continuous film of lubricant. Since it is gen- 
erally aecepted that there is no slip of the liquid at 
the solid surfaces, the resistance to motion (the 
resisting torque in the lubrimeter) is proportional to 
the coefficient of viscosity (4). If the lubricant 
exhibits Newtonian flow, the resistance to motion 
is also proportional to the velocity at which one 
solid surface moves relative to the opposing surface. 
These relationships are essentially based on New- 
ton’s law of viscous flow. Thus, resistance to 
motion is also inversely proportional to the clearance 


between opposing surfaces. These factors along 
with dimensional considerations constitute Petroff’s 
equation which deals with the resisting torque 
encountered in lubricated bearings (5). This 
equation has been shown to provide reasonably 
accurate estimates of actual friction. 

On the basis of the foregoing discussion, it 
appears that the lower the viscosity of the lubricant, 
the lower the resistance to motion. This is true 
only up to a certain limit. As the viscosity of the 
lubricant decreases, its "load-carrying” capacit 3 ' also 
diminishes, and the distance between the opposing 
surfaces is reduced. If this distance becomes less 
than the height of the surface irregularities, direct 
contact between the opposing surfaces may be 
established and the coefficient of friction becomes 
much larger. The low “load-carrjdng” capacit}' at 
low viscosities and the resistance to motion en- 
countered at high viscosities account for a range of 
optimum viscositj' for lubrication under specified 
conditions. 

The correlation of lubricitj' with the viscosity of 
non-Newtonian liquids, such as solutions of methjd- 
cellulose, is much more complex than the straight- 
forward relation of viscositj’^ of Newtonian liquids 
to their lubricant effect. The rate of shear, to 
ivhich the solutions are subjected when thej^ e.xist 
as a lubricant film between opposing surfaces, tvill 
vary extensivel}' throughout the film because the 
clearance between the opposing surfaces varies 
widely and changes constantly. The viscosity of 
methjdcellulose solutions changes accordingly, since 
the apparent viscositj' coefficient of non-Newtonians 
is dependent on the rate of shear. Our choice of 
shear rate for the determination of viscosity had to 
be arbitrarj’ and, therefore, the correlation of non- 
Newtonian viscosity with lubricant effect can, at 
best, be only descriptive. 

A comparison of curves I and 11 in Fig. I shows 
that, at equal viscosities, the lubricant effect of the 
two grades of methjdcellulose differs markedlj'. 
The solid content of the Methocel 400 solutions is 
much greater than that of the Methocel 4000 solu- 
tions of equal viscosity by reason of the lower 
degree of poljTnerization of the former. Figure 2 
shows a plot of friction values against per cent 
solid content. Significanth’, the lubricant effect 
increased (i. e., friction values decreased) in linear 
fashion with increasing solid content. Moreover, 
there was relatively little difference between the two 
grades of methjdcellulose; they could almost be 
plotted on the same curve. This linear relationship 
holds true up to a certain point, at which a sudden 
cut-off or levelling-off occurs. B.v comparison with 
Fig. 1, it can be seen that this cut-off occurs when the 
viscositj' becomes sufficientlj' high to interfere with 
lubrication. 

The data appear to indicate that the lubricant 
qualitj' of raethj-lcellulose solutions is priraarilj' a 
function of their solid content. High viscositj' as a 
result of increasing solid concentrations limits 
further lowering of the friction value. Bej-ond a 
certain viscositj', lubricity does not increase and 
apparently even decreases, as curve I, Fig. 1 
indicates. 

These observations maj" be e.vplained in the 
light of the e.xperiences gained bj' lubrication engi- 
neers. At low sliding speeds which are representa- 
tive of clinical conditions, the lubricant film raaj' 
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Fig. 2. — The relation of solid concentration to 

lubricity. 9 ^ • Methocel 90 HG 4000; O O 

Methocel 90 HG 400; A A Methocel 90 HG 4000 

with propylene glycol 20% v/v. 


break down and a partial transition of hydrodynamic 
lubrication to boundary lubrication may take place. 
The latter is a condition where the sliding surfaces 
are separated by very thin lubricant films which at 
times may be only a few molecules thick. In this 
case, viscosity is less important as a determining 
factor for lubricity than the chemical constitution 
of the lubricant. 

Effective boundary lubrication requires the 
presence of a layer of lubricant molecules on the 
sliding surfaces. Higher concentrations of methyl- 
cellulose in the lubricant solution should provide a 
more compact surface layer of the hydrocolloid. 
Since equal concentrations by weight of tlie polymer, 
regardless of the degree of polj'merization, will 
provide about the same number of monomer units 
per volume of solution, it may be expected that 
equal concentrations by weight of methylcellulose, 
regardless of molecular weight, will exhibit a similar 
lubricant effect. This was found to be the case in 
our investigation up to the point where high vis- 
cosity interferes with lubrication. 

Figure 3 represents the relation of concentration 
to the lubricant property of aqueous glycerin 
solutions. The graph shows that glycerin is an 
effective lubricant under the conditions tested. 
The lubricant properties increase with concentration, 
but are significant even in aqueous solutions con- 
taining only 20% glycerin. Significantly, the major 
increase in lubricity occurs in the lower concentra- 
tion region when the viscosity changes are minor. 
At higher glycerin concentrations (above 50%), 
the changes in lubricity are not as great, while the 
viscosity increases profoundly. 

An e-xamination of two other polyols commonly 
used as components of medicinal lubricants, pro- 
pylene glycol and polyethylene glycol 400, shows that 
their lubricant effect does not differ significantly 
from that of glycerin under the conditions tested. 
The results are tabulated in Table I. 

Finally, it is of interest to determine, the effect of 
a- polyol when added to a solution of a hydrocolloid 



Fig. 3. — The lubricity of glycerin U.S.P. 
Table I. — Friction Values of Polyols 


Glycerin 

U. S. P. 
Grade, 
Gm. 

22.7 

20% Aq. 
Soln., 
Gm. 

138 

Propylene glycol 

22.0 

141 

Polyethylene glycol 400 

17.9 

130 

Water" 

210.0 



« Added for comparison. 


such as methylcellulose. This is shown by curve HI 
in both Figs. 1 and 2. In both instances, regardless 
of whether friction value is plotted against viscosity 
or solid concentration, it can be seen that the 
lubricant effect increases significantly upon the 
addition of propylene glycol. 

SUMMARY AND CONCLUSIONS 

1,. The effect of viscosity and solid concentra- 
tion on the lubricity of aqueous methylcellulose 
solutions was investigated with the lubrimeter. 
The lubricating effect of selected polyols was 
also investigated. 

2. The results indicate that the lubricating 
effect of methylcellulose solutions increases 
directly with solid concentration, while the con- 
comitantly increasing viscosity becomes the limit- 
ing factor. 

3. Glycerin, propylene glycol, and polyeth- 
ylene glycol 400 are effective lubricants. Pro- 
pylene glycol enhanced the lubricity of methyl- 
cellulose solutions. 
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Ultraviolet Photometric Assay of Thiopental and 
Pentobarbital in Blood and Plasma* 

By STEPHEN 1. OROSZLAN and GERTRUDE D. MAENGWYN-DAVIES 


A procedure for the determination of sodium 
pentobarbital and sodium thiopental under 
rigidly standardized conditions of extraction, 
using Allen’s absorption factor, is described. 
This method makes possible the reliable 
quantitative determination of 1 mcg./ml. or 
smaller concentration differences. In an 
appendix Allen’s absorption factor for 
sodium pentobarbital is derived. 

A CORRECTION FACTOR derived by Allen (1) 
is used routinely in the quantitative spectro- 
photometric estimation of steroids. This ab- 
sorption factor, derived from a reading at the 
peak of absorption and at two wavelengths 
equidistant below and above the peak, can be 
employed when the background absorption is 
linear or nearly linear within the three wave- 
lengths used.i 

It was already reported by Broughton (2) 
that a linear absorption spectrum is obtained 
in blood extracts of approximately pH 13.5 
(in 0.45 N NaOH) in the U. V. region where the 
barbiturates exhibit their characteristic absorp- 
tion maxima at that pH. We therefore in- 
vestigated whether or not a more sensitive method 
for the determination of pentobarbital and thio- 
pental might be devised, under rigidly standard- 
ized conditions, employing Allen’s correction 
factor. 

EXPERIMENTAL 


Procedure 

Preparation of Standard Ciuve for Sodium Pento- 
barbital. — Appropriate dilutions of stock solution 
No. 4 were made in 0.45 N NaOH and read in the 
Beckman DU spectrophotometer in silica cells (1- 
cm. light path; slit width, 0.22; temperature, 22°) 
at three wavelengths, 245, 255 (absorption maxi- 
mum), and 265 mg. NaOH, 0.45 N, served as 
reference solution. Calculations, using Allen’s (1) 
factor, were made as follows: 

r- , ^ 2(5 -i- A-m 

F = A255 2— 

Sodium pentobarbital was determined in the range 
of 5 to 25 mcg./ml. The standard curve, shown in 
Fig. 1, was obtained by plotting F on the ordinate 
against mcg./ml. of the drug on the abscissa. 
Since a straight line is obtained for this plot, it 
obeys Beer-Lambert’s law. 

Preparation of Standard Curve for Sodiiun Thio- 
pental. — This standard curve, also shown in Fig. 1, 
was made by appropriate dilutions of the stock 
solution No. 5 in 0.2 N NaOH, and read against 

0.2 N NaOH as reference solution in the Beckman 
DU spectrophotometer under the same conditions 
as described above. The maximum absorption for 
sodium thiopental was obtained at 305 mp, and 
therefore, two more readings were taken at 295 and 
315 mp. The standard curve for this drug, ob- 
tained in the range of 1 to 10 mcg./ml., was calcu- 
lated as follows: 


Reagents 

1. NaOH stock solution, 50% (w/v). (a) NaOH, 
0.45 N, made fresh daily from NaOH stock solution 
and (b) NaOH, 0.2 N, made fresh daily from NaOH 
stock solution. 

2. Chloroform, reagent grade (certified, Fisher 
Scientific Co.), washed daily with 1 N NaOH and 
distilled water, according to Goldbaum (3). 

3. NaCl, reagent grade (Merck and Co., Inc.), 
0.85% solution. 

4. Sodium pentobarbital (Nembutal Sodium, 
Abbott Laboratories) stock solution (0.4 mg./ml.) 
in 0.45 N NaOH. freshly prepared daily and kept 
refrigerated. 

5. Sodium thiopental (Pentothal Sodium, Ab- 
bott Laboratories) stock solution (0.1 mg./ml.) in 
0.2 N NaOH, freshly prepared daily and used 
immediately after preparation. 

All solutions were made with glass distilled water. 

* Received October 22, 1959, from Gcorcctown University. 
Schools of Xledicine and Dentistry. Washington 7, D. C. 

Aided by Grant B-182S, National Institute of Neurological 
Diseases and Blindness, USPHS. 

* See Appendix. 
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As can be seen from Fig. 1, in the range studied this 
compound also obeyed Beer-Lambert’s law, when 
F was plotted against the drug concentration 
(racg./ml.). 

Extraction from Whole Blood or Plasma. — Dated 
plasma from the blood bank or whole oxalated dog 
blood was used for this purpose. Appropriate con- 
centrations of sodium pentobarbital were dissolved 
in 0.85% NaCl, so that upon the addition of 0.1 ml. 
of the barbiturate to exactlj' 4.0 ml. of plasma or 
whole blood, a final barbiturate concentration of 
50, 40, 30, and 20 mcg./ml. was obtained (samples). 
A reference solution (blank) was prepared by adding 
to a 4.0-ml. aliquot of plasma or whole blood 0.1 ml. 
of 0.85% NaCl. Samples and blank in triplicates 
were e.xtracted with 40 ml. of chloroform in glass- 
stoppered bottles (125 ml.) on a variable speed 
shaker (Arthur H. Thomas Co.), set alwaj's at an 
identical slow speed setting. The bottles were 
shaken for exactly thirty minutes at room tempera- 
ture. The speed and timing was chosen so that 
nearly complete extraction was obtained without 
the formation of emulsions. Most of the chloro- 
form layer was siphoned off with a glass serum lifter 
and filtered through Whatman No. 1 filter paper. 
The initial 2 ml. of the filtrate was discarded, the 
rest collected, and exactly 20.0 ml. of the filtrate re- 
extracted with 4.0 ml. of the 0 45 iV NaOH (pento- 
barbital) or 0.2 F! NaOH (thiopental) in glass- 
stoppered, 25-ml. cylinders by vigorous shaking 
by hand for one minute. After separation of the 
two layers, the barbiturate was determined in the 
clear upper layer as described for the standard 


Table I. — Recovery of Pentobarbital from 
Blood 


Added, 

Recovered, 

Recov’ery, 

mcg./ml. 

mcg./ml. 

% 

50 

49.4 

98.80 

40 

39.1 

97.75 

30 

29.4 

98.00 

20 

20.4 

102.00 


curves and read against 0.45 N or 0.2 N NaOH, 
respectively. The absorption of the blanks was 
determined to insure that the essential eondition 
for the application of the Allen factor (1) (linearity) 
was met. In Table I, a recovery e.xperiment of 
triplicate extractions for whole blood is summarized. 

Comparison of the Sensitivity of This Method 
with Known Methods. — Sodium pentobarbital 
standard curves were prepared in triplicate, accord- 
ing to our method, Broughton’s (2) method, and 
Goldbaum’s (3) method. The results obtained are 
summarized in Table II. 

The readings given are the arithmetic means of 
the triplicate determinations. The overall means 
and standard deviations of the means for 1 mcg./ml. 
of sodium pentobarbital were calculated using all 
results obtained, and are shown in the last two lines 
of Table II. 

DISCUSSION 

It is obvious from our results that Allen’s (1) 
factor (F) can be applied to the quantitative ultra- 
violet determination of barbiturates. An inspection 
of Table II clearly indicates that with the aid of F, 
a far more reliable and sensitive method for quanti- 
tative barbiturate analysis is made possible. The 
error involved for the determination of 1 mcg./ml. 
of pentobarbital, when trying to differentiate small 
concentration differences, is: 10.5% by Gold- 
baum’s method (3), 28.7% by Broughton’s (2) 
method, 12.7% by direct alkaline U. V., and 5.4% 
by our method. Also, our recovery data show an 
average of 99.14% by our method, and 95% by 
Goldbaum’s (3) method, as determined by us under 
carefully standardized conditions of ex-traction pro- 
cedure. We therefore believe that our method, 
using a rigidly standardized extraction procedure 
and employing Allen’s (1) factor for the readings, 
yields a considerably more sensitive and reliable 
barbiturate assay. In our case we read the same 
final solution at three different wavelengths at the 
same pH. By the other methods, further dilutions 
and treatment of the barbiturate solutions to 


Table II. — Comparison of Pentobarbital Standard Curves by 
Different U. V.-Spectrophotometric Methods 


Pento- 

barbital 

Our 

A at 

Absorp- 

Goldbaum's 

Broughton's 

Na, 

Method, 

tion 

Method (3), 


mcg./ml. 

F 

Maximum<i 

Adifr.6 

AdtB.c 

20 

0.113 

0.537 


0.386 

20.4 



0.435 


21 

0.i20 

0.581 


0.409 

21.6 



0.461 


22 

0.i27 

0.607 


0.425 

22.8 



0.479 


23 

o.iss 

0.6^ 


0.427 

24 

0.139 

0.658 

0.501 

0.452 

25 

0.147 

0.697 


0.461 

Mean increase for 

F X 10= = 

.4-55 mp X 10= 

Ana. X 10= 

Adiit. X 10= 

1 mcg./ml. con- 

6.80 

= 32.00 

= 18.33 

= 15.00 

centration in- 
crement 
±S. E. of mean 

X 10= = 

±0.37 

±3.98 

±1.92 

±4.31 


a A = Absorbance at 255 nip at pH 13.5 (in 0.45 rV NaOH). 

I’A.iill (Absorbance difference) = (A at 260 mp at pH 13.5) — (A at 260 mu at pH 10.5). 
c AiMt. = (Absorbance at 260 mp at pH 13.5) — (Absorbance at 260 mp at pH 10.0). 
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obtain a lower pH are necessary, •^vhich might 
account for tlie increase in error. 

No doubt, all barbiturates which can be deter- 
mined by other methods can also be quantitated 
^emplo 5 -ing Allen’s (1) factor in our modification of 
' Goldbaum’s (3) method. This more sensitive 
method may not be necessary for clinical barbi- 
turate determinations, where such small concen- 
tration differences could be overlooked, but in the 
pharmaceutical assay of some preparations contain- 
ing barbiturates and in the pharmacological study 
of barbiturate metabolism this modification might 
prove to be useful. 


APPENDIX 

The arithmetic derivations below support the 
conclusions indicated by the equations which define 
Allen’s factor (1). This factor can be used to cor- 
rect for any quantitative absorption of mixtures 
where one component shows a linear absorption in 
the region where the other component has a peak, 
i. e., barbiturate determination in blood, the resolu- 
tion of mLxtures of some barbiturates, etc. The 
mathematical treatment is a quantitative statement 
of the intuitively obvious. (A)® = absorbance of 
blood extract; (A)^ = absorbance of pure pento- 
barbital-Na; (A)®''^ = (A)''^ + (A)® = absorbance 
of pentobarbital-Na extracted from blood; F = 
correction factor,* with subscripts B, N, BN, 
having the same meaning as the above super- 
1 scripts. 

1 With a linear background absorption (Line 1) and 
' ■ equidistance of a and c from b, we show two identical, 
rectangular triangles with the angle a, therefore 



245 255 265 

Wave Length 

nxfi 


Fig. 2. — ^Diagram for derivation of Allen’s cor- 
rection factor. Line 1, background absorption of 
blood extract in 0.45 N NaOH; curve 2, absorption 
of pure pentobarbital-Na (25 mcg./ml.) in 0.45 N 
NaOH; and curve 3, absorption of pentobarbital- 
Na (25 mcg./ml.) extracted from blood in 0.45 N 
NaOH. 


In accordance with the derivation of Eq. 2b 

(Eq. 6) 


therefore 

Fx = i2b + e + g) - (e + b) (Eq. 7a) 
or 


b = a+ h = c — h 

and 

(Eq. 1) 

Fa = b g 

rr _ (^)'’"265 - (A)®®’oe5 -h (A)®®’,„ 

(Eq. 7b) 

(Eq. 8) 

25 = (a -f- U) + (c — h) 

or 

(Eq. 2a) 

fXB 2 

and by substitution 

b = {a + c)/2 

(Eq. 2b) 

Fbx = (35 -f e -f g) — 

(2a -fd) -1- (2c + f) 

(Eq. 9) 

therefore 


2 

Fb = (A)®n 55 - (-4)®i65 + (A)®;« ^ 


In accordance with the derivation of Eq. 2b 

z 

* 

(Eq. 3) 


(Eq. 10) 

Fx = (A)^55 - 

(Eq. 4) 

therefore 


and by substitution 

Fbx = (3b + e + g) — (25 -h c) 

or 

(Eq. 11a) 

Fat - (25 -f. c 4- g) 

(Eq. 5) 

Fbx = 5 -f- g 

From Eq. 7b and lib 

(Eq. lib) 


* Oo diagram (Fig. 2) the designation of the ordinates 
(A-values) are as follows: (Allies = a; (aI)Bj <5 = c; (/l)^;ss 
' =6; {A)N,a, = fl + d; = c + /; (/1 )^V,h = 2& + 

i + ff.* (lines 4 and 5 cut off a distance from this ordinate 
\ "hich is equal to fc). 

\ Since the absorbances of pure nembutal and the blood 
extract impurity are additive, it follows that: (44)J5iV*ti = 

+ d; (A)BiVj45 = 2c +/; (A)B4Vjss = + e g. 


Fa- = Fbx = b + g (Eq. 12) 
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Effects of Psychopharmacologic Agents on 
Experimentally-Induced Seizures in Mice* 


By GREGORY B. FINKf and EWART A. SWINYARD 



Of seven psychopharmacologic drugs screened by five assay procedures, only 
meprobamate and phenaglycodol exhibited significant anticonvulsant activity. 
Chlorpromazine, promazine, reserpine, and hydroxyzine lowered the threshold for 
minimal seizures variously induced, whereas triflupromazine had no eflfect on seizure 
threshold. The data obtained correlate well with available clinical data and indicate 
the value of threshold seizure studies in animals for detecting agents which may 

cause convulsions in man. 


“rXESPiTE THE CONSIDERABLE attention given 
to both the anticonvulsant and the convul- 
sant properties of psychopharmacologic agents, 
there is a lack of agreement as to the ability of 
these agents to alter the seizure threshold in 
laboratory animals and man. In laboratory 
animals, chlorpromazine has been reported both 
to lower seizure threshold (1, 2) and to exhibit 
anticonvulsant properties (3). In man, reserpine 
has been reported both to increase (4) and to de- 
crease (5, 6) the incidence of convulsive seizures 
in mentally ill epileptics. Furthermore, pub- 
lished experimental data have been difficult to 
compare, because of differences in the techniques 
employed in various laboratories, and because 
the drugs under scrutiny were usually tested by 
only one or two assay procedures. Therefore, 
it was thought important to make a critical study 
of the efltects of selected psychopharmacologic 
agents on experimentally-induced seizures by a 
battery of well-standardized methods. For 
comparative purposes, diphenylhydantoin and 
phenobarbital were also included as classical 
prototype anticonvulsants.^ 

METHODS 


Male albino mice (Carworth Farms, CF No. 1 
strain) weighing 22 to 36 Gm. were used as experi- 
mental animals. They were maintained on Rock- 
land mouse diet and allowed free access to food and 
water except for the short time they were removed 
from their cages for testing The following agents 
were studied: chlorpromazine hydrochloride (Thor- 
azine), promazine hydrochloride (Sparine), tri- 
flupromazine hydrochloride (Vesprin), reserpine, 
hydroxyzine hydrochloride (Atarax), meprobamate 
(Equanil, Miltown), phenaglycodol (Ultran), pheno- 
barbital sodium, and diphen 3 dhydantoin sodium. 
All drugs were given orally in aqueous solution. 


♦ Received August 21, 1959, from the Departments of 
Pharmacology, University of Utah, College of Pharmacy 
and College of Medicine, Salt Lake City. 
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except that meprobamate and phenaglycodol were 
given as suspensions in 6% acacia solution. 

Anticonvulsant Assay Methods. — Anticonvulsant 
potencies (EDsos) were determined by a battery of 
four electrical tests and one chemical test. The tests 
based on electrically-induced convulsions measured 
the ability of a drug to prevent the hindleg tonic- 
extensor component of maximal electroshock seizures 
evoked bj’’ supramaximal current (MES test; 60 
ma. alternating current, 0.2-second stimulus dura- 
tion), to elevate the threshold for minimal electro- 
shock seizures (alternating current, 0.2-second 
stimulus duration) in normal mice (a. c. EST test) 
and in hyponatremic (low-threshold) mice (HET 
test), and to elevate the threshold for low-frequency 
electroshock seizures (1. f. EST) induced in mice by 
unidirectional current delivered at an intensity 
twice threshold (0.2-millisecond duration, 3-second 
stimulus duration, six pulses per second). The test 
based on chemically-induced convulsions measured 
the ability of a drug to afford complete protection 
against seizures evoked by the subcutaneous 
injection of pentylenetetrazol (Metrazol; 85 mg./ 
Kg.; s. c. Met. test). Except that a Grass stimu- 
lator (model S4B) was used for the 1. f. EST test, 
the details of the various procedures, the end points 
emploj'ed in mice, and the characteristics of the 
electroshock apparatus have been described else- 
where (7-9). In addition, the mean neurotoxic 
dose (TDso) and the mean lethal dose (LDjo) were 
determined for each drug. The end point for 
minimal neurotoxicitj’' was muscular incoordination, 
based on inability of the animal to remain for one 
minute on a horizontal rod rotating at 5 revolutions 
per minute. Each drug was tested at the time of its 
peak activit}’ as measured hy the neurotoxicity test. 
For the determination of the EDjo, TDso, or LDoo, 
groups of six or more mice were given various doses 
of drug until at least three points were established 
in the range between 0 and 100% seizure protection, 
minimal neurotoxicity, or mortality'. The results 
obtained were then plotted on logarithmic prob- 
ability' paper and a regression line was fitted to the 
plotted points by' eye. From this plot of the data 
the respective EDio, TDso, or LDm was determined 
and the protective indexes (PI = TDso/EDso) 
were computed; 95% fiducial limits were calculated 
by' the method of Litchfield and Wilcoxon (10). 

Convulsant Assay Methods. — Drugs W'hich lacked 
anticonvulsant activity' were examined for convul- 
sant properties by the three electroshock threshold 
procedures (1. f. EST, a. c. EST, and HET) 
mentioned above, except that the experimental design 
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Table I, — Toxioty and Anticonvulsant Activity of Some Psychopharmacologic Drugs 



Time 

of 

test, 

LDso 

TDso 











Drug 

min. 

mg./Kg. 

mg /Kg 

MES 

a. c. EST 

HET 

1. t. EST 

s. c. Met. 

Diphenylhydau- 

ISO 

490 

84 

14 4 

>200 

37 

25 

>200 

toin 


(295-808)“ 

(74 3-94 8) 

(12 0-17 3) 


(24 6-55 3) 

(16 7-37 S) 


Phenobarbital 

180 

200 

70 

30 

33 

26 

20 

18 5 



(107-2-10) 

(58 3-84 0) 

(23 6-38 1) 

(21 3-51 1) 

(17 3-39 0) 

(13 3-30 0) 

(12.7-26.8) 

Meprobamate 

30 

1.350 

228 

187 

190 

190 

123 

89 



(1,205-1,512) 

(196-262) 

(147-237) 

(152-238) 

(138-260) 

(89.S-168) 

(73 1-119) 

Phenaglycodol 

60 

760 

170 

135 

100 

SO 

73 

59 



(07S-S52) 

(119-241) 

(120-151) 

(62 9-159) 

(57 6-111) 

(50 3-89 7) 

(48 0-72 5) 

Chlorpromazine 

90 

580 

15 7 

261 

>200 

>200 

>80 

>300 



(460-730) 

(10 6-23 2) 

(209-320) 





Promazine 

60 

48S 

23 5 

175 

>200 

>150 

>100 

>150 



(323-727) 

(IS 0-36 9) 

(152-201) 





Triflupromazine 

90 

330 

7.S 

>300 

>200 

>150 

>50 

>200 



(200-512) 

(5 3-11,5) 






Reserpine 

240 

390 

16.5 

>300 

>200 

>200 

>33 

>200 



(265-573) 

(11 6-23 4) 






H)’droxyzine 

30 

515 

490 

>350 

>350 

>350 

>350 

>350 



(464-571) 

(434-553) 







° Values in parentheses are 95% fiducial limits. 


was modified to measure seizure threshold quantita- 
tively. In addition, pentylenetrazol seizure thresh- 
old (i. V. Met.) was measured by the technique 
of Orloff, ct al. (11), as modified by McQuarrie and 
Fingl (12). For each electroshock procedure, 
60 or more mice were randomly divided into two 
equal groups; for the chemoshock procedure, 20 
or more mice similarly were randomly divided 
into two equal groups. One group of mice was 
given the drug to be tested and the other (control) 
group was given the requisite volume of vehicle. 
At the previously determined time of peak drug 
effect, seizure threshold was determined in both 
groups by technique previously described (12, 
13, 14). Results are presented as threshold ratios 
(threshold of drug-treated group/threshold of 
control group). Threshold ratios were determined 
at dose levels equivalent to fractions and multiples 
of the TDsoS of the several drugs 

RESULTS 

The time of peak effect, neurotoxicitj% and anti- 
convulsant activity of the agents tested are sum- 
marized in Table I. The time of peak effect of the 
several agents varied from thirty minutes for 
meprobamate and hydroxyzine to as long as two 
hundred and forty minutes for reserpine. Pheno- 
barbital had the lowest LDso (forty-eight-hour 
observation period) and the two substituted diols 
the highest. The LDsos of the other six drugs 
ranked intermediate to those for phenobarbital and 
/ the substituted diols and in most instances were 
not significantly different from each other. The 
TDms for the nine drugs varied from 7.8 mg./Kg. 
for trifluproraazine, the most neuroto.vic, to 490 
rag./Kg, for hydroxyzine, the least neurotoxic. 
The remaining seven compounds can be divided into 
the following groups ranked in order of increasing 
TDsoS: (a) chlorpromazine, promazine, and reser- 
pine, (b) diphenylhydantoin and phenobarbital, 
and (c) meprobamate and pheiiaglycodol. There 


is no significant difference in the TDsoS of the 
drugs within each group. 

With regard to anticonvulsant activity, only 
phenobarbital and the two substituted diols were 
effective by all five tests. All three drugs were the 
most potent by the s. c. Met. test; the EDsoS 
for phenobarbital, meprobamate, and phenaglycodol 
by this test were 18.6, 89, and 59 mg./Kg., respec- 
tively. Diphenylhydantoin exhibited the lowest 
EDso (14 4 mg./Kg ) in the MES test, was effective 
in nontoxic doses by the HET and 1. f. EST tests, 
but was inactive by the a. c. EST and s. c. Met. 
tests The remaining five drugs, chlorpromazine, 
promazine, triflupromazine, reserpine, and hydrox- 
yzine, were ineffective anticonvulsants by all five 
tests, except that highly toxic doses of chlor- 
promazine and promazine (261 and 175 mg./Kg., 
respectively) abolished the tonic-extensor compo- 
nent of the MES pattern. Reserpine, in fact, in- 
creased the severity of experimentally-induced 
seizures, and many reserpine-treated mice died 
following the convulsions. 

The drugs which were ineffective by tlie five 
anticonvulsant tests were studied for ability to 
lower the threshold for electrically and chemically- 
induced seizures. Threshold ratios (threshold of 
drug group/threshold of control group), as shown 
in Table II, were determined at fractions and 
multiples of the TDso for the phenothiazines and 
reserpine, and at fractions and multiples of the 
LDs (350 mg./Kg.) for hydroxj^zine. Chlorpro- 
mazine significantly lowered 1. f. EST and a. c. 
EST at Vi tlie TDm (7.8 mg./Kg.) and tlie TDjo 
(15.7 mg./Kg.), but it did not alter the 1. f. EST 
at twice the TDso (31.4 mg./Kg.). Promazine 
significantly lowered both 1. f. EST and a. c. EST 
at all dose levels employed, e,\-cept for the a. c. 
EST at Vi the TDjo (11.7 mg./Kg.) the decrease 
was not significant; even at 4 times tlie TD^o 
(94 mg./Kg.) the decrease in 1. f. EST was signifi- 
cant. The other phenotliiazine, triflupromazine, 
had no significant effect on electroshock seizure 
thresholds. Reserpine also lowered electroshock 
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Table II. — Effects of Some Psvchopharmacologic Drugs on the Threshold for Electricall 

AND Chemically-Induced Seizures in Mice 



Dose 



Threshold Ratioso — 


Drug 

mg./Kg. 

1. f. EST 

a. c. EST 

HET 

i. V. Met. 

Chlorpromazine 

7.8 

0.86" 

0.90" 


1.04 


15.7 

0.83" 

0.84" 

0.90 

0.90 


31.4 

0.99 



0.96 

Promazine 

11.7 

0.85" 

o.’gi 


0.80" 


23 5 

0.79" 

0.89" 

0.93 

0.86" 


47.0 

0.84" 



0.90 


94.0 

0.81" 




Triflupromazine 

3.9 

1.04 

i!66 




7.8 

0.93 

1.00 

0.94 

1.02 


15.6 

0.99 



1.05 

Reserpine 

4 1 

0.89 

o!86" 




8.2 

0.71" 

0.79" 

0.93 

0^91 


16.5 


0.88" 


0.76" 


33.0 


0.80" 



Hydroxyzine 

87.5 

o!92 

1.01 


0.79" 


175.0 

0.96 

0.93 

1.04 

0.86" 


350.0' 

0.98 

0.98 




<■ Threshold of drug-treated group/threshold of control group. I> Significant decrease (P < 0.05). ' LDs. 


Table III. — Protective Indexes of Some Antiepileptic and Psychopharmacologic Drugs by Five 

Assay Methods in Mice 


Drug 

MES 

a. c, EST 

Protective Indexes® 
HET 

J. f. EST 

s. c. Met. 

Diphenylhydantoin 

5.8 

c 

2.3 

3.4 

e 

Phenobarbital 

(4. 7-7.3)" 
2.3 

2.1 

(1.5-3. 5) 

2.7 

(2.2-5. 1) 
3.5 

3.8 

Meprobamate 

(1.7-3. 2) 

1.2 

(1.3-3. 4) 
1.2 

(1.7-4. 2) 

1.2 

(2. 3-5. 4) 
1.9 

(2. 5-5. 7) 
2.6 

Phenagl 3 'Codol 

(0.9-1. 6) 

1.3 

(0.9-1. 7) 
1.7 

(0.9-1. 7) 

2.1 

(1.3-2. 6) 
2.3 

(1.8-3. 6) 
2.9 


(0.9-1. 8) 

(0.9-3. 1) 

(1.3-3. 5) 

(1.6-3. 5) 

(1.9-4. 3) 


O PI = TDm/EDm. t Values in parentheses are 95% Oducial limits. ' Inactive by this test. 


seizure thresholds at all dose levels, except that at a 
dose of Vt tlie TDso (4.1 mg./Kg.) the decrease in 

I. f. EST was not significant. In doses up to the 
LDs (350 mg./Kg.), hydroxyzine had no significant 
effect on the electroshock seizure thresholds. None 
of the drugs had any significant effect on the HET 
at the dose levels employed. Promazine was the 
only phenothiazine to have a significant effect on 
the chemoshock seizure threshold. This drug 
significantly lowered i. v. Metrazol threshold at 

II. 7 and 23.5 mg./Kg., whereas chlorpromazine 
and triflupromazine had no effect, even in doses 
twice the TDso (31.4 and 15.6 mg./Kg., respectively), 
Reserpine significantly reduced the chemoshock 
seizure threshold at the TDso (16.5 mg./Kg.) 
but not at V 2 the TDso. Many reserpine-treated 
mice exhibited a maximal seizure immediately 
following the clonic seizure and expired, this rarely 
occurred in mice given other drugs. Hydroxyzine 
also lowered the i. v. Metrazol threshold in non- 
toxic doses of 87.5 and 175 mg./Kg. 

DISCUSSION 

The data presented show a ivide latitude in the 
LDsoS and TDsoS of the nine drugs studied. The 
LDsoS indicate that phenobarbital is the most toxic 
and meprobamate the least toxic, when death is 
taken as the end point. On the other hand, the 
TDsoS indicate that triflupromazine is the most 


toxic and hydroxyzine the least toxic, when minimal 
overt evidence of muscular incoordination is taken as 
the end point. Ratios obtained by dividing the LDm 
by the TDso of each drug indicate tliat the pheno- 
thiazines and reserpine have the highest ratios; 
diphenylhydantoin, phenobarbital, and substituted 
diols have intermediate ratios; and hydroX3’zine 
has the lorvest ratio of the nine drugs studied. 
For example, the ratio for triflupromazine is 42,3; 
in marked contrast, hydrox 3 'zine has a ratio of only 
1.05. These observations emphasize that both the 
LDao and the TDso should be considered when 
estimating the toxicit 3 ' of a new drug. 

Onl 3 ' four drugs, diphen 3 dh 3 'dantoin, pheno- 
barbital, meprobamate, and phenaglycodol, ex- 
hibited anticonvulsant activit 3 L Their relative 
anticonvulsant effectiveness, e.xpressed as protective 
indexes (PI = TDso/EDso), are shown in Table III. 
Diphenylhydantoin has the highest protective 
index by the MES pattern test, but it is ineffective 
by two of the four threshold tests. Phenobarbital,''\ 
meprobamate, and phenaglycodol are effective in 
nontoxic doses by all five tests; hence, the 3 ' e,xhibit / 
Pis greater than 1.0. Thus, in mice, the two sub- '■ 
stituted diols have margins of safety and profiles of 
anticonvulsant activity quite similar to those of 
phenobarbital. These experimental results are in 
agreement with clinical reports which indicate that 
meprobamate (15-17) and phenagl 3 -codol (18) 
are of some clinical value in certain t 3 ’pes of epilepsy. 
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The autieouvulsant data reported heiein corrob- 
orate previous reports on the unique profile of 
action of diphenylhydantoin (7, S, 19) The data 
also agree with our previous experiments which 
I yshow that the two substituted diols resemble 
/ phenobarbital in that they modify both maximal 
' audiogenic and maximal electroshock seizure 
patterns (20) and elevate the threshold for 1 f 
EST and i. v. Met. (13, 14, 21). Other workers 
have also commented on the barbiturate-like action 
of meprobamate (22). Several reports from our 
laboratories have emphasized that diphenylhydan- 
toin is more effective in preventing seizure spread 
than in elevating seizure threshold, whereas pheno- 
barbital both prevents seizure spread and elevates 
seizure threshold (19, 23). Since the substituted 
diols e.xhibit a profile of activity which resembles 
that of phenobarbital rather than diphenylhydan- 
toin, their anticonvulsant activity would seem to be 
due to both mechanisms of action. 

The results obtained by the convulsant assay 
methods agree with reported clinical observations 
that certain of the agents studied can induce seizures, 
and suggest that these tests may be of value for 
revealing seizure-evoking properties of new psycho- 
phamacologic drugs Chlorpromazine, promazine, 
and reserpine significantly lower both 1 f. EST 
and a. c. EST, whereas promazine, reserpine, and 
hydroxyzine lower i. v Met. threshold; all of 
these agents have been reported to cause convulsions 
in man, to increase the frequency of seizures in 
) epileptic patients, or to increase fatalities in patients 
\ undergoing electroconvulsive therapy (24-34). On 
•i > the other hand, triflupromazine had no significant 
effect on either electroshock or chemoshock seizure 
thresholds; in so far as we are aware, this particular 
agent has not been reported to cause seizures in 
man. 


SUMMARY 

Seven psychopharmacologic and two anti- 
epileptic agents were screened by a battery of five 
anticonvulsant assay procedures, and the drugs 
found ineffective were subjected to seizure 
threshold studies to determine whether they had 
potential convulsant properties The mean 
neurotoxic dose and the mean lethal dose of each 
drug were determined. Meprobamate and phen- 
aglycodol were effective in nontoxic doses by all 
five anticonvulsant tests and exhibited a profile of 
activity which resembled that of phenobarbital 
Chlorpromazine lowered the threshold for alter- 
nating current and low-frequency electroshock 
seizure threshold (a. c and 1. f EST) ; promazine 
lowered not only the a. c. and 1. f. EST but also 
the intravenous pentylenetrazol threshold (i. v. 

' Met.) ; triflupromazine had no effect on these 
\ c.xperimental seizure thresholds. Reserpine de- 


creased all three types of seizure thresholds and 
facilitated convulsive activity^. Hy'droxy'zine had 
no effect on electroshock seizure thresholds but 
lowered the i. v. Met. threshold. It was con- 
cluded that the several tests employed have only 
limited value for screening potential psychophar- 
macologic agents, but that they are definitely 
useful for disclosing their neurophannacological 
properties and for detecting any propensity to 
induce seizures in man. 
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The Facilitative Action of Reserpine on Metrazol 
Convulsions When Modified by Iproniazid* 

By L. R. WEISSt, J. W. NELSON, and A. TYE 

The effects of reserpine, iproniazid, and their combination on the convulsive thresh- 
old, facilitative action, and seizure pattern of metrazol-treated mice was investigated. 

The effect of reserpine on metrazol convulsions is a marked decrease in convulsive 
dose which is accompanied by a reduced seizure latency time in the convulsive pattern 
with an increasing facilitative action. Iproniazid was found to increase the con- 
vulsive dose and lengthen the latency interval. Prior treatment with iproniazid 
before reserpine reversed the depressive state produced by the latter agent to that 
of stimulation. This was accompanied by an increased anticonvulsant effect, longer 
latency interval, and absence of a facilitative action. Treatment with iproniazid 
after reserpine failed to elicit these effects. These results are compatible with the 
hypothesis that iproniazid and reserpine produce their effect through a biochemical 
change, the former by monoamine oxidase inhibition and the latter by release of 
norepinephrine and other amines from their storage sites in the central nervous 

system. 


^T*he effects of reserpine on metrazol shock in 
■*' mice were reported by Chen and Bohner (1). 
They found that pretreatment with reserpine 
modified the convulsive pattern by shortening the 
interval between the first sign of clonic move- 
ments and the final tonic extension of the hind- 
limbs in mice. This interval is termed the 
seizure latency time in the convulsive pattern. 
Another observation was the decrease in the con- 
rnilsive threshold which is manifested by a re- 
duction in the dose of metrazol required to pro- 
duce a comparable response. This reduced 
shock threshold and decreased seizure latency 
period appears to be a characteristic of reserpine. 
The central depression seen after reserpine ad- 
ministration, therefore, possesses a convulsive 
component — a contradiction to the classical anti- 
convulsant action of many central depressants. 
Moreover, with a general depression of motor 
activity accompanied bj^ sedation, a marked 
potentiating effect on the h 3 'pnotic action of 
barbiturates and other central depressants is 
commonly seen (2). The nature of this dual 
mechanism involving both hypnotic potentiation 
and convulsive phenomena is still not clear. The 
current belief is that various indole and cate- 
cholamines which are found in the biochemical 
and metabolic pathways within the central 
nervmus system are influenced by the action of 
reserpine (3, 4). The varied actions of reserpine 
are believed to be associated with its ability to 
decrease the content of primary amines (norep- 
inephrine, dopamine, and 5-hydroxytryptamine) 
in the central nerrmus system. 

* Received August 21, 1959, from the College of Pharmacy. 
The Ohio State University, Columbus, 

t Fellow of the American Foundation for Pharmaceutical 
Education, 1959-1960. 

Presented to the Scientihc Section, A. Pli. A., Cincinnati 
meeting, August 1959. 


The use of iproniazid, a monoamine oxidase 
inhibitor, as a tool for investigations in the area 
of brain chemistry has helped to clarify the mode 
by which reserpine may affect the function of the 
central nervous system. It is believed that it 
will elevate the content of primarj' amines in the 
brain (5). Combinations of iproniazid and reser- 
pine can produce central stimulation which is 
characterized by an increase in sympathetic tone, 
tremors, and marked excitation very similar to 
an amphetamine-like action. This phenomenon 
is dependent upon the order in which iproniazid 
and reserpine are administrated and usually 
appears only when iproniazid is given before 
reserpine. Indeed, prior treatment with ipro- 
niazid prevents the stupor and depressed state 
produced by reserpine in mice and other animals 
(6). Iproniazid has been described as a psychic 
stimulant but, like reserpine, it will increase the 
sleeping time of barbiturates (7-9). It has been 
reported to have anticonvulsant properties and 
will increase the convulsive threshold of metrazol 
shock (10). 

These effects indicate a complex interplay 
between central activity and the actions which 
characterize iproniazid and reserpine administra- 
tion. The duration of action of each drug is long 
lasting, seemingly irreversible, and apparently 
noncompetitive with respect to the different 
possible mechanisms of action (11, 12), The 
activity of these drugs persists considerably be- 
yond the time they can be detected in the tissues 
of the brain, blood, and other organs, indicating 
that they produce some unusual change (13). 

The value of metrazol shock for the routine 
screening of anticonvulsant agents has been 
firmly established (14-17). As usually employed 
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this method is based on measuring the ability of 
a drug to raise or lower the chemoshock threshold 
rather than an alteration in the seizure pattern. 
Recentl)’, Toman, ct al. (18), evaluated the 
seizure latency interval in the convulsive shock 
pattern as a screening method for investigating 
antipsychotic drugs. A modification of this 
procedure using metrazol shock has been adapted 
to this problem. 

The commlsive pattern of metrazol seen after 
a challenging dose given intraperitoneally can be 
divided into three stages as described by Orloff, 
et al. (14). First, a sharp twitching of the 
animal body which is followed by a series of 
clonic movements and then a stage of depression 
or a resting phase (seizure latency interval). 
Finally, a persistent convulsion occurs which 
consists of a tonic flexor component followed 
immediatelj' by a usually lethal tonic extension 
of the hindlimbs. The three stages follow each 
other as the concentration of metrazol is gradually 
increased in tlie blood stream. The ability of a 
compound to prevent or facilitate the convulsion 
can be measured in terras of the final maximal 
extension as the end point and the latency time as 
the interval between clonic and tonic signs. 
Reserpine does not influence the sequence of 
events in this convulsive pattern. It will modify 
the resting stage, which is considered to be the 
time taken for selective high frequency stimula- 
tion of the motor cortex causing localized repeti- 
tive discharges to spread out to a generalized max- 
imal tonic seizure. It could also be considered a 
period of inhibition of midbrain centers or other 
areas holding the medullary extensor facilitating 
center in abeyance (18). Central depressants 
and adrenergic stimulating drugs will generally 
suppress the tonic extensor phase; barbiturates 
and amphetamine-like agents, and anticonvul- 
sants raise the threshold for this convulsive dis- 
charge. On the other hand, reserpine is found 
capable of facilitating the tonic component, re- 
ducing the convulsive threshold, and shortening 
the seizure latency time. 

In view of the evidence that a relationship 
exists between the action of iproniazid and reser- 
pine on the various biochemical changes produced 
by these drugs in the central nervous system 
especially when coupled with the many pharraa- 
cologic effects associated with their single and 
combined use, an investigation concerned with 
the effects of reserpine and iproniazid on the 
coniailsive tlueshold, changes in facilitation, and 
in the seizure pattern of metrazol shock is re- 
ported and discussed. 


EXPERIMENTAL 

The e.xperimental determinations were divided 
into three series depending on the drugs used (ipro- 
niazid, reserpine, and iproniazid-reserpine combina- 
tions), and was subdivided by various pretreatment 
schedules. Each series consisted of young adult fe- 
male Swiss mice obtained from Maxfield farms 
weighing 20 ± 2 Gm. All animals were kept under 
uniform laboratory conditions and given free access 
to Purina chow and water. The animals were 
starved and housed in isolation cages for eight hours 
prior to metrazol shock. An experimental series 
consisted of 48 animals divided into four groups of 12 
mice, all pretreated in a similar manner with ipro- 
niazid, reserpine, or a combination of both drugs. 
In each series for each pretreatment schedule the 
relative increase or decrease in the shock threshold 
was compared to a control-convulsive dose of metra- 
zol obtained graphically by probit method using four 
dosage levels representing 12 animals per dose (19). 
This convulsive dose of metrazol is the index that 
will produce the tonic hindlimb e.xtensor component 
of the seizure in 50% of the treated animals (CDso). 
A 95% confidence limit is given with the CDso of 
metrazol for each determination. For each group 
of 48 animals (four doses, 12 animals per dose) the 
seizure latencj' time was concurrently measured in 
those animals reaching the tonic extensor end point 
of the seizure pattern and was measured as the time, 
in seconds, between the clonic and maximal tonic 
phases. The mean time of those animals reaching 
the tonic extensor stage was calculated and a 95% 
confidence limit was statistically established using 
the standard error of this mean. The time interval 
between the administration of metrazol and the on- 
set of the clonic stage was found to be appreciably 
uniform with the control. Facilitation was seen only 
in the series of animals pretreated with reserpine and 
was evaluated as the per cent of animals in which the 
resting phase was absent and the convulsion seizure 
passed directly from a clonic to a tonic phase in each 
determination. 

The dose of iproniazid phosphate was ISO mg./Kg. 
given i. p. at various pretreatment inteivals. This 
dose is nonto.vic, produced few positive observable ef- 
fects in mice after five days of daily administration, 
and was established as that dose which will inhibit 
monoamine o.xidase and cause reserpine reversal. 

The dose of reserpine was 8 mg./Kg, given i. p. at 
various pretreatment intervals with iproniazid. 
When given alone the dose was varied as indicated 
below. 

The pretreatment schedule used with each drug or 
combination of drugs was based on reports by other 
investigators and partiall}’ on preliminary findings in 
our laboratory. Iproniazid (ISO mg./Kg.) was in- 
jected at four, eight, twelve, and twenty-four 
hours, and daily for two, three, four, and five days 
prior to metrazol shock. In the latter grouping, 
shock was given twenty-four hours after the last 
treatment. Reserpine (8 mg./Kg.) was injected 
four and eight hours before shock; 4.0, 2.0, 1.0, O.I 
mg./Kg. was injected four hours before shock; and 
0.1 mg./Kg, was given daily for ten days, the last 
dose being twenty-four hours before metrazol 
shock. Combinations of iproniazid (150 mg./Kg.) 
and reserpine (8 mg./Kg.) were injected at various in- 
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tervals before metrazol shock. These pretreatnient 
combinations were iproniazid and reserpine together 
four hours before; reserpine (eight hours) and 
iproniazid (four hours) before; iproniazid (eight 
hours) and reserpine (four hours) before; iproniazid 
(twenty-four hours) and reserpine (four iiours) be- 
fore; iproniazid (daily for two days) and reserpine 
(four hours) before; iproniazid (daily for three daj’s) 
and reserpine (four hours) before; iproniazid (daily 
for four days) and reserpine (four hours) before; 
iproniazid (daily for five da3's) and reserpine (four 
hours) before metrazol shock. 

RESULTS AND DISCUSSION 

This investigation is primarily concerned with the 
effects of iproniazid and reserpine on the convulsive 
threshold, facilitative action, and seizure latencj' 
time. It also compares the relative changes in the 
convulsive dose (CD50) and the seizure pattern under 
similar pretreatment intervals and doses for ipronia- 
zid and reserpine. The results of this study are 
grouped according to the pretreatraent schedule of 
drugs. Figure 1 indicates the responses seen with 
iproniazid pretreatment. Each set of adjacent bars 
represents two different parameters, the CDw 
(mg./Kg.) and the seizure latency time (seconds). 
Figure 2 shows the effects seen with reserpine. The 
facilitative action of this drug is shown as the per 
cent of animals reaching the final tonic end point 
without showing the characteristic latency period 
between clonic and tonic phases of the convulsive 
seizure. Figure 3 represents the combined pre- 
treatment with iproniazid and reserpine. In this 
figure three situations occurred where the facilitative 
action of reserpine was observed. The importance 
of this effect will be discussed below. The net result 
shown in Fig. 3 is that the optimal response in Fig. 2, 
e. g., reserpine (8.0 mg./Kg.) four hours, has been 
superimposed upon the effects of iproniazid seen in 
Fig. 1, making the various interactions of these drugs 
stand out as a function of the pretreatment interval 
which was used with each drug before metrazol shock. 

In Fig. 1, pretreatment with iproniazid in single 
doses showed a moderate increase in the CDop as the 
pretreatment interval was lengthened from four to 
twentj'-four hours. This could be due to the effect 
of inhibiting the enzj'me, monoamine oxidase, and 
the accompanying rise in the level of norepinephrine 
and other amines. Dailj’ doses of iproniazid for 
two, three, four, and five days did not appreciablj' 
change the elevated convulsive threshold and the 
auticonvulsive effect. This would indicate the maxi- 
mal action of this drug on metrazol shock was reached. 
The seizure latency time was similar or raised above 
the control index in all of the pretreatment periods. 
The gross effect was a general lengthening of the rest- 
ing stage of the convulsive pattern with iproniazid 
pretreatment. In summary, the results of this se- 
ries suggest that the convulsive dose and seizure 
latencj' time, while apparentlj- unrelated, seem to pro- 
vide a more accurate picture of the total anticon- 
vulsant effect of iproniazid. 

In Fig. 2 the effects of various doses of reserpine 
(0.1 to 8.0 mg./Kg.) using pretreatment intervals of 
four and eight hours and a ten-da3^ period of daiK^ 
doses (0.1 mg./Kg.) are shown together with the influ- 
ence of this drug on the convulsive dose, facilitatory 



Fig. 1. — The effect of iproniazid on the convulsive 
dose and seizure latenc3' time of metrazol. Pr etrea t- 
mcnt with iproniazid (150 mg./Kg.) CD50 V 1 / I. 
Iatenc3- 1 I. 



Fig. 2. — The effect of reserpine on the convulsive 
dose, seizure latency time, and facilitative action of 
metrazol. • CD50 17^/ 1. latency CZII. 



Fig 3. — The effect of iproniazid and reserpine on 
the convulsive dose, seizure latenc3' time, and facili- 
tative action of metrazol. Pretreatment with 
iproniazid (150 mg./Kg.) and reserpine (8 mg./Kg.). 
CDso ITT-/! , latency I I . 

action, and the seizure latenc3’ time. In sharp con- v 
trust to that of iproniazid, the relative change in the 
convulsive threshold and latenC3' interval seems to ^ 
depend on the change in the dose of reserpine. High / 
doses (2.0 to 8 0 mg./Kg.) lowered the convulsive 
dose almost 50% and the seizure latency time 
dropped 90% below the control level. The results 
tend to show a correlatioiiship between the dose of re- 
serpine and the magnitude of the response, as can be 
observed b3' the stead5' fall in CDjn and latency' time 
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as the dose of reserpine was increased from 0 1 to 8 0 
mg./Kg- This relatiotisliip was also noticed in the 
proportion of animals showing no resting penod, go- 
ing from initial clonic to final tonic convulsion with 
increasing doses of reserpine Extending the pre- 
treatment interval or reducing the dose decreased the 
facilitating effect, raised the CDso, and lengthened 
the latency time Prolonged administration of 0 1 
rag./Kg. of reserpine caused a moderate decrease in 
the C 05 » and latency time with some increased fa- 
cilitative action, perhaps due to the cumulative and 
prolonged effects of this drug. Summarizing the ac- 
tion of reserpine on metrazol shock; facilitation, la- 
tency time, and the convulsive threshold appear to 
be a function of tlie dose of reserpine, the former effect 
changing directly and the latter two changing in- 
versely with the dose of reserpine With this drug, 
the latency interval and the threshold of stimulation 
appear to complement each other as the amount or 
facilitation is increased. These findings with reser- 
pine are in agreement with those of other investiga- 
tors (20, 21). 

In Fig 3, the combined effect of iproniazid and re- 
serpine is pictured as a predominating action of the 
drug which was administered first and the pretreat- 
ment interval between these drugs Essentially, 
prior treatment with reserpine at four and eight 
hours gives much the same results noted in Fig 2 for 
the same dosage and time The anticonvulsant 
properties of iproniazid did not seem to reverse the 
low convulsive threshold, short latency time, and 
facilitatory action to any appreciable extent It was 
observed that all the animals first treated with reser- 
pine were characteristically depressed and remained 
in this state after iproniazid was given In marked 
contrast to these findings are those seen with ipronia- 
zid treatment before reserpine Reference to Fig 1 
shows a striking similarity between the prior treat- 
ment with iproniazid alone and when reserpine is 
given after iproniazid, as observed in Fig 3 These 
animals were stimulated and active approximately a 
half hour after reserpine was added to their schedule 
This adrenergic-t 3 'pe reaction was not apparent in 
those animals treated with iproniazid alone, as in 
Fig. 1. Consequently, an anticonvulsant effect 
was noted with the iproniazid-induced reversal of re- 
serpine stupor. Apparently the protection by 
iproniazid was diminished after twentj’-four hours as 
indicated bj’ the loivered latencj' time and increased 
facihtative action. However, reinforcement with 
dailj' doses of iproniazid restored the anticonmlsant 
effect. The seizure latency time was lengthened and 
a general increase in the convulsive threshold was ob- 
served. The finding that iproniazid has anticon- 
vulsant properties agrees with reports that various 
monoamine oxidase inhibitors, including iproniazid, 
protect against maximal shock seizures (22) The 
onset and duration of this agent seems to coincide 
with the reported rapid and persistent abilitj' to in- 


crease brain levels of norepinephrine and 6-hydro\j'- 
trj'ptamine (23) 

Pretreatment wdth reserpine will lower the level of 
these amines. This would suggest that the anticon- 
vulsant effect of iproniazid and reserpine combina- 
tions are the result of an increased level of amines 
caused bj' pretreatment with iproniazid before reser- 
pine which prevents the destruction of those amines 
released bj'reserpine It follows that the latent con- 
vulsive effect of reserpine is a reflection of the release, 
inactivation, and lowering of the amine level in the 
brain 

While our data do not directlj' support the relative 
importance of monoamine oxidase inhibition and the 
level of norepinephrine and other amines in the con- 
vulsive phenomenon, the results observed in this 
stud}' on the convulsive dose, seizure latency time, 
and facilitating action of iproniazid and reserpine re- 
flect many of the changes produced by these drugs 
Although this would point to these biochemical fac- 
tors as controlling the neurological mechanism, con- 
vulsive seizure and the related convulsive threshold 
it appears very unlikely that the anticonxmlsant and 
conmlsant properties of the many drugs used today 
all depend on the same factors 
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Metal Complexes of Tetracaine Hydrochloride and 
Related Local Anesthetics* 


By HERBERT A. PLATTf and ALFRED N. MARTIN 


The plan of this investigation was to complex 
tetracaine HCl and some related local anes- 
thetics with certain metal ions; and to deter- 
mine the most acceptable complexing metal 
ions, the stability constants of the metal 
complexes under varying conditions, and 
the biological significance of such complexes. 


"V^^iTH THE POSSESSION of functional groups 
such as the secondary aromatic amine, the 
tertiar}" aliphatic amine, and the carboxyl group 
bound in the ester linkage, tetracaine has poten- 
tial coordination centers. 


n-CiHs 
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The expectation was that tetracaine HCl should 
complex with suitable metal ions in the following 
manner; 
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This complexation is somewhat similar to that of 
metals with amino acids. 

Since cations of the transition and near-tran- 
sition metals have the greatest tendency for 
combining with electron donors (1), the following 
ions were selected: copper (II), nickel (II), 
cobalt (II), manganese (II), and zinc (II). 

A rapid qualitative and quantitative method of 
testing for complexation is the pH effect. Quali- 
tatively, the method is both quick and simple. A 
drop in pH results when the protonated form of 
the complexing agent forms a coordination com- 
pound with metal ions. The greater the tend- 
ency for the metal to combine with a given 
coordinating agent, the greater the drop in pH. 
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Quantitatively, it is probably the most accurate 
and reliable method for the determination of the 
stability constants (2, 3). 

EXPERIMENTAL 

Materials. — Tetracaine HCl (U. S. P., Sterling- 
Winthrop Research Institute); procaine HCl 
(U. S. P., Mallinckrodt Chemical Works); buteth- 
amine HCl (N. F., Novocol Chem. Mfg. Co.); 
glycine (General Biochemicals Inc.); DL-a-alanine 
(General Biochemical Co.); ^-alanine (General 
Biochemicals Inc.); and DL-serine (Nutritional 
Biochemicals Co.) were evaluated chromatographi- 
cally and were found to be of a high degree of 
puritj' and could be used without prior treatment. 

Analytical reagent grades of the metal chlorides 
were satisfactory and were used without further 
purification. 

The local anesthetics, procaine HCl and buteth- 
amine HCl, in addition to tetracaine HCl, provideda 
parallel in the relationship between the stability 
constants and the structure of the local anesthetics. 

The amino acids were selected to serve as ref- 
erence compounds for the procedures developed and 
to provide a comparison between the stability 
constants and the structure. 

Procedure. — Using the primarji standard, potas- 
sium acid phthalate, standard sodium hydro.xide 
solutions of approximately 0.2 N were prepared as 
needed in the usual quantitative manner. 

The following is a general outline of the procedure 
used: a ligand hydrochloride or amino acid stock 
solution was freshly prepared containing approx- 
imately 5.0 X 10“^ moles/ml. Five milliliters, 
by pipet, of this stock solution (2.5 X 10~’ moles) 
was mi.ved with sufficient distilled water to give 75 
ml. and was titrated with the standard sodium 
hydroxide (0.50-m!. increments), by buret. The 
pH, at each addition of the base, was determined 
with a Beckman model GS pH meter with fiber- 
type calomel reference and glass (heavy duty) 
electrodes. One milliliter, bj' pipet, of the metal 
stock solution (1 to 10 X 10“^ moles), also diluted 
to 75 ml., was titrated with sodium hydroxide. 

To test for complexation with the metal, 1.00 
ml. of the metal stock solution was added to 5 ml. 
of the ligand stock solution (all samples were 
diluted to 75 ml.) and the resulting solutions were 
titrated as outlined. In certain cases, to prevent 
hydro.xide formation before the titration could be 
carried out (zinc), the titrated samples ivere pre- 
viously acidified by the addition of 5.00 ml. of 
appro.ximately 0.01 N HCl. The titrations were 
conducted in a water bath at 30° ±0.5°; the solu- 
tions were alloived to reach this temperature for 
fifteen to twenty minutes prior to the titration. 
During the titration, the solution ^vas agitated by a 
slightly flattened glass stirring rod driven by an 
air stirrer. The agitation was not severe enough 
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to break tlie surface of the liquid. The pH meter 
was standardized with a buffer solution of pH 7.00. 
All values reported are an average of two separate 
determinations. The precision of the pH measure- 
ments was ±0.02 pH unit. 

All calculations are based on a constant volume of 
75 ml. Disregarding the volume changes, this 
led to an estimated error of 2% in addition to the 
experimental error of about 2%. 

Treatment of Data. — Qualitative .- — Applying Bjer- 
rum’s metliod (4) to a case of equilibrium between 
metal ions and a complexing agent, the following 
examples are presented for the pH titration of 
glycine (Fig. 1) and tetracaine HCl (Fig. 2) in 
the presence and absence of cupric ions. It was 
not found necessary to continue the titration to the 
equivalence point; each curve was carried approx- 
imately to the half -neutralization point. 

Curve I, in Figs. 1 and 2, shows the titration 
curve of a 75-ml. sample of ligand. Curve II 
shows the titration curve of a 75-ml. sample of the 
ligand to which a smaller quantity of cupric ion 
was added. The curve with the metal lies below the 
ligand curve indicating that complexation has 
taken place. The first fiat portion of Curve II 
represents the formation of the complex, the 
sharp rise indicates the completion of the complex 
formation, and the last flat portion represents the 
titration of the excess ligand. 

Calculation of Stability Constants . — Using the 
method of Bjerrum (4), as modified by Calvin and 
Melchior (5), n, the average number of ligand 
molecules bound to a single metal ion, may be 
evaluated from the horizontal distance betw'een 
titration curves I and II, Figs. 1 and 2. This is 
exactly the amount of base consumed in the re- 
actions, and equals the concentration of BH'*' 
bound in the complex 

M+= -t- BH+ + OH" = (MB)+2 + HjO 

(MB)+= + BH+ + OH- = (MB:)+2 -f HjO 

and the overall reaction is 

M+2 + 2BH+ -f- 20H- = (MBj)+2 + 2H20 

where represents tlie metal ion, BH''^ is the 
protonated ligand, and (MB)+^ and (MB;)'*'^ 
are complexed forms of the ligand. It is assumed 
that these are essentially the only reactions re- 
sulting from the uptake of base since the complexing 
agent is present in considerable excess with respect 
to the metal ion. The total moles of the ligand B 
bound, equivalent to the horizontal distance be- 
tween curves I and II, rvhen divided by the total 
concentration of metal, gives the value of n. WTien 
n becomes constant, the maximum for the average 
number of ligand molecules bound to a single 
metal ion is had. At any pH, the value of un- 
bound or free B is calculated from p(B) = —log 
B = pKa - pH - log [(BH+) ,„.,.ci-(NaOH)]. 
In doing so, a series of values of fi and B are ob- 
tained (6). Figures 3 and 4 are graphical representa- 
tions of n plotted against the negative logarithm of 
B, WTitten p(B). Approximate values for ’/• 
log K, where log K is the overall stability constant, 
may be read directly from these formation curves 
at n = 1,0. The data are shown in Table I, 



ml. NaOH 

Fig. 1. — Glycine; pH titration curve in the presence 
and absence of cupric ions. 



ml . NaOH 

Fig. 2. — Tetracaine h 3 'drochloride; pH titration 
curve in the presence and absence of cupric ions. 


RESULTS 

Qualitativelj-, cobalt, manganese, and zinc 
ions did not complex with tetracaine HCl since no 
pH lowering was noted when tetracaine HCl was 
titrated in the presence of these metal ions. Nickel 
complexed to a verj’ limited extent with the ligand, 
tetracaine. 

^Copper showed a tendencj’ toward complexation 
with tetracaine. Since the copper-tetracaine titra- 
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Table I. — Typical Calculation of n and the Stability Constant 


Vol. 49, No. 8 


Moles OH - 
NaOH, = moles B 

pH HsO * ml (bound) n (B) p(B) 

Glycine, 30°, 75-ml. sample, 3.33 X 10~^ moles IL ; Cw^, 6.06 X 10~^moles/L.; NaOH, 2.59 X 10~* moles /ml., 

0 50-ml increment 


3 50 

3 

16 X 10-" 

0 98 

2.53 X lO-" 

0.56 

1.95 X 10““ 

7.71 

4 00 

1 

00 X 10 

1 88 

4 86 X lO-" 

1.07 

5.50 X 10““ 

7.26 

4 50 

3 

16 X 10-“ 

2 52 

6 53 X 10-" 

1.43 

1 59 X 10-" 

6.80 

5 00 

1 

00 X 10-“ 

3 02 

7.83 X lO-" 

1.72 

4.68 X 10“’ 

6.33 

5 50 

3 

16 X 10 

3 27 

8 48 X 10-" 

1 86 

1.41 X 10-® 

5.85 

6 00 

1 

.00 X 10-“ 

3 40 

8 82 X 10-" 

1 93 

4.36 X 10-“ 

5.36 

6 50 

3 

16 X 10 

3 48 

9 02 X 10“" 

1.98 

1.38 X 10““ 

4.86 

7 00 

1 

00 X 10 -’ 

3 52 

9 13 X 10“" 

2 00 

4.36 X 10““ 

4.36 

7 50 

3 

16 X 10-“ 

3 52 

9 13 X 10“" 

2 00 

1.38 X 10“" 

3.86 

8 00 

1 

00 X io-« 

3.52 

9 13 X 10-" 

2.00 

4.36 X 10“" 

3.36 


From Fig 3. V 2 log K was found to be 7 35, and log K = 14 70. The value, n = 2.00, is a maximum for 
the average number of ligand molecules bound to a single metal ion. 

Tetracaine HCl, 30°, 75-ml sample, 3 34 X lO^^ moles/L.; 6 06 X 10-^ moles/L.; NaOH, 2.48 X 10"* 

moles/ml , 0.50-ml. increment 


5 10 

7 94 X 10“' 

1 60 

3 97 X 10“" 

0.87 

1.51 X 10-“ 

4.82 

5 20 

6 

31 X 10““ 

1 95 

4 84 X 10“" 

1.06 

1.82 X 10-“ 

4.74 

5 40 

3 

98 X 10-“ 

2 30 

5 71 X 10“" 

1.25 

2.76 X 10-“ 

4.56 

5 60 

2 

51 X 10““ 

2 55 

6 32 X 10-" 

1.39 

4.26 X 10-“ 

4.37 

5 80 

1 

58 X 10“' 

2 70 

6 69 X 10-" 

1 47 

6.70 X 10-“ 

4.18 

6 00 

1 

00 X 10-“ 

2 85 

7 07 X 10“" 

1.55 

1 02 X 10-" 

3.99 

6 20 

6 

31 X 10 

2 90 

7.19 X 10“" 

1.58 

1.62 X 10-" ■ 

3.79 

6 40 

3 

98 X 10“’ 

2 95 

7 31 X 10“" 

1.60 

2.51 X 10-" 

3.60 

6 60 

2 

51 X 10-7 

2 95 

7.31 X 10“" 

1.60 

3.98 X 10-" 

3.40 


From Fig 4, Va log K was found to be 4.77 and log K = 9.54. 



P (G) 

Fig. 3. — Glycine complex' formation curve. 


tion samples become slightly opalescent in the 
near neutral range, the cupric ions were probabb' 
not tightly bound to the tetracaine molecule and 
were being removed from solution through the 
formation of hydroxo complexes and hydroxides. 
Therefore, it is reasonable to assume that the 
complex formation was limited by the formation 
and solubility of cupric hydroxides 

Compounds having a structure similar to that of 
the tetracaine salt were also tested for their ability 
to complex with the cupric ion; it was found that 
the hydrochloride salts of both procaine and buteth- 
amine formed complexes with copper. 



p (T) 

Fig. 4. — Tetracaine complex formation curve. 

Determination of Stability Constants. — Tetra- 
caine HCl, procaine HCl, butetharaine HCl, glycine, 
a-alanine, ^-alanine, and serine, with and without 
cupric ions, were prepared and titrated as outlined. 
The procedure was then repeated, varying the con- 
centrations of the metal ion. 

The apparent acidity (dissociation) constants of 
the coraplexing agents, as defined by Bronsted (7), 
were determined and are tabulated in Table 11. 
The concentration range of ligands varied from 
1 25 to 2 50 X 10““ moles/sample; therefore, the 
ionic strength of the samples was considered negli- 
gible. The literature values of the pK'a were 
corrected to 30° by means of the correction factors 
given by Albert (10). 
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Tabi-e II. — Apparent Acidity Constants or the 
C oMPEEXiNO Agents" 


Compound 

pK'a 
(Found) ^ 

pK'a 

(Litera- 

ture) 

Reference 

Glycine 

9 69 

9 71 

(8) 

a-Alanine 

9 80 

9.80 

(8) 

j3-Alaniue 

10.45 

10 30 

(8) 

Serine 

9 23 

9 28 

(8) 

Tetracaine HCl 

8 37 

8 33 

(9) 

Tetracaine HCl" 

8.59 



Procaine HCl 

8 99 

9 05 

(9) 

Monocaine HCl 

9 02 




a Comparison between results of this investigation and 
literature values corrected to 30° 

& At ionic strengths of approximately 0 03, except for ® 

« At an ionic strength of approxiniatel 3 » 0 67 


Table HI.- 

— Stability Constants 
With Various Ligands" 

OF Copper 

Copper 


log K 

logK 

Liters- 

Complex 

ii 

Found 

tureJ> ill) 

Glycine 

2 00 

14 7 

15 0 

a-Alanine 

2 03 

15 0 

14 8 

/3- Alanine 

2 02 

12 4 

12 6 

Serine 

2 09 

15 2 

14 4 

Tetracaine 

1 71 

9 6 


Tetracaine' 

1 52 

9 8 


Procaine 

1 53 

10 6 


Monocaine 

1 76 

10 9 



“ At ionic strengths of approximately 0 03, except for ^ 
and « 

Literature value at a low ionic strength (ca 0 01) 

® At an ionic strength of approximately 0 67 


Using the method previously described, the p(B) 
and 5 values were computed. The calculation 
was repeated for eacli concentration of cupric ion 
used, and the stability constant was obtained 
from the formation curve. Table III presents these 
values. The binding of the copper to the drugs and 
amino acids would appear to be of the type previously 
postulated. 

The Binding of Tetracaine HCl to Copper- Amino 
Acid Complexes. — The objectives of this portion 
of the investigation were (a) to determine the pos- 
sible direct complexation of tetracaine HCl witli 
amino acids, and (6) to determine the possible 
mediation of binding b}' metal ions, as Klotz and 
Loh Ming (12) have done. 

Samples of the amino acid-copper complexes, 
glycine, a-alanine, jS-alanine, and serine were 
prepared stoichiometrically in a 2 : 1 ratio and were 
titrated with sodium hydroxide in the presence of 
tetracaine HCl, as was previousb' outlined. 

It was found that the amino acids did not complex 
directly with tetracaine HCl. The second possi- 
bility, mediation binding by the metal ion, was 
indicated since the pH values of the samples of the 
three components, tetracaine HCl -f- amino acid -f- 
cupric ion were lower than in any of the other 
solutions. Using the metliod for the calculation of 
the stability constant, as previously outlined, the 
stability constants and n were calculated (consider- 
ing the amino acid-copper complex as the ‘metal 
ion’). Table IV is a tabulation of the results ob- 
tained with the four amino acids 

Ley (13) has shown that the Cu(Glycine )2 

complex may be altered by the addition of a foreign 

ligand. In this alteration the chelate rings of the 
original compound are opened to yield a complex. 
Therefore, the reaction that occurs between Cu- 
(Glycinc): and tetracaine may be of the type ; 

O 

CH -— yO c! 

i ! + 

C q / '\NHi— CH; 


2 TH+;=± 1Cu(T)-(OOC— CH r- XH j);] -f- 2H+ 

The variation that was evident with /3-alanine, 
may be due to tlie greater distance that exists 
between the amino and carboxyl groups. 


Table IV. — Stability Constants for the Bind- 
ing OF Tetracaine HCl to Copper-Amino Acid 
COMPLE-XES 


Copper-Ammo Acid Complex 

n 

log K 

Copper-glycine 

1 90 

10 3 

Copper-a-alanine 

2 20 

10 3 

Copper-/3-alanine 

1 30 

7 7 

Copper-serine 

2 00 

10 3 


Relationship Between pK'a and log K. — A rough 
proportionality has been found to exist between 
the basic strength of amines and their complex 
forming affinity (14, 15, 18) Martell and Calvin 
(2) state that, in general, characteristics of the 
complex formation are a correlation with the basic 
strength of the electron donor and the effect of 
substitution on the donor 

Accordingly, the degree of binding (stabilitj' 
constant) should be directly related to the dissocia- 
tion constant (pK'a) of the drug as, in fact, was 
found as shown in Fig 5 

It is well established that trace metals often 
play a part in drug mechanism An excess of the 
metal ions can serve to decrease drug action sub- 
stantially by binding with the key dissociating func- 
tional groups. On the other hand, an excess of 
the trace metals maj' allow the drug to ehcit a greater 
effect at its site of action The log K of their copper 



Fig. 5. — Tertiary amine complexes with copper (11) 
in aqueous solution. 
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complexes of the tertiary amines may, therefore, 
be related roughly to the physiological action of 
these agents Accordingly, the knowledge of the 
physical properties and physico-chemical constants 
provides an avenue of approach to drug mechanism 
that could IV ell lead to a more successful prediction 
of biological activity, both qualitative and quantita- 
tive, as well as to give an estimate of the selective 
toxicity of new compounds prior to pharmacological 
screening. 

A Biological Evaluation of the Copper-Tetracaine 
Complex. — The objective of this part of the study 
was to determine whether or not the complexed 
form of tetracaine HCl affected the local anesthetic 
activity of tetracaine HCl Specifically, tetra- 
caine HCl and tetracaine HCl with varying copper 
concentration solutions were tested by means of 
corneal anesthesia and infiltration anesthesia in 
the guinea pig to determine any differences in 
the duration of action and degree of anesthesia 

The guinea pig cornea and mtradermal wheal 
methods were selected for comparing the degree 
and durations of action of the solutions (17, 18, 
19) Both tests are simple, rapid, and sensitive 

For the cornea anesthesia test a 1 00% tetracaine 
HCl solution (solution 1) was prepared The 
various concentrations of cupric ion were so selected 
to remove, theoreticallj , 21% (solution 2), 39% 
(solution 3), and 100% (solution 4) of the tetra- 
caine HCl 

For the wheal test, a tetracaine HCl concentra- 
tion of 0 05% was chosen for comparing the effective- 
ness of the complexed forms The concentrations 
used m the corneal method were diluted 20 times 
with distilled water to a 0 05% concentration 
In both cases, all solutions were freshlv prepared 
before use, and the animals and solutions were 
randomly selected The investigator was unaware 
of the identities of the solutions until the experi- 
ments were completed A statistical evaluation of 
the results is found in Table V 

In the corneal method, no significant statistical 
differences were noted between samples, as com- 
pared to solution 1 In the wheal method, no 
statistical differences were noted with solutions 2 
and 3, as compared with solution 1 However, 
statistical significance was noted with solution 4 
since this result would be had more than 95% 
of the time This would indicate that the presence 
of cupric ions in tetracaine HCl decreased the 
degree of local anesthesia to a slight extent It 
would appear that the presence of cupric ions 
immobilized the aliphatic type amine portion of 
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Table V — ^A Statistical Evaluation of the 
Biological Data 



— 



Std 


Solu 


Std De 

Error 

Mean 

tion 


t Test 

viation ( 

af Mean 

Values 



Corneal Method' 

2 


1 



2 83 

1 00 

12 63 

2 


0 537 > /< 0 5 

3 69 

1 30 

11 75 

3 


0 400 > /) 0 5 

3 36 

1 19 

13 25 

4 


0 391 >> 0 5 

4 65 

1 64 

11 88 



Wheal Method 



1 



6 

92 2 

45 6 75 

2 

1 

470 < 0 2 * > 0 

1 10 

72 3 

78 13 38 

3 

1 

003 < 0 4 > 0 3 8 50 3 

00 10 63 

4 

2 

197 < 0 05 /> > 0 

02 14 

00 4 

95 18 88 


o Using units of 5 min 


the local anesthetic that is thought to exert the 
sensory anesthesia (9) This would support the 
previously postulated mechanism of complevation 
An evaluation of the copper-glycine-tetracaine 
complex by^ the corneal anesthesia test showed no 
statistically significant differences between the 
complexed samples and solution 1 
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The Application of Ae-Analysis to Pharmaceuticals: 
The Determination of EugenoT 

By JULIUS C. DEMETRIUS, Jr.f, and JOSEPH E. SINSHEIMER 


The Ae-method of analysis, which was developed for the investigation of lignins, 
involves the selective modification of a given chromophore in a mixture of chromo- 
phores. This method permits the quantitative determination of a single ultra- 
violet-absorbing compound in mixtures of such absorbing materials. The analyses 
of eugenol in clove oil, in eugenyl acetate, and in two formulations are described as 
illustrations of the pharmaceutical application of this technique. The absorbance 
at 296 mg of an aliquot of the eugenol-containing preparation was determined in 
basic solution. The change in absorbance was then compared to the bathochromic 
displacement of a standard eugenol solution with a corresponding change in pH. 


^ I 'he study of the phenolic compounds of 
various lignins by Aulin-Erdtman (1, 2) and 
by Goldschmid (3, 4) was based in part upon the 
development of "Ae-curves.” In these investiga- 
tions the At-curves were obtained by subtracting 
the absorbances of the U. V. spectra of lignin 
derivatives in solution of low pH from their cor- 
responding spectra in solution of high pH. By 
comparing Ae-curves obtained in this manner to 
those obtained from model compounds in a similar 
manner, both qualitative and quantitative studies 
of phenolic compounds, even in the presence of 
other U. V. absorbing material, were possible. 

The method need not be limited to the batho- 
chromic displacement of phenols in alkaline solu- 
tion. Aulin-Erdtman (5) in a review article 
points out that the A«-method may be applied 
whenever the absorption properties of a given 
chromophore can be modified selectively in the 
presence of a mixture of chromophores. A Ac- 
curve is still obtained by subtracting the spec- 
trum of the starting material from the spectrum 
of the product. The absorbance of any non- 
modified chromophores is thereby cancelled out. 
Thus, in those cases where selective modification 
of the chromophore can be accomplished, Ae- 
analysis has the advantage of the analysis of a 
single absorbing material in a mixture of absorb- 
ing materials without the necessity^ for prior sep- 
aration. 

This technique should have wide application 
to pharmaceutical determinations. It is the 
pmpose of this investigation to apply At-analysis 
to a quantitative pharmaceutical problem. The 
Z' lignin studies involved eugenol as one of the 
model compounds. A direct pharmaceutical ex- 
\ tension of these studies was undertaken in the 
assay of clove oil for its eugenol content and tlie 

* Received AuRUSt 21, 1950, from the College ol Pharmacy. 
University of Rhode Island, Kingston. 

Presented to the Scientific Section. A. Ph. A , Cincinnati 
meeting, August 1959. 

t Present address: Itfead Johnson and Co., Evansville, 
Ind. 


assay of eugenol in a pharmaceutical product. 
In addition, the procedure developed for the 
assay of clove oil %vas tested by its application to 
a sample of eugenyl acetate. 

EXPERIMENTAL 

Ultraviolet absorption spectra and quantitative 
measurements were made with a Beckman, model 
DU spectrophotometer. All quantitative measure- 
ments were the average of six determinations. 
After the first three determinations, the cells con- 
taining the sample solution and blank solution were 
interchanged. 

Materials. — Eugenol (Eastman Kodak Co.) was 
fractionated by vacuum distillation through a 
helices-packed column. The refractive index of 
the purified sample was t?!,'’ = 1.5410. Eugenyl 
acetate (Aldrich Chemical Co.) was fractionated 
by a similar distillation and crystallized from 
alcohol-water. The melting point of the purified 
sample was 30-31°. Clove oil U. S. P. (Magnus, 
Mabee and Reynard, Inc.) had a total phenolic 
content of 87% as determined by the U. S. P. 
XV assay. All other materials were of C. P. 
grade and were used without further purification. 

Determination of Eugenol Spectra. — An ac- 
curately weighed sample of 59 mg, of eugenol was 
diluted with 50% alcohol-water to 250 ml. in a 
volumetric flask, A series of 10-ml. portions of 
tills solution ivas transferred to 100-ml. volumetric 
flasks and diluted to tlie mark witli a series of 
buffer solutions prepared from standard solutions of 
sodium hydroxide and sulfuric acid. The pH of 
each of these eugenol solutions was measured by a 
Beckman Zeromatic pH meter and its U. spec- 
trum determined. In this manner eleven spectra 
of eugenol in solutions ranging from pH 2.5 to 13.5 
were obtained. 

The Determination of A« for Eugenol. — Samples 
of about 50 rag. of eugenol were accurately weighed 
and diluted with alcohol in a 250-m!. volumetric 
flask. One 10-ml. portion of this solution was 
diluted with water and 1 ml. of 1.000 iV sodium hy- 
droxide in a 100-ml. volumetric flask. A second 
10-ml. aliquot of the alcoholic eugenol solution ^vas 
transferred to a lOO-inl. volumetric flask and 
diluted with water and 1 ml. of 0.100 jV sulfuric 
acid. The absorbance of the alkaline solution was 
determined relative to the acid solution in the ref- 
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erence cell at 296 m;x. Blank solutions were also 
prepared, and any relative absorbanee was de- 
termined in a like manner in order to correct for 
any contribution due to solvents and reagents. 
Seven such determinations were made. The 
alkaline solutions were recorded with a pH of 12 0 
± 0.2 and the acid solutions with a pH of 3.0 ± 
0 . 2 . 

The Determination of Eugenol in Clove Oil and 
in Eugenyl Acetate. — Samples of about 60 mg. 
were accurately weighed and placed together with 
3 ml. of I N sodium hydroxide and 15 ml of alcohol 
in a 250-ml. volumetric flask. After the mixture 
was shaken for five minutes at room temperature, 
it was heated in a boiling water bath for fifteen 
minutes. During this time the flasks were shaken 
at five-minute intervals. The flasks were cooled 
to room temperature and alcohol was added to 250 
ml. At the same time a control solution without 
sample was also prepared in this manner. Ten- 
milliliter aliquots of the saponified samples and the 
ontrol were then diluted and buffered; the relative 
y absorbances at 296 m/i were determined essentially 
■-/as described under the determination of At for 
eugenol. The only modification required was the 
addition of 2 ml. of 0.100 N sulfuric acid to obtain 
the desired pH of 3.0 ± 0.2 for the reference solu- 
tion. 

The Determination of Eugenol in Formulations. — 
An aliquot of the formulation was chosen to obtain 
a concentration of about 2 mg. per 100 ml. of eugenol 
in the reference and alkaline solutions. The pro- 
cedure described under At for eugenol was then 
followed. 

Calculations and Definitions. — At for eugenol; 
At = (AA X 164.2 )/c 

Percentage of eugenol; % = (AA X 164.2 X 
100)/(c X At) 

Concentration: c — (AA X 164.2)/At 

Where: At = absorbance at 296 la/i of a lil/ 
solution of eugenol in base less the absorbance of a 
IM solution in acid. AA = the observed ab- 
sorbance at 296 -oift of a given concentration of 
eugenol in basic solution less the absorbance of 
same concentration of eugenol in acid solution, 
c = concentration in Gm./L. 


RESULTS AND DISCUSSION 

Figure 1 represents the spectra of eugenol in (a) 
acid to neutral solution and (b) in alkaline solution. 
As is typical of phenols, there is a pronounced 
bathochromic displacement of both the E and B 
bands and an increase in the intensity of absorption 
of these bands. When the acid spectra is sub- 
tracted from that of the alkaline spectra, the At- 
curve illustrated in Fig. 2 is obtained. 

The same Ae-curve is produced even in the 
presence of other U. V. -absorbing compounds pro- 
vided that these compounds show no response to 
changes in pH. Ae-curves can be used in a manner 
analogous to normal U. V. curves for qualitative 
and quantitative purposes. Thus, the maxima at 
246 and 296 m/i should serve as the basis for quan- 
titative measurements. 

It appears that the 246 mji maximum, because of 
its greater intensity, would be the most useful for 
quantitative measurements. However, in actual 



WAVELENGTH M;j 

Fig. 1. — Ultraviolet absorbance spectra of eugenol; 
pH 7.0; pH 12.3. 



220 240 260 280 300 320 


WAVELENGTH MU 

Fig. 2. — Ac ultraviolet absorbance spectrum of 
eugenol at pH 12.3 with the eugenol speetrum at pH 
7.0 as a referenee. 
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Fig. 3. — Ma.\imum absorbance of eugenol as a 

function of pH; ma.ximum at 296 mu; 

maximum at 246 m/i. 


practice this is not the case, since the 296 
maxima sliowed greater stability with changes in 
alkaline pH than did the 246 m^i maxima and, 
therefore, would require a less critical control of 
pH for quantitative comparisons. The change in 
absorbance of these peaks as a function of change 
in pH is illustrated in Fig. 3. 

To serve as a basis for the quantitative comparison 
of eugenol solutions, the Ae for the 296 mu maxima 
was determined from standard solutions. The 
average of seven determinations gave a value of 
3,886 for a molar solution of eugenol of a pH of 
12.0 ± 0.2 over that of a molar solution of a pH 
of 3.0 ± 0.2 at 296 mti. 

Table 1 is a summary of the results of the determi- 
nation of the percentage of eugenol in a sample 
of clove oil based upon this value for Ar. As a 
partial test of the procedure there is also included in 
Table I the results of the analysis of a sample of 
eugenyl acetate. 

In order to investigate the application of A<- 
analysis to a pharmaceutical formulation the follow- 
ing mouth wash, formula A, was compounded. 



Saccharin, soluble . . . 
Fuchsin, basic. . 
Peppermint oil . 
Eugenol. . . 

Alcohol 

Distilled water to 


0 025 Gm. 
0 005 Gm. 
O.lOOGm. 
0 100 Gm. 
75 00 cc. 
250 00 cc. 


Table 11 presents the results of the analj'sis of this 
solution for its eugenol content. 


Table 1. — Analysis of Eugenol in Clove Oil and 



Eugenyl Acetate 

Sample 

Clove Oil, % 

Eugenyl Acetate. % 
(79 6% Calcd ) 

1 

85 4 

80 0 

2 

83 S 

79 9 

3 

85 7 

81.2 

4 

86 7 

79 5 

5 

86.0 


6 

84 9 


7 

85. S 


Av. 

85 5 

80 2 


Table II — Analysis of Eugenol in Mouth Wash 
Formulas 

Amount 

Formula A, Gm. 

Formula B, Gm. 

present 

0 1004 

0.1124 

Found 1 

0 0980 

0 1090 

2 

0 0980 

0 1107 

3 

0 0997 

0.1104 

4 

0 0976 

0 1101 

5 

0 1001 

0 1094 

6 

0 0972 

0.1103 

Av. 

0 0984 

0 1099 


The above formula was also modified by reducing 
the peppermint oil to 0.06 Gm. and including 0.06 
Gm. of cassia oil which possesses U. V. absorption 
of high intensity. The results for tiie analysis of 
eugenol in the modified formula, formula B, are 
also presented in Table II. 

It should be noted that the U. V. spectrum of 
cassia oil shows a limited sensitivity to changes in 
pH, and results recorded in Table II would have been 
about 10% lower unless corrected for this change. 
That is, the analysis of formula B required that the 
absorbance of a control solution without eugenol 
also be determined and be applied as a correction 
to the analysis of the complete formula. Formula 
B, therefore, demonstrates a limitation of Ar- 
analj’sis: the sensitivity of the other compounds in 
a mixture to the conditions used to modify the chro- 
mophore of interest. This limitation can be 
overcome in the analysis of dosage forms by running 
a control as noted in the analysis of formula B or 
by applying a simultaneous equation determination 
to the A 6-curve. If such corrections cannot be 
applied as, for example, in the assaj' of some natural 
products, the extent of these errors can readily be 
determined and, to a great degree, corrected bj^ com- 
paring the complete Ar-spectrum of mixture to 
that of the standard compound. 
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Psicofuranine: Correlation of Assay Methods in Acid 

Degradation Studies* 

By EDWARD R. GARRETT and LADISLAV J. HANKA 


The unnatural nucleoside, psicofuranine, is 
bimolecularly hydrolyzed by acid to adenine 
and the sugar psicose. Adenine appears to 
reverse the biological activity of psicofura- 
nine in the plate-disk method against S. 
aureus so that standard curves must be pre- 
pared with the same amount of adenine as 
the material to be assayed. When this phe- 
nomenon is accounted for, the chemical and 
biological assays are shown to correlate. 
The kinetic constants for the acid catalyzed 
hydrolysis of the nucleoside have been de- 
termined. 


^ I 'he new antibiotic, psicofuranine (1), has 
been assigned the structure 6-amino-9-D- 
psicofuranosylpurine by Schroeder and Hoeksema 
(2). This structure has also been proposed for 
angustmycin C by Hsu (3). Properties and 
assay methods have been studied (4-14). 

The purpose of this paper is to consider the 
acid catalyzed degradation of psicofuranine, I, 
by hydrolysis to adenine, II, and psicose. III; 

NHJ 

/f% 


HOCH2 

I I CH 20 H 
OH OH 
I 

as measured by both biological (6, 12) and chemi- 
cal (10, 11) assays, and to determine the signifi- 
cance of the correlation between the assay meth- 
ods. 



H 

II 


CeHi-Oe 

III 


experimental 

Kinetics of the In Vitro Degradation of Psico- 
furanine by Acid at 40°. — Sufficient psicofuranine, 
generally 25 mg., previously dried at 60° under high 
vacuum for forty-eight hours, was weighed into a 
tared 25-ml. volumetric flask, and made up to 
volume with the solvent of the appropriate hydro- 
chloric acid concentration (see Table I). This sol- 


Table I. — Rate Constants for the Acid Hy- 
drolysis OF 1 mg./ml.“ Psicofuranine at 40° as 
a Function of Hydrochloric Acid Concentra- 
tion 


Runs 

10 *k 
(sec. 0 

[HCIJx 

pH 

Temp., '’C.S 

1 

0.538 

0.010 

2.13 

40.0 

2 

1.58 

0.025 

1.65 

40.2 

3 

3.89 

0.050 

1.36 

40.2 

4 

6.20 

0.075 

1.20 

40.2 

5 

9.32 

0,100 

1.06 

40.2 

6° 

9.14 

0.100 

1.05 

39.3 

7“ 

8.98 

0.100 

1.06 

39.5 

8° 

8.21 

0.100 

1.05 

39.2 

O'* 

9 17 

0.100 

1.05 

39.4 

10'^ 

9.17 

0.100 

1.05 

39.4 


Except for run 6 at 0.42 mg./ml. and run 7 at 0.01 mg./mt 
Accurate within a run to ±0.05®. 

« Correlated with bioactivity; no apparent reason for low 
estimate of rate. 

d Correlated with bioactivity and run simultaneously ex- 
cept that an initially equimolar amount of adenine was 
added to run 10. 


Yent had been previously equilibrated in the 40° 
constant temperature bath. The resultant solutions 
were placed in the 40° temperature bath and at 
recorded time intervals assayed bj' the procedure of 
Forist (11) which has been applied to the chemical 
determination of psicofuranine in blood plasma and 
serum (10). Prior to the assay a 1-ml. aliquot was 
pipetted into a 5-ml. volumetric flask containing 
sufficient NaOH to slightly over-neutralize the ali- 
quot so as to halt the acid degradation. This solu- 
tion was then diluted with water up to volume and 
the assay procedure applied. 

The rate of acid degradation of psicofuranine 
should be bimolecular, proportional to the psico- 
furanine molarity, [P], and the molarity of the 
hydrochloric acid. The apparent molarity, [HCIIa, 
should be corrected for the amount of psicofuranine 
of pKa' 3.9, determined by the pH at half-neutraliza- 
tion, which provides a true molarity of [HC1 ]a ^ 
lP]o = [HCl] where [P]o is the initial concentration 
of the antibiotic. The pKa' of the hydrolysis prod- 
uct adenine is -almost identical so that the acid 
concentration will not vary throughout the reaction. 
Thus 

-d\P]/dt = kn* {[HCl],, - [P]„| [P] (Eq. 1) 

Equation 1 may be integrated as a pseudo first- . 
order equation so that 

loglPl = - *1/2.303 -f log[P]o (Eq.2) 
where , 

* - *uM[HCl)x - [Pjol (Eq.3) ' 
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Typical plots according to Eq. 2 are given in 
Fig. 1 where the pseudo first-order nature of the 
acid degradation is confirmed by the linearity of the 
plots. The logarithm of the assayed absorbance 
which is proportional to the psicofuranine concentra- 
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Fig 1 — The pseudo first-order plots of psico- 
furanme degradations at 40° m varying molarities 
of HCl at 40 0° The curves, HCl molantj' and 
apparent pH are A, 0 01 M, 2 13, B, 0 025 M, 
165, C, 0 050 M, 136, D, 0 075 M, 120, E, 
0 10 M, 1 05 The absorbance values, A , at 630 mu, 
are proportional to psicofuramne content and are 
the readings determined by the assay procedure of 
Fonst (II) 

tion IS plotted against time The catalytic effect of 
acid concentration is apparent from the increase in 
negative slope uith the increase in hi drochloric acid 
molarity The evaluated rate constants for the 
pertinent conditions used are given in Table I 
If the reaction is truly bimolecular with respect to 
acid and psicofuramne, the apparent first-order rate 
constant at constant hydrochloric acid concentra- 
tion should not vary significantly with psicofuramne 
concentration This point is confirmed by the 
consistency of the apparent first-order rate constants 
at 0 100 M HCl for three different initial concentra- 
tions of psicofuramne (see runs 5 through 10 m 
Table I) The dependence of the apparent first- 
order rate constants, k, on HCl concentration is 
graphically given m Fig 2 according to Eq 3 The 
apparent [HCl] a value when F = 0 is 0 004 which 
agrees well with the psicofuramne concentration at 
1 mg /ml , I e , [P]o = 0 0037 The slope of Fig 2 
IS kit '*' = 0 00374 moles/L /mm The per cent 
purity of the psicofuramne by titration on assump- 
tion of the molecular formula (2) is 96 3% 
Correlation of the Chemical and Biological Assays 
of Psicofuramne, — In an attempt to correlate the 
chemical (10, 11) and biological (6) assays of psico- 
furamne, a kinetic study w as made at 40° in 0 100 ilf 
HCl and aliquots removed and assayed by both 
metliods The aliquots for biological assay were 
immediately neutralized and submitted on the 
basis of 80 y / ml of the original material The same 
psicofuraniiie as used in the study in the same 
slightly saline solutions was used to establish the 
standard cun e for the plate disk assay , i e , zone 
diameter m mm m log concentration A discrep- 



Fig 2 — Rate constants, k in sec for the 
pseudo first order degradation of psicofuramne as 
a function of apparent HCl molarity at 40° 



Fig 3 —Correlation of disk-plate assay against 
S aureus and the spectrophotometric measurement 
on tlie product from reaction of degraded (01,^ 
HCl, 40°) psicofuramne with diphenvJamme 
Cun-e A is based on the standard cuiwe for bioassay 
set up on psicofuramne alone Curve B is based 
on the standard emve for bioassay predicted for 
psicofuramne with the amounts of adenine mesent 
m the aliquots to be assayed Tiie dashed line is 
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ancy became immediately apparent, A plot of 
the potency by biological assay against purity by 
chemical assay showed an intercept not passing 
through the origin (see Fig. 3, curve A), Either this 
was an artifact of one of the assays or a certain 
fraction of the intact nucleoside had no biological 
activity. 

This latter hypothesis and that of an artifact in 
the chemical assay appeared improbable since the 
acid degradations are elegantlj' pseudo first-order 
(see Fig. 1). Also, the chemical assaj' absorbance 
was experimentally shown to be a linear function of 
the concentration of the nucleoside. 

A parallel experiment was again run (runs 9 and 
10, Table I) whereby aliquots of the acid degrading 
psicofuranine were again removed, neutralized, and 
assayed by both procedures. One of these studies 
was as before. An initially equimolar amount of 
adenine, a hydroli'tic product of the acid catalyzed 
psicofuranine degradations, was added to the other. 

The standard curves for the psicofuranine plate- 
disk assay using S aureus are given for these studies 
in Fig 4 where curve A is the curve for psicofuranine 
alone and curve B is for psicofuranine with equi- 
molar amounts of adenine 

The statistics for the regressions of bioassaj’^ on 
chemical assay are given in Table II. If the varia- 
tion about regression is completely assigned to the 
bioassay, the estimated standard deviation of a 
single assay, 5^, is ±10 y/ml for material assayed 
in the range 40-80 y/ml , i. e., an estimated error 
of 12% in bioassay. 

DISCUSSION 

The Apparent Discrepancy Between the Chemical 
and Biological Assays. — The bioassay of aliquots of a 
psicofuranine-0. 1 M HCl solution maintained at 40° 
gave significantly less estimates of potency with 
time than the chemical assay which measured intact 
nucleoside (see curve A, Fig. 3). However, when 
adenine, a product of the hydrolysis, was added to 
the psicofuranine, a diminution of zone size for a 
comparable psicofuranine concentration was ap- 
parent in the standard curves for the plate-disk 
assay. Compare curves A and B in Fig. 4. If the 
point on the psicofuranine standard curve (curve A, 
Fig. 4) of 80 mcg./ml. is assumed as valid for no 
adenine present in the assay of psicofuranine and if 
the point on the equimolar psicofuranine-adenine 
standard curve (cmve B, Fig. 4) of 40 mcg./ml. is 
as assumed as valid for the haif-hydrolyzed psico- ' 
furanine, then curve C, Fig. 4, can be constructed 
which could be the standard curve for assay when 
the levels of adenine in the acid-degraded nucleoside 
are considered. This assumes, of course, logarithmic 
effect on the diminution of zone size bj- the addition 
of adenine. A complete e.xposition of effects will be 
published by Hanka (12). 

When the constructed standard curve C, Fig. 4, 
is used rather than the standard curve A, Fig. 4, 
without adenine, the regression of bioassay on 
chemical assay becomes curve B, Fig. 3, and as per 
the statistics of regression. Table II, this regression 
passes through the origin within experimental error. 
The chemical assay can be concluded as a true 
measure of biologically active psicofuranine. 

Confirmatory evidence was obtained from the 



mm. against the concentration in y/ml. Curve A 
is for psicofuranine alone, curve B is for psicofuranine 
with a molar equivalent of adenine, the curve C 
is the constructed curve to account for the effect 
of adenine on zone size for a given antibiotic con- 
centration when adenine is produced during acid 
catalyzed degradation. 

Table II. — Statistics of the Regression of 
Psicofuranine Content bv the Biological Assav 
(y) against the Chemical Assay (*)“ 


Biological Assay Based on Standard 
Curves 



Psicofuranine 

Psicofuranine 

Corrected for 


Adenine 

Equation of regres- 

Alone 

Effects 

sion, y = mx -f b 

y = 1.46.*: — 

y == 1.22.V 

Standard deviation 

61.2 

- 11.2 

of slope, Sn 
Standard deviation 

0.090 

0.066 

of intercept, Si 

11.4 

8.3 

lS,„ 

0.202 

0.15 

iSb 

Standard deviation 
about regression. 

25.3 

18.5 

•Sv 

14.6 

10.3 

Number of items, n 

12 

12 


o The psicofuranine aliquots were taken at various times 
on degradation in 0.100 M HCl at 40'*. 


paper chromatography of the acid-degraded psico- 
furanine at the point in time when the biological 
assaj' (based on an adenine-free standard curve) 
was zero and the chemical assay was ca. 30% of the 
original nucleoside content. Definite amounts of 
nonhydrolyzed psicofuranine in the magnitude ex- 
pected were separated bj' this chromatographj' and 
coincided in position and color development with 
the psicofuranine controls (5). 

SUMMARY 

The kinetic investigations of the acid catalyzed 
degradations of psicofuranine prove that the 
hydrolysis is bimolecular in acid and nucleoside. 
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Correlation of bioassay and chemical assay 
for psicofuranine produced an estimated standard 
deviation in per cent of assay value of 12 per cent 
for tlie former which must be controlled for 
adenine content. The cliemical assay is a valid 
measure of psicofuranine. Adenine reverses the 
biological activity of psicofuranine as assayed 
by the plate-disk method. 
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A Pharmacologic Study of the Effects of Various 
Pharmaceutical Vehicles on the Action of Orally 
Administered Phenobarbital* 

By MARVIN H. MALONEf, ROBERT D. GIBSON, and TOM S. MIYAJ 


The EDjo-EDss/LDj of phenobarbital sodium orally to rats 5 cc./Kg. was 12(5-190/ 
240 mg./Kg. Constant dosage for this study was 200 mg./Kg. or equivalent. 
Normalcy, instead of righting reflex regained, was used to define termination of 
narcosis. Phenobarbital sodium was more eflScient than phenobarbital when ghen 
in aqueous agar solution-suspensions. Increasing viscosity by increasing sucrose 
concentration of vehicle progressively lengthened induaion time. There was more 
rapid absorption from hypotonic than hypertonic solutions of phenobarbital sodium; 
yet there was less rapid absorption when given 10 cc./Kg. than 5 cc./Kg. using an 
80 per cent sucrose vehicle. A sex and species variation in response was noted. 
Calculations utilizing log transformation data were used to summarize most accu- 
rately results obtained. 


HE PRESENT CONCEPT of an elixir is a clear, 
sweetened hydroalcoholic liquid intended 
for oral use which may or may not contain active 
medicinal agents Considerable attention has 
been given to elixirs as vehicles for drugs but 
most of this research has been purely pharma- 
ceutical in nature, and has had as its goal in- 
creased pharmaceutical elegance rather than 
increased therapeutic efficiency However, See- 
berg and Dille (1) have studied the comparative 
gastrointestinal absorption of barbital, barbital 
sodium, and barbital elLxir in the cat Blood 
levels of barbital were reported one-half hour 
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after oral dosing, but no data as to comparative 
pharmacologic response were presented Hazle- 
ton and Hellerman (2) have conducted a thorough 
investigation of the effects of sucrose, dextrose, 
glycerol, propylene glycol, and ethanol on the 
response of sodium pentobarbital and Metrazol 
administered orally to mice Their work indi- 
cated that the pharmacodjmamics of an elixir 
would be characteristic on!\f for tliat specific 
elixir and dependent primarily upon the pharma- 
cologic nature of the medicinal agent and its 
concentration, and secondariljL upon tlie physical 
and pharmacologic nature of the specific ingre- 
dients that constitute the elLxir vehicle and their 
relative concentrations. Their results were ob- 
tained on mice not fasted prior to testing, and 
consecutive testing was practiced with a minimum 
period of only one week between experiments 
The majority of research on barbiturates has 
been done with tliose classified as ultrashort to 
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iTtermediate in duration of action. Phenobar- 
bital, a long-acting barbiturate, is the most 
widely used barbiturate in this country and has 
a wide variety of uses. Most pharmacologic 
research has concerned itself with the effects of 
barbiturates after their parenteral administra- 
tion, in spite of the fact that most are consumed 
orally. This investigation was undertaken to 
elucidate the pharmacodynamics of pheno- 
barbital elixir U. S. P. XIV (3). 

EXPERIMENTAL 

General. — Nebraska stock white rats were raised 
in the animal quarters of this laboratory from 
Wistar strain rats. After sex-separation at the age 
of four to six weeks, they were permanently num- 
bered and housed in large colony cages. Animal 
quarters were kept at a temperature of approxi- 
mately 25°. Diet consisted of Purina laboratory 
chow checkers and water, both ad libitum. VTiite 
rats termed Manor Farm stock are animals of the 
Wistar strain purchased from Manor Farms, Staats- 
biu-g. New York, and maintained for one month prior 
to test in the animal quarters of this laboratory 
under conditions identical to those described for 
Nebraska stock rats. All rats were tested at ap- 
proximately thirty weeks of age. White mice used 
were purchased from J. C. Landis Co. of Hagers- 
town, Maryland, and were of Webster-Swiss stock. 
They were housed for one week prior to test in the 
animal quarters of this laboratory under conditions 
as described for Nebraska stock rats. Only mice 
within the weight range of 16-22 Gm. were used for 
experimentation. 

Twenty-four hours prior to test, all food was re- 
moved from the cages and the cages were swept 
clear of food particles and feces. Both rats and mice 
were housed in cages with coarse wire screen floors 
that allowed passage of feces. During fasting, water 
was allowed ad libitum. During the test period 
each animal was kept in an individual container and 
water was withheld. Laboratory temperature was 
maintained at 25.5-27.8° during the tests, as animals 
anesthetized with phenobarbital are markedly 
poikilothermic. All animals with loss of righting 
reflex were turned every hour to prevent hypostatic 
pneumonia. Prior to dosing, all animals were 
randomized and weighed to the nearest gram. 
Technique of oral administration was that described 
by Hoick, et al. (4), utilizing a Davol No. 8 feeding 
tube attached to a precision grade syringe. The 
length of feeding tube allowed to enter the rat from 
the apparatus was 120 mm. This length just passed 
into the cardiac portion of the stomach of male and 
female rats of this age and weight. Oral dosing of 
mice was accomplished with a precision grade 
sjTinge attached to a 20-gauge, one and one-half- 
inch needle, the point of which had been cut off, 
edges rounded inward, and polished. Dosage vol- 
ume was 5 cc./Kg. for rats and 20 cc./Kg. for mice, 
unless othenvise stated. 

Positive loss of righting reflex (LRR) was re- 
corded when the animal lay quietly on its side and 
did not attempt to right itself after four consecutive 
hand timnings of the animal. Positive recovery of 


righting reflex (RRR) was noted when the animal 
maintained itself in an upright position and promptly 
resisted four consecutive attempts to place the ani- 
mal first on one side and then on the other. Time 
of normalcy (N) was noted when four consecutive 
attempts by the investigator failed to place first the 
right and then the left hind leg of the rat in an ex- 
tended position back of the animal. Furthermore, 
normalcy was not recorded unless the rat was 
grossly free of ataxia when placed on the floor free to 
roam. Time of death was recorded upon the cessa- 
tion of respiration. After death all animals were 
autopsied. Having once been on test, the surviving 
rats and mice were not used for further experimenta- 
tion. All weighings of drugs were done using an 
analytical balance. Solution-suspensions were pre- 
pared in volumetric flasks of at least 50-cc. capacity 
at 20°, and were administered within twenty-four 
hours after preparation. 


RESULTS 

Phenobarbital Sodium Dose-Response Curve. — 
Documentation of the oral dose-response curve of 
phenobarbital sodium was necessary as a point of 
departure for the following work. Results are 
summarized in Table I. Pooling the male and 
female data the oral narcotic EDso RS calculated by 
the log probit method (5) was 126 mg./Kg. with a 
standard error of ±11.5. Assuming a parallel 
lethal slope, the oral LDso was estimated to be 360 
mg./Kg. The oral therapeutic index (LDjo/EDso) 
and safety index (LDj/EDss) were estimated to be 
2.86 and 1.26, respectively. The 3.36% solution 
used to dose the 168.18 mg./Kg. dosage level was 
about isotonic. The slower induction time seen 
with the next higher dosage group could indicate 
less rapid absorption by the hypertonic 4% solution, 
in spite of the increase in dosage. 

The common end point used to indicate termina- 
tion of narcosis is RRR. However, for long-acting 
barbiturates such as phenobarbital where detoxifica- 
tion rates are slow and excretion rates equally' so, 
this end point tvas not adequate. Animals receiving 
the higher doses of phenobarbital sodium were ob- 
served to have as many as five positive RRR end 
points. The borderline between sleep and nonsleep 
was so narrow that the animals were temporarily 
aroused by minor laboratory noises such as conversa- 
tion, only to return to sleep once the disturbance had 
ceased. Once N was achieved, the rats did not 
relapse. Since the ED95 was calculated to be 190 
mg./Kg., the constant equimolecular dosage adopted 
for all following work was 200 mg./Kg. for pheno- 
barbital sodium and 182.7 mg./Kg. for pheno- 
barbital. At this dosage level any potentiation or 
antagonism of the barbiturate response should be 
apparent. 

Toxicity of Phenobarbital Elixir and Elixir Con- 
trols. — Rats were dosed with phenobarbital elixir 
U, S. P. XIV and appropriate elixir controls as 
shown in Table II. The elixir produced a very 
rapid nonphenobarbital-like induction time with 
death of respiratory arrest following within two 
hours after administration. Animals receiving only 
ethanol slept for an average of almost ten hours. 
Rats receiving the amaranth-glycerol-sucrose blank 
displayed a true loss of righting reflex, followed 
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Table I. — Log Dose Screen op Phenobarbital Sodium Orally to Nebraska Stock Rats 


Dosage, 


Rats ^ 
Per 

Inj -LRR, 

Mean Duration 

LRR-N, 

Time 

Inj -N, 

Inj -Death 

mg /Kg. 

Sex 

Group 

min 

hr. 

hr 

hr <» 

84.09 

M 

5 






F 

5 





100.00 

M 

5 






F 

5 

164(2)" 

98 (2) 

12.6(2) 


118 92 

M 

5 

113(3) 

11.4(3) 

13.3(3) 



F 

5 

111(5) 

11 3(5) 

13.2(5) 


141.42 

M 

5 

69 (2) • 

14.0(2) 

15 1(2) 



F 

5 

104 (3) 

14.4(3) 

16 1(3) 


168.18 

M 

5 

03 (3) 

21 8(3) 

22.9(3) 



F 

5 

87(5) 

21 2(5) 

22.6(5) 


200 00 

M 

5 

76(5) 

24 1(5) 

25.3(5) 



F 

5 

137 (5) 

25 5(5) 

27.7(5) 


237.84 

M 

5 

49(5) 

<40.7(5)' 

<41.5(5) 



F 

5 

54(5) 

<35 6(5) 

<36 5(5) 


282.84 

M 

5 

64(5) 

<40.9(4) 

<42.0(4) 

2.2(1) 


F 

5 

44(5) 

<44.2(4) 

<45 0(4) 

3 3(1) 


® Death by respiratory arrest 

^ Figures in parentheses represent the number of rats upon which the meani s based, 
c < Designates equal to or less than 


Table II. — Phenobarbital Elixir and Various Elixir Controls Orally to Male Nebraska Stock 

Rats” 



Rats 


Mean Dt 

iration Time 


s 



Per 

Inj -LRR, 

LRR N, 

LRR-Death, 

Inj -Death, 



Test Preparation 

Group 

min 

hr 

hr & 

hr & 

A F c 

N F "I 

Phenobarbital eli.\ir 

10 

13(10)' 


1 5(101 

1 7(10) 

10 

9 

15% Ethanol in water 
Sweet orange peel tinc- 

7 

7(7) 

9 8(7) 





ture in water 

7 







Amaranth-glycerol - 
sucrose in water 
Amaranth-sucrose in 

7 

53(7) 


0 2(7) 

1 1(7) 

7 

2 

water 

7 







45% Glycerol in water 

7 

55(7) 


>0 04(7)“' 

1.0(7) 

5 

2 

90% Glycerol m waterf 

7 

183(7) 


>0 07(7) 

3 1(7) 

6 

1 


“ Phenobarbital dosage as the elixir was 182 7 rag /Kg Dosage volume for the first six test preparations was 45 7 cc /Kg 
^ Death by respiratory arrest Death for all animals receiving glycerol was preceded by clonic convulsions 
® Number of rats with anal flow of test solution noted pnor to death 
Number of rats with nasal flow of test solution after death 
* Figures in parentheses represent the number of rats upon which the mean is based. 

/ Dosage volume was 22 8 cc / Kg 
P > designates equal to or greater than 


shortly by clonic convulsions and death of respira- 
tory arrest This activity appeared to be due solely 
to the presence of glycerol Decreasing the dosage 
volume, yet administering an equivalent amount of 
glycerol produced essentially the same response 
although induction time was significantly more pro- 
longed. Most animals receiving glycerol displayed 
a fluid diarrhea soon after dosage In certain cases 
this anal discharge was bloody Concurrent with 
muscular relaxation after death, fluid was observed 
flowing from the nostrils of some of these rats 
Upon autopsy the lungs were normal in size and 
color, although distension of the stomach and in- 
testines was noted 

Phenobarbital and Phenobarbital Sodium in 
Aqueous Vehicles. — Male and female rats were 
orally dosed wdth either phenobarbital sodium in an 
aqueous solution, phenobarbital sodium in 0 25% 
aqueous agar, or phenobarbital finely suspended in 
0 25% aqueous agar as shown in Table III, part 1 

Attempts to apply statistics to the raw' data re- 
vealed that the variances of tlie groups receiving 
phenobarbital sodium were not comparable to the 
variance of the group receiving phenobarbital 


Conversion of the raw data into natural log trans- 
formation data revealed upon statistical treatment 
with the F test that variances betw'een the groups 
were then comparable and that the t test could be 
validly applied to this data This finding further 
indicated that group mean and standard error of 
the mean determinations should be calculated us- 
ing log transformation data rather than raw data in 
order to depict most accurately the research results 
of this e\periment. A group mean ca'culated from 
log transformation data is termed a geometric mean. 
The 95% confidence limits for the geometric mean 
were calculated from the log transformation data 
and are two times the standard error of the mean. 
Statistical calculations followed the format outlined 
by Bliss and Calhoun (6) Results are summarized 
in Table III, part 2 

The induction time of rats dosed with pheno- 
barbital was approximately three and one-half times 
longer than that recorded for the other two groups 
receiving the salt. Differences in vehicles did not 
grossly affect induction time for phenobarbital so- 
dium. The pH of the 4% aqueous solution of pheno- 
barbital sodium was 9 1, while that of tlie 0.25% 
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Table III, Part 1. — Phenobarbital and Phenobarbital Sodium Orally in Aqueous Vehicles to 

Manor Farm Rats“ 




/ Geometric 

Mean Duration 

Time — n 


Test Group 

Inj.-LRR, 

LRR-N, 

Inj.-Death, 

Test Preparation 

Code 

Sex min. 

hr. 

hr.& 

Phenobarbital sodium in 

PNa.W.M 

M 27(10)' 

28.9(9) 

4.5(1) 

distilled water 


23-32-' 

25.7-32.6 



PNa.W.F 

F 31(10) 

34.3(8) 

4.5(2) 



25-39 

32.6-36.2 


Phenobarbital sodium in 

PNa.A.M 

M 30(10) 

28.5(10) 


0.25% agar 


24-36 

26.5-30.6 



PNa.A.F 

F 39(10) 

34.0(8) 

5.0(2) 



34-46 

31.5-36.6 


Phenobarbital in 0 25% 

P.A.M 

M 116(10) 

27.5(10) 


agar 


92-145 

25.0-30.2 



P.A.F 

F 126(10) 

33.4(10) 




94-170 

31.8-35.0 



a Dosage used was 200.0 mg. /Kg. for phenobarbital sodium and 182.7 mg./Kg. for phenobarbital. Ten rats were dosed per 
sex per group. 

b Death by respiratory arrest. 

^ Figures in parentheses represent the number of rats upon which the mean is based. 

Range figures indicate the 95% confidence limits of the geometric mean. These figures are calculated using log trans- 
formation data. 


Table III, Part 2. — Tests of Significance 



* 1 Test, Observed P v 

Comparison^ 

Inj.-LRR 

LRR-N 

PNa.W.M vs. 

>0.50 

>0.50 

PNa.A.M 
PNa.W.M vs. 

<0.001 

>0.50 

P.A.M 
PNa.W.F w. 

0.10-0.05 

>0.50 

PNa.A.F 
PNa.W.F vs. 

<0.001 

0.50-0.25 

P.A.F 

PNa.W.M vs. 

0.50-0.25 

0.025-0.01 

PNa.W.F 
PNa.A.M vs. 

0.05-0.025 

0.005-0.001 

PNa.A.F 

P.A.M vs. 

>0.50 

0.005-0.001 

P.A.F 

PNa.W.M and 

<0.001 

0.50-0.25 

PNa.A.M vs. 
P.A.M • 
PNa.W.F and 

<0.001 

>0.50 

PNa.A.F vs. 
P.A.F 

PNa.W.M and 

0.05-0.025 

<0.001 

PNa.A.M vs. 
PNa.W.F and 
PNa.A.F 




a See Table III, part 1 for test group code names. 


agar solution was 8.8. The 3.65% solution-suspen- 
sion of phenobarbital in 0.25% agar had a pH of 7.2. 
The slower onset noted with phenobarbital may be 
due to a difference in pH. Brodie and co-workers 
(7) postulated that acidic drugs are rapidly absorbed 
in their lipid soluble nonionized state from the highly 
aeid stomach and are not well absorbed in their 
lipid insoluble ionized state from the alkaline in- 
testine. Diserepancies in this concept were ex- 
plained by invoking the Meyer-Overton partition 
coefficient (8, 9). The gastrointestinal and blood- 
brain barriers are considered to be primarily lipid in 
nature. Aceording to the Brodie concept the alka- 
line preparations of phenobarbital sodium should be 
poorly absorbed from the stomach, while the neutral 
solution-suspension of phenobarbital should be well 
absorbed. Passage of all three preparations into 
.the alkaline intestine should hinder absorption. As 


a result of this, the animals dosed with the neutral 
solution-suspension should have a much shorter on- 
set of narcosis. Using intact laboratory animals in 
a standardized clinical test situation, this study 
clearly indicated the opposite situation. Rate of 
solution for phenobarbital in the gastrointestinal 
contents may explain the results observed here. 
Table III, part 2, shows that there is a highly signifi- 
cant sex difference in regard to duration of narcosis, 
the females sleeping about five hours longer. The 
pooled data of the two groups receiving pheno- 
barbital sodium indicated that there was also a 
significant sex difference as to onset of LRR, with 
the males showing a shorter induction time. 

Phenobarbital Sodium to Mice. — In order to 
determine whether the sex difference previously un- 
reported for long acting phenobarbital would be 
observed in another species, mice were dosed orally 
with 200 mg./Kg. of phenobarbital sodium using a 
1% aqueous solution. Results are summarized in 
Table IV. Females had a significantly faster induc- 
tion time (P 0.05-0.025) and a greater mortality 
from respiratory arrest as compared with the males. 
There was no significance (P >0.50) between the 
sexes as to duration of lost reflex observed with 
survivors. This indicated a species variation in re- 
sponse. 


Table IV. — ^200 mg./Kg. Phenobarbital Sodiuji 
Orally to Mice 



Mice 

Per 

Geometi 

Inj.-LRR, 

ric Mean Duratu 

LRR-RRR, 

)n Time * 

Inj.- 

Death, 

Sex 

Group 

min. 

hr. 

hr. 

M. 

21 

25(21)“ 

19-34 

18.3(19) 

13.7-24.5 

31.2(2) 

F 

21 

18(21) 

16-20 

17.8(15) 

14.0-22.5 

35.1(6) 


« Figures in parentheses represent the number of mice 
upon which the mean is based, while the range figures indicate 
the 95% confidence limits for the geometric mean. 


Phenobarbital Sodium in Various Sucrose 
Syrups. — ^A 10% sucrose solution is considered to be 
isotonic. To test the effect of hypotonic, isotonic, 
and hypertonic sucrose solutions upon the response 
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to pheiiobarbital sodium, 10 animals per sex. per 
test treatment uere dosed orally as shown in Table 
V, part 1. Statistical ev'aluatioii is summarized in 
Table V, part 2 

With increasing concentration of sucrose in the 
vehicle tiiere was a progressive lengthening of induc- 
tion time. Also, there was a highly significant sex 
variation in regard to duration of narcosis, with the 
females sleeping up to eight hours longer than the 
males As viscosity and surface tension may be the 
factors modifying the response in this experiment, 
these physical properties ucre measured using the 
Du Nony tensiometer and the Ostwald pipet, and are 
correlated with induction time in Fig 1 Each 
point in Fig 1 represents the mean of five determina- 
tions made at 37°. Qualitatively the viscosity and 
induction time curves were similar, n hile the surface 
tension curve was qualitatively different This 
indicated that viscosity was the major contributing 
factor for the observed lengthening of induction 


Table V, Part 1 — 200 mg./Kg Phenobarbital 
S oDiUJi Orally in A'^arious Sucrose Syrups to 
Nebarska Stock Rats“ 



Test Vehicle 

Sex 

AA'ater 

M 


F 

5% Sucrose 

M 

F 

10% Sucrose 

u 

F 

,, 20% Sucrose 

M 

F 

40% Sucrose 

M 


F 

80% Sucrose 

M 


F 


Geometric Mean Duration- 

Inj -LRR. LRR N. 

min far 


42(32-54)'' 19 9(15 9-24 9) 
37(32-44) 26 3(24 5-28 3) 
43(37-51) 22 0(18 8-25 8) 
48(39-60) 22 6(19 8-25 8) 
45(40-51) 20 0(17 8-22 3) 
54(46-63) 24 9(21 8-28 4) 
48(41-55) 21 3(18 1-24 9) 
57(43-75) 24 6(22 2-27 0) 
57(39-82) 16 5(10 3-26 3) 
77(54-111) 24 5(19 4-31 0) 
94(67-133) 18 9(14 9-23 9) 
86(63-118) 24 2(20 6-28 4) 


“ Ten rats were dosed oer sex per test treatment 
^ Figures in parentheses indicate the 95% confidence 
limits of the geometric mean 


Fig. 1 — Relationship of induction time after 200 
mg./Kg phenobarbital sodium to the viscosity and 
surface tension of various sucrose syrup vehicles; 
O, solid line, induction time, •, dash line, viscosity; 
O , dotted line, suiface tension 


time In this instance viscosity parallels osmotic 
pressure 

Phenobarbital Sodium at Two Dosage Volumes 
in Water and 80% Sucrose Syrup.— Female rats 
were dosed as sliown in Table VI, part 1 Statistical 
evaluation of the data is summarized in Table VI, 
part 2 When 200 mg /Kg phenobarbital sodium 
was administered in aqueous solution it was more 
rapidly effective from a dilute (2%) rather than from 


Table Part 2 — ^Tests of Significance 


Comparison ■' 

■. 






Water vs 

/- Itij Litrt 

Between Vehicles 

Between Sexes 

Between Vehicles 

Between Sexes 

5% Sucrose 

0 10-0 05 

>0 50 

>0 50 

0 05-0 025 

10% Sucrose 

0 025-0 01 

>0 50 

>0 60 

<0 001 

20% Sucrose 

0 025-0 01 

>0 50 

>0 50 

<0 001 

40% Sucrose 

0 005-0 001 

>0 50 

0 50-0 25 

0 025-0 01 

80% Sucrose 

<0 001 

0 50-0 25 

0 50-0 25 

<0 001 


Table AT, Part 1 — Effects of Different Dosage A'olumes on Response of 200 mg /Kg Piieno- 
barbital Sodium Orally to Female Nebraska Stock Rat.s" 


Dosage 

Volume 



Geometric 

Inj -LRR, 

Mean Duration 
LRR-N, 

Time— — 

Inj -Death, ^ 

ec /Kg 

Vehicle 

Test Group Code 

min 

hr 

hr. 

5.0 

AA'ater 

PNa W 5 

49(10)^ 

27 3(9) 

2 8(1) 



32-74-' 

26 2-28 5 

10 0 

AA'atcr 

PNa AV 10 

29(10) 

28 5(7) 

5 7(3) 



24-35 

27 8-29 3 

5.0 

80% Sucrose 

PNa S 5 

SO (10) 

23 2(10) 




60-100 

17 8-30 3 


10.0 

80% Sucrose 

PNa S 10 

129(10) 

23 1(9) 

0.1(1) 



106-158 

20 7-25 7 


° Ten rats \Aere dosed per test treatment 

^ Death by re‘;pjrator 3 ' arrest , . . 

^ Ttgures tn parentheses represent the number of rats upon which the mean is based. 
^ Range fagures indicate the 9oSc con&dcnce limits of the gcomelnc mean 
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Table \T, Part 2 — Tests of Significance 


1 Test, Observed P- 

Inj -LRR 


Comparison 

PNa W 5 vs 
PNa W 10 
PNa S 5 M. 

PNa S 10 
PNa W 5 w 
PNa S 5 
PNa W 10 vs 
PNa S 10 


0 05-0 025 
0 025-0 01 
0 10-0 05 
<0 001 


LRR-N 

0 50-0 25 
>0 50 
0 50-0 25 
0 01-0 005 


a concentrated (4%) solution, as shown bj' a signifi- 
cantly shorter induction tune and a 30% incidence 
of fatalities However, when large concentrations 
of sucrose in the vehicle rendered phenobarbital’s 
contribution to osmotic pressure insignificant, the 
effects of administering a more dilute solution of 
phenobarbital sodium was actually reversed, as 
showm by a prolonged induction time and a signifi- 
cant!}' reduced duration of narcosis This indicated 
that while the osmotic pressure of the vehicle can 
modify response, the dosage volume is also an im- 
portant factor 

Phenobarbital in Ethanol-Glycerol-Water Mix- 
tures. — From the data of Krause and Cross (10) 
various combinations of ethanol and glycerol were 
selected in which 182 7 mg /Kg of phenobarbital 
could be dosed at 5 cc /Kg With only four rats 
dosed per test treatment, only qualitative con- 
clusions could be drawn which corroborate the find- 
ings of Hazelton and Hellerman (2) 

DISCUSSION 

Phenobarbital elixir U S P XIV contains three 
ingredients with pharmacologic activity: pheno- 
barbital, ethanol, and glycerol It w'as impossible 
to determine the relative merit of the intact elixir 
because the narcotic effect of phenobarbital was both 
qualitatively and quantitative!}' changed by the 
various actions of ethanol and glycerol Pharmaco- 
logically inactive sucrose was shown to quantita- 
tively alter the phenobarbital response A pro- 
posed new elixir can be formulated on a pharmaco- 
logic basis It should be a dilute li}’droalcoholic 
solution of phenobarbital sodium The presence of 
ethanol would lend a certain amount of pharma- 
ceutical stability as w'cll as supplementing and has- 
tening the action of phenobarbital sodium A 
synthetic sweetener, such as cyclamate sodium 
N. N. D which does not appreciably change vis- 
cosity, should be substituted for the sucrose and 
glycerol Further flavoring is indicated. This 
postulated elixir fulfills the classic definition, but 
would avoid the undesirable vehicle pharmaco- 
dynamics found in phenobarbital elixir U. S P. 
XIV by this study and otliers. 

SUMMARY 

1. Using a constant dosage volume of 5 cc /Kg 
the oral narcotic ED 50 for phenobarbital sodium 
administered to rats was found to be 12G mg./Kg. 
(± 11.5) The dosage level adopted for this 


study was 200 mg./Kg or its equivalent, since 
the ED96 was calculated to be 190 mg./Kg 
The safety index (LDs/EDss) was estimated to 
be equal to 1.26. 1 

2. The pharmacologic end point of righting \ 
reflex regained (RRR) cannot be used to describe ' 
accurately the action of long acting barbiturates 
A new end point, normalcy, was defined 

3 Ethanol and glycerol were shown to modify 
qualitatively and quantitatively the effect of the 
phenobarbital in phenobarbital elixir U. S P 
XIV. 

4 Group mean and standard error of the 
mean calculations for induction time and duration 
of barbiturate narcosis must be calculated from 
common log transformation data to describe 
experimental results most accurately. 

5 Phenobarbital sodium was more efficient 
in inducing narcosis than phenobarbital, ivhen 
these compounds were administered in aqueous 
solution-suspensions of low viscosity 

6. Increasing concentrations of sucrose in 
aqueous test solutions of phenobarbital sodium 
progressively lengthened the induction time for 
narcosis This appeared to be a function of 
viscosity rather than surface tension 

7. Phenobarbital sodium xvas more rapidly 
effective in dilute aqueous solutions than in ~ 
concentrated aqueous solutions 

8 An equal dosage of phenobarbital sodium 
was less rapidly effective when administered 
10 cc/Kg than 5 cc./Kg in an 80% aqueous 
solution of sucrose. 

9 There was found a definite sex variation in 
response to phenobarbital and phenobarbital 
sodium administered orally to rats of the Wistar 
strain Males had a shorter duration of narcosis 
as well as a somewhat shorter induction time as 
compared to the females No colony variation 
was seen A qualitative species variation was 
observed between rats and mice. 
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Substituted Xanthines II* 


Preparation and Properties of Some 
( 2-Hydroxyalkyl)trimethyiammonium Theophyllinates 

By FREDERICK VIDALf and THEODORE I. FANDJ 


A new and convenient method has been de- 
veloped for the large scale preparation of (2- 
hydroxyethyl)trimethylammonium theophyl- 
linate.' The synthesis of several (2-hydroxy- 
alkyl)trimethylammonium theophyllinates 
was accomplished by the addition of tri- 
methylamine to various epoxyalkanes and 
then reacting the resulting intermediate with 
theophylline or 8-substituted theophylline 
derivatives. Various properties of these com- 
pounds are described. 


^T^he methyl derivatives of xanthine, particu- 

larly theophylline, have been used for many 
years as therapeutic agents in bronchial asthma, 
angina pectoris, and as mild diuretics. Theo- 
phylline has also found clinical application for 
myocardial stimulation and has been employed 
occasionally for the treatment of hypertension. 

Although the therapeutic value of this drug is 
well founded, it is not without undesirable side 
effects. Of these, the most important is that it 
causes gastric irritation with concomitant nausea 
and vomiting. Another disadvantage of theo- 
phylline is its very limited solubility in water. 
In order to increase its therapeutic effectiveness, 
particularly in oral administration, preparations 
with enhanced water solubility were investigated. 
Certain double compounds of theophylline with 
salts and aliphatic amines showed considerably 
higher solubility. Several such addition products 
or mixtures have been reported, including amino- 
phylline, theoph3dline-meth3dglucamine, and the- 
oph3dline sodium glycinate ( 1 , 2 ). 

In contrast to the double compounds men- 
tioned above, it was shown that the condensation 
of choline with theoph3dline afforded an ionic 
compound which possessed properties of a true 
salt ( 3 ). 

( 2 -Hydroxyeth 3 'l) trimeth3dammonium thco- 
phyllinate was previous^ prepared by two 
methods. The first ( 4 ) consisted of reacting cho- 
line base with an alcoholic suspension of theo- 
ph3’lline. The second metliod ( 3 ) involved heat- 


* Received August 31, 1959, from the Research Labora- 
tories, Nepcra Chemical Co . Inc , Yonkers 2, N Y 
For the preceding paper in this scries see Reference 3 
t Present address Wallace and Tiernan. Inc . Belleville, 
N. J. 

t Present address Warner-Lambert Research Institute, 
Morris Plains, N J 

^ Choledyl is the registered trade mark of Warner Lambert 
Pharmaceutical Co , for its brand of chohne thcophyllmate 


ing theoph3dline with an excess of choline bicar- 
bonate in an aqueous medium until the evolution 
of carbon dioxide ceased. The reaction product 
was then obtained upon concentrating the solu- 
tion under reduced pressure. MTiile these pro- 
cedures were suitable for laborator3’- work, the3’ 
were not satisfactor3" for large scale operation. 

The method of choice (5) for preparing this 
quaternary ammonium salt was patterned after 
Wurtz’s well-known synthesis (6) of choline with 
several pertinent modifications. Good 3delds of 
several (2-hydrox3nlkyl)trimethylammonium 
theophyllinates, free of inorganic salts, resulted 
from the reaction between trimeth3'lamme, var- 
ious epoxyalkanes, and theoph3dline or its 8- 
substituted derivatives. 

(2 - Hydro.x3'ethyl)trimeth3dammonium theo- 
phyllinate was conveniently formed in high 3'ields 
when ethylene oxide was used in this reaction. 
In order to determine the optimal reaction con- 
ditions, the effects of the following variables were 
studied: (o) pressure, (J) solvents, (c) tempera- 
ture, and (d) presence of water. It was found 
that the yields for (2-h3’drox3'ethyl)trimethyl- 
ammonium theophyllinate ranged between S3 
and 97% of the theoretical under the different 
conditions emplo3'ed. The best 3’’ield could be 
obtained by the use of anh3’drous isopropanol as 
solvent and by cooling the starting materials at 
the beginning of the reaction to — 10°. Further- 
more, it was possible to carry out the reaction at 
atmospheric pressure if these conditions were 
maintained. The reaction was found to be vig- 
orous and exothermic both under completely an- 
h3'drous conditions or in the presence of catal3'tic 
amounts of water. (2-Hydroxyeth3d)trimeth3’l- 
ammonium theoph3’llinate was the sole reaction 
product in all but one of these experiments. In 
the latter case, 7-(2-hydrox3'eth3’I)-theophyIline 
was isolated as a minor component in 5% 3-ield, 
while the major product was the quaternar3' 
ammonium salt, obtained in 89% 3'ield. Table 
I summarizes most of the results obtained in the 
investigation of the optimal reaction conditions 
for the preparation of (2-hydro.\yeth3'l)triniet})3-l- 
ammonium theophyllinate or its S-substftuted 
derivatives. 
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If the 8-bromo-, chloro-, or nitro-theophylline 
derivatives were employed, the sole reaction prod- 
uct isolated in each instance, was (2-hydroxy- 
ethyl)trimeth 3 dammonium 8-bromotheophyllin- 
ate, (2-hj^droxyethyl)trimethylammonium 8-chlo- 
rotheophyllinate, and (2-hydroxethyl)trimethyl- 
ammonium 8-nitrotheophyllinate, respectively. 

The reaction of theophylline with propylene 
oxide and trimethylarrine led to the formation of 
only one product, namely, (2-hydroxypropyl)- 
trimethylammonium theophyllinate, obtained in 
a yield of 67%. However, when 1,2-epoxy- 
butane was used instead of 1,2-epoxypropane, two 
products were isolated; namely, (2-hydroxy- 
butyl) trimethylammonium theophyllinate (in 
48% yield) and 7-(2-hydroxybutyl)-theophylline 
(in 26% yield). 

On the basis of our findings, the formation of 
(2-hydroxyethyI) trimethylammonium theophyl- 
linate is postulated to proceed as follows: in the 
initial step trimethylamine reacts with the re- 
active eth 5 'lene oxide by opening the oxirane ring. 
The resultant intermediate then reacts with theo- 
phylline to give the final product. A possible 
mechanism for the reaction, under anhydrous 
conditions, may be represented schematically as 
follows; 

(CHjIjN -1- H.C CHi — 

\ / 

O 

[(CHsIjN— CH r-CHj— 0-] + 
Intermediate 

CHa— N— C=0 

1 1 /H 

0=C C— N< 

I II >CH 

CHa— N— C— — 

[( CHalaN— CH.— CH.— OH ] + 

“CHa— N— C=0 

I 1 

0=C C— N. 

I II >CH 

_CHa— N— C— 

In the presence of water, however, it is assumed 
that the intermediate first formed is choline, 
which then condenses with theophylline, yielding 
the desired quaternary ammonium salt. 

Several attempts were made to prepare (1- 
methyl - 2 - hydroxypropyl)trimethylammonium 
theophyllinate and (2-hydro.xyphenethyl)tri- 
methvlammonium theophyllinate by heating 
theophylline and trimethylamine with 2,3-epoxy- 
butane and with styrene oxide, respectively. We 
were unable, however, to obtain the desired 
quaternary ammonium salts in crystalline form 


by the described method. In these instances, 
the only reaction products isolated and identified 
were the 7-(l-methyl-2-hydroxypropyl)- and 7- 
(2-hydroxyphenethyl)- derivatives of theophyl- 
line, respectively. 

According to our results the yield of the cor- 
responding quaternary ammonium salt decreased 
as the chain-length of the alkyl group of the epox- 
ide increased, or if an aryl substituted epoxide was 
used. Simultaneously with the decrease in yields 
of the quaternary ammonimn compounds, there 
was an increase in the amounts of the 7-(2-hy- 
droxyalkyl) -theophyllines. Obviously, the for- 
mation of the latter theophylline derivatives com- 
petes with the main reaction and the proportion 
of these two different types of compounds ob- 
tained, depends on the alkyl chain length of the 
epoxide used. 

A future publication will deal with the prop- 
erties and a convenient procedure for the prep- 
aration of some 7-(2-hydroxyalkyl)-theophyl- 
plines. 

EXPERIMENTAL^ 

Materials. — 8-Bromotheophylline was prepared 
by the method of Biltz and Strufe (7) and 8-chloro- 
theophylline was prepared according to Fischer and 
Ach (8). 8-Nitrotheophylline was obtained accord- 
ing to a previously described method (3). 

Trimethylamine and the different epoxides were 
obtained from commercial sources. 

Procedme.— The general reaction procedure for 
the preparation of the compounds listed in Table I 
is illustrated by the following examples. In the ex- 
periments in which water was used as the solvent, 
it was necessary to evaporate the solution in vacuo 
to about one-third of its original volume in order to 
isolate the reaction products. Isopropanol was 
then added until a precipitate formed upon cooling. 

(2-Hydroxyethyl)trimethylammonium Theophyl- 
linate. — A solution of 28 Gm. (0.47 mole) of dry 
trimethylamine in 100 ml. of anhydrous isopropanol 
was placed in the reaction flask and cooled to —10°. 
Twenty-one grams (0.48 mole) of ethylene oxide 
was added while stirring, followed by 65 Gm. (0.36 
mole) of anhydrous theophylline. During this 
period the temperature was maintained around 

— 10°. The slurry formed was stirred vigorously at 

— 10° for one hour and at room temperature for 
another hour. During this latter time, an exo- 
thermic reaction occurred and the temperature of 
the mixture rose to 65°. When the reaction sub- 
sided, the slurrj’ was stirred at about 60° for an addi- 
tional one and one-half hours. Upon cooling in ice, 
the product was filtered on a Buchner funnel and 
washed thoroughly with cold isopropanol. The 
yield of (2-hydroxyethyl (trimethylammonium theo- 
phyllinate was 99 Gm. (97%). The product melted 
at 186-187° and did not depress the melting point 
of an authentic sample of (2-hydroxyethyl)tri- 


- All melting points have been corrected and were taken in 
capillaries. 
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Table I. — Reactions of Ethylene Oxide With Trimethylamine and Theophylline or 8- Substituted 

Theophylline Derivatives 




Purine 




— Reaction ^ 



Trimethyl- 

Deriva- 

Solvent, 


Time, 

Temp. 

Products 

M. P., Yield, 

No. 

amine 

tive 

rah 

Pressure 

hr. 

®C. 

Name 

°c. % 

1 

25% Aqueous 

Th" 

100 H:0 

Sealed tube 

48 

20 

ChTh*' 

188- 83.5 


solution 




1 

100 


188.5^- f 

2 

25% Aqueous 

Th° 

100 HjO 

Atmospheric 

48 

20 

ChTh'' 

187.5- 85 


solution 




1 

100 


ISS.S'--'' 

3 

Anhydrous 

Th'* 

220 Isopr. -f 

Atmospheric 

2 

0 

ChTh' 

187.5- 89.5 




20 H.O 


2 

60 


188. 5°' •' 

4 

25% Aqueous 

BrTh" 

50 HjO 

Sealed tube 

48 

20 

ChBrTh 

65- 85.5 


solution 




1 

100 


65. 5^''’ 

5 

25% Aqueous 

ClThK 

SO H.O 

Atmospheric 

48 

20 

ChCITh 

97-99^' 86 


solution 




1 

50 



6 

Anhydrous 

NTh" 

180 Isopr. -j- 

Atmospheric 

2 

0 

ChNTh 

248^' >' 87.5 




20 HjO 


2 

60 




Th = theophylline; BrTh =» 8-bromotheophylUne; ClTh = S-chlorotheophylline; NTh = 8-nitrotheophyIline; Isopr, = 
isopropanol; ChTh = (2-hydroxyethyl)trimethylammoniura theophyllinate; ChBrTh = (2-hydroxyethyl)trimetfayIam- 
moniura S-bromotheophylHnate; ChClTh s= (2-hydroxyethyl)trimethyJaramoniuni S-chlorotheophyllinate; ChNTh =* (2- 
hydroxyethyOtrimethylammoniunj S-nitrotheophyllinate 

<» A 1 ;1 : 1 mole ratio of Th, base, and epoxide was used. * Unreacted Th, 7%, was also recovered, c Reported (3) m. p. 
ISD®. d A 0.9;1;1 mole ratio of Th, base, and epoxide was used. * In addition to the quaternary ammonium compound, 
4.0% of 7'(2>hydroxyethyi)-theophylline, m p. 162-164® was also obtained in this exper* ‘ 
point depression when admixed with an authentic sample of the same product. / 

0.75 ; 1 : 1 mole ratio of S-substituted Th, base, and epoxide was used. A Reported (3) n 
(3) ra. p. 248°. 


methylammonium theophyllinate. prepared by 
another method. 

(2-Hydrozypropyl)trimethylammonium Theo- 
phyllinate. — In a three-necked flask equipped with a 
stirrer, gas inlet tube, and an addition funnel was 
placed 100 ml. of isopropanol. The flask was im- 
mersed in an ice bath, 31 Gm. (0.52 mole) of tri- 
methylamine bubbled into tlie solvent, and 30 Gm. 
(0.52 mole) of propylene o.xide added. To this solu- 
tion, 72 Gm. (0.4 mole) of anhydrous theophylline 
was added slowly while stirring over a period of 
thirty minutes. The slurry which formed was 
then stirred vigorously at 5^ for one hour and at 
room temperature for one and one-lialf hours, when 
the flask was equipped with a condenser in place of 
the inlet tube. During this latter time, an e.xo- 
thermic reaction took place and the temperature 
rose to about 60°. Finally, the reaction mixture was 
stirred at about G0° for an additional one and one- 
half hours. The slurrj' was cooled to 0°, the solid 
was filtered off and washed thorough!}' with cold 
isopropanol. Recrystallization of the white product 
from isopropanol gave 80.3 Gm. (67.5%) of (2- 
hydroxypropyl)trimethylammonium theophyllinate, 
m. p. 186.5-187.5°. A mixed melting point with a 
sample of (2-hydroxyethyl)trimethyIanimonium the- 
ophyllinate showed a marked depression (m. p, 
170-172.5°). (2-Hydroxypropyl)trimethylammo- 
nium theophyllinate was found to be very soluble in 
water (1:1) and a 1% aqueous solution had a pH of 
about 9.5. 

A)ia(.»~Calcd. for C„H»,Ni03: C, 52.5; H, 7.79; 
. N, 23.56; neut. equiv., 297. Found: C, S2.95; H, 
1.6; N, 24.0; neut, equiv., 294. 

(2-Hydroxybutyl)trimethylammonium Theo- 
phyllinate. — To 50 ml. of isopropanol, cooled to 0°, 
was added 16 Gm. (0.27 mole) of trimethylamine 
and 18 Gm. (0.25 mole) of 1,2-butylcne oxide while 


• * Microan.Tlyscs for C and H were performed by the 
Schwarzkopf Microanalytical Laboratory. Woodside. N. Y.; 
N analyses were carried out by Miss Ruth Becker;_ the 
neutral eouicalent determination was made by Mr. Milton 
Gcllcr. 


the temperature was maintained at 0°. This solu- 
tion was stirred and 36 Gm. (0.2 mole)of anhydrous 
theophylline was introduced in small portions. After 
the final addition, the slurry which formed was 
stirred vigorously at 0° for one hour and at room 
temperature for an additional tivo hours. After the 
first hour, an exothermic reaction ensued and the 
mixture reached a temperature of 40°. When the 
reaction had subsided, the mixture was stirred at 
60° for another hour. During this time, the sus- 
pended material originally present had dissolved. 
Upon cooling to 5°, the precipitate which formed 
was collected on a Buchner funnel and washed thor- 
oughly with cold isopropanol, m. p. 150-154°. Two 
recrystallizations of the crude material from isopro- 
panol gave 30.2 Gra. (48.5%) of (2-hydroxybuty!)- 
trimethylamraonium theophyllinate, m. p. 164- 
166°. This salt was somewhat hygroscopic, very 
soluble in water, and a 1 % aqueous solution gave an 
alkaline reaction (pH 9.5). 

Calcd. for ChHzjiVsOs: N, 22.5. Found: 

N, 22.9. 

After concentrating the combined mother liquors 
to a small volume and subsequent cooling, 24 Gm. 
of a white crystalline precipitate, m. p. 132-137°, 
separated. This fraction was twice recrystallized 
from isopropanol to yield 13 Gra. (25.8%) of 7-(2- 
hydroxybutyU-theophylline, ra. p. 141-142.5°. 

,4«af.—Ca!cd. for CnH, 6^,0,: N, 22.22. Found: 
N, 22.6. 

SUMMARY 

1. A series of (2-hydroxyalkyI)trimethyl- 
ammoniuin thcophj-llinates has been prepared for 
evaluation of diuretic and antispasmodic activ- 
ities. 

2. A new' and more convenient procedure for 
the synthesis of these compounds has been de- 
scribed. 
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3 The following new compounds have been 
characterized' (2 - hydroxypropyl) trimethyl- 
ammonium theophyllinate, (2-hydroxybutyl)- 
trimethylammonium theophyllinate, and 7-(2- 
hydroxybutyl)-theophylline 

4 The compounds tested showed compara- 
tively low toxicity Previous research has dis- 
closed effective bronchodilator action of some of 
these compounds 
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A Comparison of the Effects of Colchicine and Some 
Purified Veratrum Alkaloids on Nuclear Division in 
Roots of Allium cepa L.* 

By DOUGLAS L. SMITHf and L. DAVID HINER 


Purified alkaloidal mixtures and crystalline 
veratrum alkaloids were compared with col- 
chicine as to effects on nuclear and cellular 
division. Chromosomal aberrations often re- 
sulted but appeared to be due to a different 
type of action. 


' t 'he remarkable effectiveness of colchicine 
to alter the nuclear mitotic processes in 
meristematic tissues is well established (1) 
Living cells respond almost universally to colchi- 
cine after a basic pattern which constitutes the 
colchicine mitosis (c-mitosis), in which selective 
inhibition of spindle fiber formation interferes 
with nuclear division at metaphase. 

Many chemical agents other than colchicine 
have been used to produce nuclear and cyto- 
plasmic changes in plants (2-9) In 1944, 
Witkus and Berger reported on “veratrine, a new 
polyploidy^ inducing agent” (10). According to 
these authors the cj^tological effects of this agent 
were similar to those of colchicine with a few 
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differences in the mechanism of action by whicl 
polyploidy was produced. Because of the re- 
newed interest in the active principles of veratrmi 
and related genera (Zygadenus) by the medical 
profession within recent years, numerous investi- 
gators have attempted to isolate new veratrum- 
like extracts (11-13), to characterize the isolated 
derivatives (14-16), and to evaluate what, if any 
pharmacological activity resides in the agents 
thus obtained (17-19). With this renewed inter- 
est in Veratrum viride and related derivatives, 
many purified alkaloids heretofore unobtainable 
have now become available. Because of the close 
structural similarity between the alkaloids in 
veratrine and the alkaloids found in Veratrum 
viride Ait. and Veratrum album L , it was thought 
important to conduct a study to determine (a) 
whether some purified alkaloidal mixtures (Veri- 
loid') or crystalline alkaloids of veratrum (pro- 
toveratrine A®) possess the ability to modify the 
cycle of nuclear and cellular division, and (b) to 
determine how such activity compares in kind X 
and degree to that already established for col- 
chicine The effects of colchicine on nuclear / 


* Verilojd, a mixture of active principles from Veratrum 
iirtde Alt standardized for hypotensive activity to reference 
standard alkavervir, supplied by Dr J E Campion, Riker 
Laboratories Inc , Los Angeles, Calif 

* Protoveratrine A, a purified alkaloidal fraction obtained 
from Veratrum album L , supplied by Dr J E Campion 
Riker Laboratories Inc , Los Angeles, Calif , and Dr L C 
Weaver, Pitman Moore Company, Indianapolis, Ind 
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mitotic activity were investigated because this 
agent has become the agent of choice for experi- 
mental alteration of cell division processes and 
because it was desired to establish a comparison 
standard for subsequent studies on Veriloid and 
protoveratrine A. The results of this investiga- 
tion provide the basis for this report. 

METHODS 


2 to 4 ml. of solution. Each glass holder consisted of 
a watch glass to whicli a piece of glass tubing, sealed 
at one end, was heat-fused with simultaneous vacuum 
suction. The holders were suspended on a wire rack 
in the constant temperature bath. 

In investigating the effects of protoveratrine A, a 
population sample of 26 allium bulbs was used and 
randomized into 5 groups of 5 bulbs each. For this 
agent, the groups represented 4 different times of 
exposure to an acidified 0.025% solution and a con- 
trol group containing no protoveratrine. 


Onion bulbs. Allium cepa L,, var. White Portugal, 
were used as the experimental plant. A solution of 
2% 2-chloroethanoF in tap water was used to induce 
sprouting of new roots on the bulbs. The purpose 
of soaking the bulbs in the 2-chloroethanol solution 
was to induce the sprouting of more roots than would 
result from the use of tap water alone (20). After 
the roots had sprouted, constant solution tempera- 
tures at 30 ± 0.5° were maintained at all times. 
Root tips were prepared for microscopic examina- 
tion by standard fixing, staining, and mounting 
procedures (21-24). 

All intact cells observed in three scannings through 
the upper, middle, and lower third of a slide were 
recorded and the per cent of cells in any stage of 
nuclear mitotic division was calculated. Statistical 
analyses of the experimental data were performed 
by utilization of the analysis of variance technique 
after minor transformation of the original data to 
angles (25, 26). 

For both colchicine and Veriloid, a population 
sample of 100 allium bulbs was randomly divided 
into 5 main groups of 20 bulbs each. Each of the 
main groups was further randomized and subdivided 
into 4 subgroups of 5 bulbs each. The 5 main 
groups consisted of 4 concentrations of the drug from 

0. 1 to 0.8% (concentrations represented colchicine 
U. S. P. or Veriloid equivalent to reference standard 
alkavervir). The remaining main group served as 
the control. The subgroups represented four differ- 
ent times of exposure to the requisite test solution, 

1. e., three, six, nine, or twelve hoiws. 

In order to dissolve the Veriloid, a minimum 
amount of diluted acetic acid N, F. (1.4 ml./ 100 
ml. of solution) was employed. This amount of 
acid (equivalent to 0.084 Gm. of CjHjOj) was found 
by examination of the cells to be noninjurious to the 
root tissues. Special glass holders for the bulbs and 
alkaloidal solutions were constructed from Pyrex 
glassware (Fig. 1 ) which would hold approximately 
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RESULTS 

The effects of different concentrations of colchicine 
and different times of exposure on nuclear mitotic 
division are listed in Table I and the statistical anal- 
ysis of these data is shown in Table II. The anal- 
ysis indicated that colchicine treatment significantly' 
decreased the number of mitotically dividing nuclei 
(F=518; P<0.01) Further, the individual fac- 
tors contributing to the total treatment effects (time, 
concentration, and interaction) all shorved signifi- 
cant changes (ratios for the concentration and inter- 
action factors were highly significant). 

In Table I, examination of individual means 
(MNDN) and group means (GM) indicates that for 
the concentration factor alone (upper portion), all 
colchicine concentrations employed in this study- 
decreased the total number of dividing nuclei as 
represented by the GM values when compared with 
the GM obtained for the control. Except for the 
0.2% concentration, the GM values were signifi- 
cantly different than the control value. Except for 
the twelve-hour exposure to the 0.2% colchicine 
concentration, the MNDN values for exposure times 
of nine and twelve hours decreased as the concentra- 
tion of colchicine increased (P<0.05 for the nine- 
and twelve-hour exposures to 0 4% and 0.8% 
colchicine). Also, for the colchicine concentrations 
of 0.4% and 0.8%, MNDN values decreased as the 
time of exposure was increased from three to twelve 
hours. There was little effect produced on MNDN 
values either by' increasing the colchicine concentra- 
tion for the three- and six-hour exposure times or by 
increasing the time of exposure at colchicine con- 
centrations of 0 1% and 0 2%. 

With time as the major variable (Table I, lower 
portion), MNDN values indicate more clearly that 
for exposure times of nine and twelve hours, a de- 
crease in the number of dividing nuclei resulted as 
the concentration of colchicine was increased. A 
comparison of the differences between group means 
for the six-hour time exposure and any of the other 
times by the "Student” I test indicated that the 
differences were significant The high GM value for 
the six-hour exposure time (3.55%) was primarily'due 
to the high individual MNDN value of 5.3% ob- 
tained for the 0.8% colchicine concentration (also 
see Fig. 2, six-hour exposure time). Since this 
value failed to follow the general trend established 
for the other concentrations and exposure times, an 
additional experiment on roots exposed to 0.8% 
colchicine for a six-hour time period was indicated. 
Results obtained from an additional 20 allium bulbs 
showed the MNDN to be 3.2%; therefore, the 5.3% 
value obtained in the original experiment wa-. as- 
sumed to be aberrant and for further graphical 
purposes (Fig. 2) the 3.2% value was used. 
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Table I. — Effects of Colchicine on Nuclear Division in Allium Roots 


Time, hr.-^ 

MNDN,'^ 

0 / 

70 

GM,'’ % 


Colchicine, 

MNDN,- 

% 

GM.'' % 


^ Control . 

3 G 9 12 


4.00 


C 9 


2 58 


— Main Groups, Concentration — 
12 3 C 9 12 3 


-0.4%- 
0 9 


. 0 . 8 % ^ 

3 G 9 12 


-Control- 


. 3 hr . 

0.1 0 2 0 4 0.8 


3.30 1.90 2.53 

-Main Groups, Time ' 

. G hr. s 9 hr. ^ 12 hr. . 

0 1 0 2 0.4 0.8 0.1 0.2 0.4 0.8 0.1 0.2 0.4 0.8 


3 9 3.6 4 5 4.0 2531 1.9 2.4 2.6 3.6 2.7 5.3 2.6 2.4 2.1 1.5 2.6 4.1 0.9 0.9 


4 00 


2.48 


3.55 


2.15 


2.13 


o Mean number of dividing nuclei Group means. 


Table II. — Analysis of Variance” op Colchicine Effects on Nuclear Mitotic Div'ISion in Allium 

Roots 


Adjustment for Mean 

Degrees of 

9308.00 



Experimental 

Nature of Variation 

Freedom 

Sum of Squares 

Mean Square 

F Ratio 

Between treatments 

19 


508 31 


26.753 


5.18'' 

Different levels of concentration 


4 


235.29 


58.823 

.. 11.37‘ 

Different levels of time 


3 


44.80 


14.933 

2.89‘ 

Interaction 


12 


228.22 


19.018 

3.68'' 

Error 

Total 

80 

99 


413.73 

922.04 


5.i72 




o Transformation of data to angles. ^ P < 0.01 ” P < O.OS. 


TABLE III. — Effects of Veriloid on Nuclear Division in Allium Roots 


-Control s 

6 9 12 


— 0 . 1 %- 
C 9 12 


Main Groups, Concentration- 
0.2% . ^ 


-0.4 %- 


9 12 


- 0 . 8 % 

6 9 12 


Time, hr.-*- 3 

MNDN,” 

% 5.1 4.9 5 5 5.9 4 5 3.4 7 6 8.9 5.7 5.5 7 8 7.3 7.1 5.9 7.3 6.9 6.6 5.9 7.6 6.7 

GM,*' % 5.35 6 10 6 58 6.80 6.70 


Veriloid, c 
%- 


-Control- 


-3 hr- 


-Main Groups, Time- 
> 6 hr. ' 


-9 hr.- 


-12 hr.- 


0.1 0.2 0.4 0.8 0.1 0.2 0.4 0.8 0.1 0.2 0 4 0.8 0.1 0.2 0.4 0 8 

MNDN,“ 

% 5.1495.559 455.77.16.0 3.45.55.95.5 7.67.87.37.6 8.97.36.96.7 

GM,''% 5.35 5.98 5.08 7.58 7.45 


a Mean number of dividing nuclei. & Group means, r Alkavervir (Veriloid) reference standard. 


Table IV. — Analysis of Variance” of Veriloid Effects on Nuclear Division in Allium Roots 


Adjustment for Mean 

Degrees of 

20899.907 



Experimental 

Nature of Variation 

Freedom 

Sum of Squares 

Mean Square 

F Ratio 

Between treatments 

Different levels of concentra- 

19 


239.309 


12.595 


2.46'' 

tion 


4 


42.854 


10.714 

... 2.09 

Different levels of time 


3 


113.166 


37.722 

7.36' 

Interaction 

Error 

Total 

80 

99 

12 

410 ! 198 

649.507 

83.289 

5.128 

6.941 

1.35 


a Transformation of data to angles. & P < 0.01. r p <0.05. 


The effects of different concentrations of Veriloid 
and different times of exposure on nuclear mitotic 
division are listed in Table HI and the statistical 
analysis of these data is shown in Table The 
analysis indicated that, in contrast to the colchicine 
effects, Veriloid treatment significantly increased 
the number of mitotically dividing nuclei (E=2.46; 


P<0.01). Further, of the individual factors con- 
tributing to the total treatment effects, onlj- the time 
factor indicated a significant change (F=7.36; 
/’<0.01). Therefore, although the effects of both 
concentration and time were important for colchicine 
produced changes, the length of time in whicli 
roots were exposed to Veriloid appeared to be of 
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lOTAt - DIVIDING NUCLEI 



Fig. 2. — ^Effects of colchicine and Veriloid on nu- 
clear division in Allium roots, (a), Hours of expo- 
sure; , colchicine; Veriloid. 


the three-hour exposure time, the number of 
abnormal metaphases (middle graph) was observed 
to increase with each increase in colchicine concen- 
tration. Maximum effects were observed to occur 
at the three-hour exposure to 0.8% colchicine and at 
the six-hour exposure to 0.2% colchicine. At the 
three-hour exposure time to 0.8% colchicine, 1.4% 
of the total 2.5% of dividing nuclei showed abnormal 
metaphases (56% of the total number of dividing 
nuclei observed). For Veriloid, the "piling up" 
effect at metaphase, as noted ivith colchicine, was 
not observed. 

In the course of investigating the effects of pro- 
toveratrine A on nuclear mitotic division, it became 
apparent that the changes produced were v'ery nearly 
the same as those observed for Veriloid. For this 
reason, the investigation of protoveratrine A was not 
as extensive as it was for colchicine and Veriloid. The 
effects of different exposure times to 0.025% pro- 
toveratrine A on nuclear mitotic division are shown 
graphically in Fig. 3. The total number of dividing 
nuclei remained relatively unaltered by different 
times of exposure to the protoveratrine A. A slight 
but insignificant (P>0.05) increase over that ob- 
served for the control value may be the overall effect 
produced. The number of abnormal metaphases in- 
creased considerabl 3 ' for different times of exposure. 
At the six-hour exposure time, 1% of the observed 
nuclei showed abnormal metaphases in the same 
manner seen in the Veriloid stud}’. Therefore, treat- 
ment of the allium roots with protoveratrine A pro- 
duced mitotic nuclear changes although the number 
of mitotic dividing nuclei remained relatively un- 
affected. 


greater importance to nuclear mitotic division than 
were the concentrations employed. 

Examination of the means in Table III indicates 
that for the concentration factor alone (upper por- 
tion) l^eriloid, as employed in this stud}', had no 
significant effect on the total number of dividing 
nuclei when GM values were compared with the 
value obtained for the control. 

With time as the major variable (Table III, lower 
portion), MNDN values indicate a general increase 
as the Veriloid concentrations are raised (P<0.01). 
The difference between GM values for the three- 
hour and twelve-hour exposure times, 5.98% and 
7.45%, respectively, was significant (P<0.05). 
Further, the most marked increase in the total num- 
ber of dividing nuclei occurred between the six- 
and nine-hour exposure times and the difference 
between these GM's ivas highly significant (P<0.01). 

Figure 2 shows graphically the effects of colchicine 
and Veriloid on nuclear mitotic division in allium 
roots for three of the four exposure times studied; 
three, six, and nine hours. Effects produced by the 
twelve-hour exposure period were similar to the 
other exposure times and for purposes of simplifica- 
tion, the}’ are not depicted. In general, the total 
number of dividing nuclei (upper graph) decreases 
Snith increasing concentrations of colchicine whereas 
tor Veriloid, the dividing nuclei remained relatively 
Unaffected (a slight but insignificant increase was the 
overall effect). The decrease in the total number of 
dividing nuclei at the concentrations of colchicine 
studied indicated that the agent was inhibitory at 
and above concentrations of 0.1%. Typical c- 
mitotic effects were produced by the colchicine. At 



Fig. 3. — Effects of protoveratrine A on nuclear di- 
vision in Allium roots. Total, dividing nuclei; 

total, anaphases and telophases combined; 

total, abnormal metaphases. 

DISCUSSION 

Colchicine, lieriloid, and protoveratrine A all 
produced polyploidy in allium roots, although, in 
general, the effects u-ere much more pronounced 
after colchicine treatment. A comparison of the 
effects produced by the veratrum derivatives on nu- 
clear mitotic division with those observed for 
colchicine revealed many interesting similarities and 
differences. The equatorial plate was completely 
absent in the colchicine-treated root tips, whereas 
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approximately 60% of all metaphases observed m the 
veratrum-treated root tips showed chromosomes in 
regular alignment in the equatorial region It was 
impossible to differentiate between the two veratrum 
agents employed solely on the basis of the observable 
chromosome characteristics, however, the chromo- 
somes of the veratrum-treated cells differed markedly 
from those treated mth colchicine A'eratrum in- 
duced "sticky” or angled chromosomes and anaphase 
bridges u ere very prominent 

Colchicine treatment decreased significantly (P 
<0 05) the overall number of dividing nuclei in 
cells, irrespective of concentration or time of ex- 
posure Because this agent induces metaphasic 
arrest and yet has no effect on stopping initial 
mitotic activity, it probably indicates that the 
concentrations employed were too high to produce 
an optimum mitotic effect The most marked differ- 
ences between colchicine and the veratrum agents 
were noted with the anaphase and telophase stages 
(lower graph. Fig 2) Colchicine treatment caused 
a great reduction, and sometimes a complete absence, 
of the number of anaphases and telophases On the 
other hand, manj- anaphases and telophases were to 
be observed after treatment with the veratrums 

Thus, it appears that alkaloidal agents (mixtures 
or crystalline) from Veratrum vtrtde Ait and/ or 
Veratrum album L having structural similarities to 
alkaloids obtained from sabadilla seeds {Schoeno- 
caulon officinale A Gray), may produce polyploidy in 
roots of Alhum cepa by an action similar to that of 
veratrme (10) This action is markedly different 
and apparently inferior to that seen in colchicine- 
treated roots and suggests that the derivatives of 
veratrum do not exert their effects specifically on the 
mitotic apparatus per se as does colchicine, but possi- 
bly act by some modification of cytoplasmic function. 

SUMMARY 

An attempt has been made to determine 
whether some purified alkaloidal mixtures or 
crystalline alkaloids of veratrum possess the 
ability to modify the cycle of nuclear and cellular 
division, and to determine how such activity 
compares in kind and degree to that already es- 
tablished for colchicine Root growth, prepara- 
tion, and cell observations were accomplished by 
standard techniques The per cent of cells in the 
process of nuclear division at the time of observa- 
tion, was calculated and results were subjected 


to statistical analysis Drugs were tested in con 
centrations of 0 025 to 0 8 per cent for pre 
determined time periods varying from three to 
twelve hours Typical colchicine mitotic (c-\ 
mitotic) effects were produced with all colchicine 
concentrations employed. Successful inhibition ) 
of the the spindle apparatus was achieved and 
polyploid cells were prominent. Both Venloid 
and protoveratrine A produced frequent chromo 
somal aberrations although their appearance sug 
gested a markedly different mode of action than 
that observed with colchicine. Polyploid cells 
were noted and the effects on nuclear mitotic 
division were similar to those produced by vera- 
trine, an alkaloidal mixture whose constituents 
are structuralh'^ similai to those of the Veriloid 
and protoveratrine A employed in this study 
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The Effect of Anticholinergic Compounds on 
Several Components of Gastric Secretion 
in Pylorus-Ligated Rats* 

By MORTON E. GOLDBERGf and G. VICTOR ROSSI 

A study was made of the effect of seven anticholinergic compounds: atropine, 
diphenmethanil (Prantal), oxyphenonium (Antrenyl), propantheline (Pro-Ban- 
thine), tridihexethide (Pathilon), a-(p-dimethylaminocyclohexyl)ben 2 hydrol sali- 
cylate (SCH 3085), and l-methyl-4-piperidyl benzilate methobromide (SCH 3444), 
on various factors which have been cited as bearing a relationship to peptic ulcer 
(gastric fluid volume, acidity, proteolytic activity, lysozyme activity, and mucin 
content of gastric secretion, and uropepsin activity). The levels of these several 
components were contrasted in four-hour (“normal”) and fifteen-hour (ulcerated) 
pylorus-ligated rats. Equipotent antisecretory doses of the anticholinergic drugs 
significantly reduced the proteolytic activity and free acidity, and increased the 
lysozyme activity and mucin content per ml. of gastric fluid, but did not alter mro- 
pepsin activity in four-hour ligated rats. Comparable, but less consistent results 
were obtained in ulcerated (fifteen-hour) animals. 


N O RECOGNIZED Single concept satisfactorily 
explains the development of peptic ulcer. 
In addition to nervous and psychic influences, 
which are believed to play a major role, muscle 
spasm, ischemia, mechanical irritation, decreased 
tissue resistance, and abnormal levels of the con- 
stituents of gastric secretion have been proposed 
as factors which contribute to erosion of the 
'mucosa and propagation of the ulcer. 

Hydrochloric acid and pepsin have frequently 
been implicated as agents involved in the forma- 
tion and maintenance of chronic peptic ulcer. 
Thus, drugs which possess antisecretory or anti- 
pepsin effects, or both, are regarded as major 
adjuncts in the treatment of this condition. In 
addition, abnormal levels of lysozyme (1, 2) and 
uropepsin (3, 4) activity have been considered of 
diagnostic or pathognomonic importance in pep- 
tic ulcer. 

In this study an attempt was made to correlate 
certain biochemical components, present in gas- 
tric juice or mine, which have been considered 
as bearing a relationship to the etiology of pep- 
tic ulcer. The investigation basically included a 
determination of the effects of several anticho- 
linergic compounds upon the following factors of 
the gastric juice of pylorus-ligated rats: volume, 
acidity, proteolytic activity, lysozyme activity, 
and mucin content. In addition, the excretory 
rate of the urinary proteolytic enzyme, commonly 
ly Teferred t o as uropepsin, was determined. 
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Five commercially available anticholinergics: 
atropine, diphenmethanil, oxyphenonium, pro- 
pantheline tridihexethide, and two experimental 
compounds : a- (p-dimethylaminocyclohexyl) - 

benzhydrol salicylate (SCH 3085),' and 1-methyl- 
4-piperidyl benzilate methobromide (SCH 3444),' 
were utilized in this evaluation, 

EXPERIMENTAL 

Animals and Experimental Design. — Male albino 
Sherman rats (Scott Farms), maintained on Rock- 
land complete rat pellets and water, ad libitum, 
and housed in temperature and humidity controlled 
quarters, were used throughout these studies. 
Prior to ligation of the pylorus, all animals were 
fasted for forty-eight hours but permitted free 
access to water. During the fasting and experi- 
mental periods, the animals were kept in individual 
metabolism cages designed to minimize coprophagy 
and avoid contamination of urine with fecal matter. 
Only those animals weighing between 185 and 215 
Gm. after fasting were utilized. 

The technique employed for collection of gastric 
fluid was essentially that described by Shay (5). 
The data for "normal” animals presented in this 
report are based on values obtained with the four- 
hour pylorus-ligated rat. According to Shay (5), 
evidence of ulceration was observed only once in a 
series of 300 four-hour pylorus-ligated rats. In 
this study of more than 700 similar preparations, 
gastric ulceration was never observed; therefore, 
for the purpose of this report, the term "normal” 
appears justified. 

Extension of the ligation period results in ulcera- 
tion of the stomach and the degree of ulceration is 
related to the duration of the ligation period. 
Prolonged ligation ultimately results in perforation 
of the stomach and death of the animal. The 
data for “ulcerated” animals given in this report 
are based on values obtained with the fifteen-hour 
pylorus-ligated rat. This interval was selected on 


* Generously supplied by Schering Corp., Bloomfield, 
K.J. 
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the basis of preliminary experiments which indicated 
that periods of less than fifteen hours were not 
uniformly associated ivith ulcer formation, whereas 
ligation for longer intervals resulted in excessive 
incidence of perforated ulcers, with consequent loss 
of gastric fluid. 

Following sacrifice of the animals the esophagus 
was grossly examined for evidence of ulceration, the 
stomach was incised and its contents collected in a 
graduated centrifuge tube. The mucosal surface 
of the stomach removed from each fifteen-hour 
ligated rat was examined with the aid of a stereo- 
scopic (wide-field binocular) microscope equipped 
with an ej'epiece micrometer. The “degree of 
ulceration” was estimated by a modification of 
the characterization suggested by Keyrilainen and 
Passonen (6), an evaluation which takes into 
consideration both the number and size of the 
ulcers. This S 3 'stem is outlined in Table I. 


Table I. — Ulcer Scoring System 


Numerical 


Descriptive 

Rating 

Ulcer Score“ 

Rating 

0 

0 

Normal 

1 

Hemorrhagic 

Irritation 

2 

Less than 4 

Minimal ulcera- 
tion 

4 

4 to 9 

Moderate ulcera- 
tion 

6 

10 to 19 

Moderately severe 
ulceration 

8 

20 to 39 

Severe ulceration 

10 

More than 39 or 
perforated 

Very' severe ul- 
ceration 


° Ulcer score » total number of ulcers (gastric and eso- 
phageal) -f total length of all ulcers in mm. (greatest dimen- 
sion of each ulcer). 


A study was undertaken to determine the relative 
activity of the seven anticholinergic compounds 
utilized in this investigation on the basis of reduction 
of the volume of gastric secretion. The intention 
was to establish "equipotent” antisecretory doses 
of these compounds in order that one of the factors 
being considered (i. e., volume of gastric secretion) 
would remain relatively stable throughout the 
investigation. The average volume of gastric 
fluid collected from four-hour pj’lorus-ligated rats 
following administration of several different doses 
of each of the seven anticholinergic drugs was 
compared to the average volume secreted by control 
animals which received an injection of a comparable 
volume of saline solution. All of the compounds 
utilized were dissolved in equal volumes of physio- 
logical saline and injected subcutaneously im- 
mediately after ligation of the pjdorus. The 
slope of each dose-response curve indicated a 
linearity in response and no lack of parallelism 
among the various agents studied. The calculated 
equipotent doses (Table II), which were used in all 
subsequent studies, resulted in a volume of gastric 
secretion equivalent to 37-39% of the control vol- 
ume. It should be noted that these doses may be 
considered “equipotent” only under the condi- 
tions of this investigation (i. e., four-hour pylorus- 
ligated rats of specified se.\', weight, strain, etc.). 

Analytical Procedures. — Acidity of ^e gastric 
samples was determined bj' titration with 0.02 JV 
sodium hydroxide, using dimethylaminoazobenzene 


Table II. — Approximate Equipotent Doses or 
Anticholinergic Drugs Based on Volume of 
Gastric Secretion in Four-Hour Pylorus- 
Ligated Rats 


Dose, s. c., 

Number of 

Volume of 
Gastric 4 
Secretion. 

Compound * mg./Kg, 

Animals 

ml. ± S. D. 

Control 

(saline) 

122 

5.85 ± 0.74 

Atropine 10 . 0 

30 

2.22 ± 0.35 

Oxyphenonium 1 . 0 

30 

2.25 ±0.35 

Tridihexethide 1 . 0 

30 

2.27 ± 0.48 

Diphenmethanil 

15.0 

40 

2.28 ± 0.3C 

Propantheline 0 . 05 

40 

2.31 ±0.63 

SCH 3085 2.0 

30 

2.23 ±0.41 

SCH 3444 1.0 

40 

2.29 ±0.37 


(Topfer’s reagent) and phenolphthalein as indicators 
for free and total titratable acidity, respectively. 
Measurements of pH were made with a Beckman 
pH meter. 

The method of proteolytic analysis employed in 
this study has been described previously (7). 
It represents an adaptation of Wesselraan’s (8) 
modification of the Anson and Mirsky (9) procedure, 
which essentially consists of quantitative proteolytic 
digestion of hemoglobin by pepsin. Results are 
expressed in milligrams equivalent to N. F. X 
Reference Pepsin. 

Lysozyme activity was measured by a method 
previously described (10) which represents a mod- 
ification of the bacteriolj'tic turbidometric proce- 
dures of Lobstein and Fogelson (11) and Smolelis 
and Hartsell (12). Employing crystalline lyso-~ 
zyme^' from egg white as a provisional standard, 
results are obtained in micrograras of lysozyme. 

Uropepsin determinations were performed by a 
method based upon the procedure of West, et al. 
(13). The technique basically' consists of the 
precipitation of casein particles by a sample of 
activated urine containing the enzyme. Results 
were calculated according to the procedure of 
Hollander (14) and are expressed in units of uro- 
pepsin excreted per hour; one unit of activity being 
equivalent to 0.26 meg. of cry'stallized pepsin 
(Armour) (15). 

A colorimetric procedure for the determination of 
gastric mucin was adapted from the method of 
Glass, et al. (16, 17). Gastric samples were frac- 
tionated into three components, each with chromo- 
genic activity'. Gastric mucin is observed in both 
solid (“mucoid”) and liquid (“mucoprotein” and 
“mucoproteose”) fractions of gastric juice. Results 
are expressed as mg. of mucin in each fraction or in 
the entire sample. 

RESULTS AND DISCUSSION 

Four-Hour Pylorus-Ligated Rat Study. — Deter- 
mination of "equipotent” antisecretory doses in tlit.^ 
four-hour pylorus-ligated rat indicated that, on a 
weight basis, considerable differences in antiy 
secretory' potency existed among the seven antiy 
cholinergic compounds evaluated (Table II). 
Measurement of several components of gastric 
secretion collected from pylorus-ligated rats four 
hours after administration of approximately' cqui- 


- Kindly supplied by Armour Laboratories, Chicago, III. 
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potent antisecrctory doses revealed a considerable 
specificity of action among the limited series of 
anticholinergic drugs employed in regard to the 
factors (gastric fluid volume, acidity, proteolytic 
Inactivity, lysozyme activity, mucin content, and 
uropepsin activity) investigated. 

In doses which uniformly reduced the volume of 
gastric fluid secreted during a four-hour period in 
pylorus-ligated rats to 37 to 39% of the control 
volume (i. e., approximate equipotent doses), all 
of the anticholinergic agents studied, with the 
exception of propantheline, significantly reduced 
proteolytic activity. Figure 1 indicates the mean 
proteolytic activity of gastric samples collected 
from anticholinergic treated rats in terms of per 
cent of the control value (i. e., data obtained 
from saline treated rats) on a concentration (mg./ 
ml.) basis. It is evident that the per cent reduction 
in the total amount of enzyme present in the 
gastric secretion was considerably greater than that 
presented in Fig. 1, inasmuch as the volume of 
gastric fluid secreted during the experimental 
period was markedly inhibited. 



Fig.^ 1. — Proteolytic activity and lysozyme activ- 
ity in’ the four-hour pylorus-ligated rat. PB, 
propantheline; PA, tridihexethide; AT, atropine; 
S85, SCH 3085; PR, diphenmethanil; AN, oxy- 
phenonium; S44, SCH 3444. 


The total lysozyme activity of the gastric juice 
collected from control rats (« = 30) after a four- 
hour period of ligation was found to be equivalent 
to 3.05 ±1.18 meg. of the enzs^rae. Administration 
of the anticholinergic compounds produced, in all 
cases, a significant reduction in the total content of 
lysozj-me, but an elevation in the concentration of 
lysozyme in gastric fluid These increases were 
in the range of 145-225% of normal levels of activity 
per ml. of gastric juice (Fig 1 ) 

Gastric fluid obtained from four-hour pylorus- 
Hgated rats which were not treated with anti- 
cholinergic drugs exhibited a pH of 1 35 ± 0.25. 
All seven anticholinergic compounds raised this 
^•aluc somewhat (average of pH 2 0), however, 
/there were no obvious quantitative differences in 
\this respect among the individual drugs. The 
Anticholinergic drugs uniformly’ reduced the con- 
wntration of free gastric acidity (Fig 2) to approx- 
imately onc-half of the control value, which corre- 
sponded to a decrease in free acidity’ in the entire 
gnstric fluid volume to 15-20% of the control 
level. 

None of the anticholinergic compounds signifi- 
cantly altered the uropepsin activity of urine col- 



fk AT Its PR AM 844 


Fig. 2. — Free acidity, uropepsin activity, and total 
gastric mucin concentration in the four-hour py’lorus- 
ligatedrat. PB, propantheline; PA, tridihexethide; 
AT, atropine; S85, SCH 3085; PR, diphenmethanil; 
AN, oxyphenonium; S44, SCH 3444. 

lected during the four-hour study (Fig. 2). Clinical 
reports are contradictory in regard to the effect of 
such compounds on uropepsin levels (18, 19). 
The amount of pepsinogen which enters the plasma 
appears to remain relatively constant, even after 
the administration of drugs which markedly reduce 
gastric pepsin activity. It would appear that 
none of the drugs, in the doses used, have a marked 
inhibitory effect on the endocrine activity of the 
chief cells; rather they appear to preferentially 
1 inhibit the exocrine function of these cells. 

1 Of the three drugs studied for their effect on 
1 gastric mucin levels; propantheline, diphenmethanil, 
g and SCH 3444; the latter compound produced the 
g greatest increase (approximately 60% greater 
1 than the control level) in the concentration of 
gastric mucin (Fig. 2). However, a marked de- 
crease was observed in the total amount of mucin 
secreted during the four-hour experimental period. 
This biphasic effect on' concentration and total 
secretion of mucin, probably related to the inhibition 
of gastric fluid volume, was similar to that observed 
in regard to lysozyme activity'. It has been sug- 
gested that both gastric mucoid and lysozy’me are 
derived from the surface epithelial cells of the 
gastric mucosa, therefore it is conceivable that 
changes in the level of one of these components 
would be reflected by' similar changes in the con- 
centration of the other. 

Within the series of anticholinergic drugs studied, 
a positive correlation was found to exist between the 
reduction of free acidity' and the decrease in prote- 
oly'tic activity' of the gastric juice obtained from 
four-hour pylorus-ligated rats. An inverse relation- 
ship was observed between the effects of the anti- 
cholinergic agents on the proteolytic and lysozy'me 
concentrations of gastric secretion. Lysozyme 
titer was found to be elevated to the greatest extent 
by those drugs w'hich produced the greatest de- 
creases in proteolytic activity. These effects 
appear to be partly attributable to the level of 
gastric acidity' ; a decrease in acidity being associated 
w’ith a decrease in peptic activity' (optimum pH 
1.5-2.2) and a concomitant increase in lysozyme 
activity (optimum pH approximately 6). 

Fifteen-Hour Pylorus-Ligated Rat Study. — All 
animals in this study were grouped into one of seven 
"ulcer classes” on the basis of ulcer score (Table I). 
Results of the anah'ses of the several components of 
gastric secretion (fluid volume, acidity', proteolytic 
act^^'ity’, lysozyme activity, mucin content) were 
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evaluated on the basis of both drug treatment and 
severity of ulceration. 

Doses of the seven anticholinergic drugs which 
produced approximately the same degree of inhibi- 
tion of gastric secretion in the four-hour ligated 
rat were not “equipotent” in the fifteen-hour 
ligated animal, due largely to differences in duration 
of activity. Marked differences in the extent of 
protection provided against ulceration of these 
drugs were also noted (Table III). Although the 
lowest mean ulcer score was associated with the ex- 
perimental group having the least gastric fluid 
volume and the highest ulcer scores were associated 
with groups evidencing the greatest volumes of 
gastric secretion, there was an inconsistent relation- 
ship among the remaining drug treated groups in 
regard to gastric fluid volume and severity of 
ulceration. However, if results are considered on 
the basis of ulcer response, without regard to 
drug treatment, there appears to be positive 
correlation between gastric fluid v’olume and the 
degree of ulceration produced by the experimental 
procedure employed in this study (Fig 3). 


Table HI. — Inhibition of Gastric Secretion 
AND Ulceration by Anticholinergic Drugs in 
THE Fifteen-Hour Pylorus-Ligated Rat 


Dose, s c , 


Volume of Gastnc 
Secretion, 

Ulcer 

Compound mg. /Kg 

7f/Xa 

ml i S D. 

Scored* 

Control 

(saline) 


25/30 

13.57 ± 1.67 

6.9 

Atropine 

10.6 

10/10 

10 53 ± 1.87 

3.4 

Oxyphe- 

nonium 

1.0 

9/10 

9.24 ± 2.78 

2.4 , 

Tridi- 

hexethide 

1.0 

10/10 

11.16 ± 1 89 

2.9 

Diphen- 

methanil 

15.0 

10/10 

4.20 ± 1.03 

0.0 

Pro- 

pantheline 

0.05 

10/10 

10.21 ± 2.32 

1.6 

SCH 3085 

2.0 

9/10 

13.23 ± 1.96 

4.5 

SCH 3444 

1.0 

10/10 

8.58 ± 1 49 

1.9 


0 Number of uonperforated animals/total number of 
animals employed. & Refer to Table 1. 


The effect of the anticholinergic agents on prote- 
oKTic activity was less evident in the fifteen-hour 
study than in the four-hour experiments. Only three 
eompounds (tridihexethide, SCH 3085, and SCH 
3444) significantly reduced proteolytic activity per 
unit volume of gastric secretion. Conceivably, the 
inhibitory effect of the anticholinergic drugs on 
peptic activity may terminate before their inhibitorj' 
influence on gastric fluid secretion. On the basis of 
grouped ulcer score, a definite correlation was 
demonstrated between the total proteolytic activity 
of the gastric fluid and severit}^ of ulceration (Fig. 
3). Again, the significantly greater fluid volume 
exhibited by the high ulcer score groups contributed 
markedly to this quantitative difference. 

Considerable variation in the lysozyme concen- 
tration of gastric fluid was observed among the 
anticholinergic treated groups in the fifteen-hour 
study. In general, lower levels of lysozyme activity 
were found in ulcerated than in nonulcerated animals 
but no consistent relationship could be demonstrated 
between lysozjTue concentration and severity of ul- 
ceration (Fig. 3). 

The highest free acid concentrations were found 
in the secretions of those stomachs exhibiting 



0 2 4 6 • 

ULCER SCORE 


Fig. 3. — Comparison of. gastric fluid volume, 
proteolytic activity, and lysozyme activity in the 
fifteen-hour pylorus-ligated rat on the basis of 
“ulcer score” (see Table I). 



0 I S 4 • I 

VUCER SCORE 


Fig. 4. — Comparison of free acidity, uropepsin 
activity, and total gastric mucin concentration in 
the fifteen-hour pylorus-ligated rat on the basis of 
"ulcer score” (see Table I). 


moderate ulceration, whereas lower acid concen- 
trations were associated with both lower and 
higher ulcer scores (Fig. 4). It is probable that 
neutralization of gastric acid by blood and tissue 
debris at the sites of ulceration may have been partly 
responsible for the reduced acid concentration 
observed in the severely ulcerated animals 

As was noted in the results of the four-hour 
experiments, the seven anticholinergic drugs in the 
doses used, did not significantly alter the uropepsin 
activity of m-ine secreted during a fifteen-hour period 
of pylorus ligation. Furthermore, no relationship 
was observed between the degree of gastric ulcera- 
tion produced by this technique and the levels of 
uropepsin activity (Fig. 4). 

Prolongation of the period of pylorus-ligation 
from four to fifteen hours resulted in an average 
increase of 70% in the gastric mucin concentration of 
control (saline-treated) animals as contrasted to an 
average increase of only 25% in the anticholinergic 
treated groups. Since a large percentage of the 
increase in mucin concentration was due to elevated 
mucoprotein levels, it is not improbable that th^ 
increased amounts of gastric fluid associated with ) 
the extended period of ligation may have "washed/ 
out” preformed, but as yet nonsecreted, muco^ 
protein from the mucous neck cells. The highest 
mucin concentration was associated with the 
group evidencing minimal mucosal damage ("0" 
score). As the degree of ulceration increased, a 
decrease in mucin concentration was observed 
(Fig. 4). However, increases in the severity of 
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ulceration were accompanied by progressive in- 
creases in total mucin content of the gastric samples, 
apparently related to the higher average fluid vol- 
umes characteristically found in the more severely 
ulcerated animals. 
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Antithixotropic Behavior of Magnesia Magma* 

By CLIFFORD W. CHONG, STUART P. ERIKSEN, and JOSEPH V. SWINTOSKY 


An unusual rheological behavior which involves a sol-gel transformation during 
measurement in a rotational viscometer, and a spontaneous return to a sol state on 
standing, has been observed in magnesia magma U. S. P. The phenomenon is the 
reverse of thixotropy. Thus, the term “antithixotropy” perhaps best describes this 
rheological behavior. This unique, seldom-encountered flow property was de- 
tected at shear rates of approximately 30 reciprocal seconds and greater, using a 
Drage rotating bob rheometer, and later confirmed with a modified Stormer vis- 
cometer. At rates of shear less than 30 reciprocal seconds, the material exhibited 
pseudoplastic flow. Rheograms of the data suggest that the increase in consistency 
daring shear is due primarily to an increase in the apparent yield value with no 
significant change in the slopes of the flow curves. The result is_a system which has 
good suspending characteristics, and one which, at the same time, is easily pour- 
able. Equations analogous to those used for thixotropic and pseudoplastic flows are 
presented to describe the rate at which the resistance to flow increases with duration 
of shear, and the rate of decrease in the apparent viscosity with increasing rates of 
shear. A description of the Drage Viscostructure rheometer is also presented. 


^~pHis PAPER reports the unique rheological be- 
havior of magnesia magma U S P Magnesia 
magma thickens when subjected to shear; on 
standing, it returns to a fluid state Flow be- 
havior of this type has been reported by other 
investigators (1-5) and has been designated 
“antithixotropy” (4) or “negative thixotropy” 
(2). Antithi.xotropy, heretofore found only in 
fluid polymer and pigment systems, has not been 
previously reported in pharmaceutical systems. 

The purpose of this study was to characterize 
the antithixotropic behavior of magnesia magma 
in terms of parameters similar to those used to 
describe thixotropic and pseudoplastic flows 

* Rcccncd August 21 lOSn from the Research and De 
'cjopmcnt Dnjsion of Smith Khne and French Laboratories, 
Philadelphia 1, Pa 

Presented to the Scientihc Section, A Pit A , Cincinnati 
meeting, August 1959 


EXPERIMENTAL 

Apparatus. — ^The Drage Viscostructure rheometer 
and a modified Stormer viscometer were used in 
this study The Drage rheometer, a fairly recent 
development, operates on the rotating bob-precision 
spring principle It is capable of yielding data in 
fundamental units. The instrument consists 
essentially of a freely suspended sjmehronous motor, 
a calibrated precision spring, .and four sets of meas- 
uring cups and bobs The motor drives the meas- 
uring bob which hangs concentrically in the sta- 
tionary measuring cup. The te,st fluid is placed in 
the annulus between the cup and bob, and exerts 
a frictional force nhen the bob is rotated. This force 
causes the motor to be tivisted backwards against 
the calibrated precision spring until the resistance 
encountered by the bob is the same as the counter- 
force which results from the tension of the spring 
The degrees through which the motor is turned are 
indicated on a dial, and arc proportional to the fric- 
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tional resistance exerted by the liquid on the bob. 
The instrument is capable of nine different speeds 
through the use of mechanical (gear ratio) and elec- 
trical (frequency modulation) changes. The rates 
of shear range from 4 to 1,600 reciprocal seconds, 
depending upon the cup and bob used. 

The Stormer viscometer was modified only to the 
extent of making a new cup and bob. The cup had 
a diameter of 3.18 cm. and was 5.45 cm. in height, 
while the bob was 2.54 cm. in diameter and 3.90 cm. 
in height. 

Materials. — Magnesia magma U. S. P. was stud- 
ied. Samples prepared in our laboratory were 
made by (a) the U. S P. X method* and (i) diluting 
a 30% Hydro-Magma** of magnesium hydroxide to 
7.5% to conform to U. S. P. specifications. Com- 
merical samples of magnesia magma, aluminum 
hydroxide gel U. S. P., and bismuth magma N. F. 
were also tested, the latter two for comparison 
only. 

Preparation and Prehandling of Test Samples. — 
The test samples were prepared bj^ placing the thor- 
oughly mixed magma in round 120-ml. wide-mouth 
bottles. The bottles were capped and the samples 
were stored at room temperature for seven days. 
It was found that rheograms made daily showed no 
further change after the sixth day of storage, indi- 
cating that the magma had attained structural 
equilibrium in this time. 

Immediately before measurement on the viscom- _ 
eter, each bottle of magma was placed tangentiallj' 
on a horizontally rotating shaft ( 1-in. diameter), and 
turned end over end at 44 r. p. m. for exactly one 
minute. The magma was then transferred to the 
Drage measuring cup. The measuring bob was 
gently inserted, and the assembl)' placed in position 
on the Drage instrument, in a thermostatically con- 
trolled water bath set at 25° ±0.2°. The vis- 
cometer was turned on after exactly fifteen minutes 
had elapsed from the time the magma was first agi- 
tated on the rotating mixer. 

Rheological Measurements With the 

Drage Rheometer 

The Antithixotropic Rheogram. — The general 
scheme for obtaining the data for the antithixotropic 
rheogram was to apply increasing rates of shear up 
to maximum value, followed 65- decreasing rates of 
shear. The time of shear at each shear rate was 
held constant while making both the up- and down- 
curves, i.e., the total time allowed for decreasing 
the rate of shear from the maximum shear rate was 
the same as the time used to increase it to this point. 

The Effect of Time at Constant Shear. — Six sep- 
arate samples were run in related manners, the only 
difference being the duration of shear at a constant 
initial rate of shear. The procedure is best visual- 
ized by reference to Fig. 2. The measurement of 
each sample was started at shear rate Pa which, in 
this case, was selected as the constant initial rate 
of shear. Sample 1 was sheared at rate Pa for 
fifteen seconds, then at rate Pi, for fifteen seconds, 
and finally at rate Pc for fifteen seconds, yielding the 
shearing stresses a,, bi, and Ci, respectively. Sample 


1 This method is also described in Remington's Practice of 
Pharmacy. 11th ed.. Mack Publishing Co., Easton, Pa,, p, 

^*5 Produced by Merck and Co , and distributed by Whit- 
taker. Clark, and Daniels. Inc.. New York 13. N. Y. 


2 was sheared an additional fifteen seconds at rate Do 
or a total of thirty seconds, then at rates Dj and Dc 
in fifteen-second intervals. For each succeeding 
sample, the duration of shear at rate Pa was in- 
creased fifteen seconds beyond that of the previous 
sample before obtaining the shearing stress points of 
the upcurve at rates Pi, and Pc. 

Shear rates Pa, Pt, and Dr'shown in Fig. 2 corre- 
sponded to values of 344, 515, and 688 reciprocal 
seconds, respectively. Initial rates of shear ranging 
from 9.1 to 515 reciprocal seconds were employed 
in other measurements. 

The Effect of Shear at Constant Time.— The up- 
curves of the rheograms for five magnesia magma 
samples were obtained as described above in “The 
Antithixotropic Rheogram.” For each succeeding 
sample, the duration of shear at each shear rate was 
increased by fifteen seconds. Thus, the first curve 
was made using fifteen seconds at each shear rate, 
the second using thirty^ seconds, etc. 

Rheological Measurements with the Stormer 

Viscometer 

The Antithixotropic Rheogram. — In making tlie 
upcurve with the Stormer viscometer, the sample 
was first sheared with a net force of 26.4 Gm. and 
the time for 100 revolutions of the bob was recorded. 
A 2-Gm. weight was immediately added to the weight 
pan and the same sample was once more subjected 
to shear under this increased force. The procedure 
was repeated until, in addition to the 26.4 Gm., 14 
Gm. had been added in 2-Gm. increments. Im- 
mediately after the final measurement of the up- 
curve, the procedure was reversed to form the down- 
curve, i.e,, 2 Gm. was removed from the weight pan 
after each 100 revolutions of the bob. As a result, 
shear rate values were obtained at corresponding 
shearing stresses on both the up- and downcurves. 

The Effect of Time at Constant Shear. — The 
sample was sheared with a net force of 25.4 Gm., 
and the time for 100 revolutions of the bob meas- 
ured. The measurement was repeated several times 
using the same sample and the same shearing force 
until no further change in the time for 100 revolu- 
tions was noted. 

RESULTS AND DISCUSSION 

The unique characteristic of magnesia magma is 
its reaction to shear. A pronounced increase in 
consistency may be induced by subjecting the mate- 
rial to a constant rate of shear greater than thirty 
reciprocal seconds. The degree of thickening de- 
pends upon the duration of shear, and, also, upon 
the magnitude of the stress applied. When sheared 
alternately with increasing followed by decreasing 
rates of shear, the material continues to thicken, but 
at a decreasing rate, until an equilibrium is reached 
(Fig. 1). At this stage the system is pseudoplastic^ 
and is characterized by a high apparent yield value. 
Note, however, that the slope at any point along the 
pseudoplastic flow- curve is practically the same as 
the slopes of the preceding upeurves at the corre- 
sponding rates of shear. On standing, the material 
spontaneously returns to a sol state characteristic 
of its structure prior to shearing. 

Since the flow- curves for magnesia magma were 
dependent upon both duration and rate of shear, it 
was desirable to use a standard procedure for pre- 
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RATE OF SHEAR (D SeC-') 

Fig. 1. — Rheograras showing tlie effect of repeated 
rheological measurements on magnesia magma. 



Fig. 2. — Rheograms showing the effect of duration 
of shear on magnesia magma at a constant rate of 
shear (Da). 


paring and prehandling the test samples before the 
viscosity measurements were made. The data ob- 
tained by the proposed method were reproducible 
and comparable from one measurement to another. 

The magnesium hydroxide suspensions of this 
study gave rheograms of the type shown in the first 
cycle of Fig. 1. Several points of interest can be 
noted from an examination of the flow curve. 

The upcurve is similar to the flow curve of a typical 
pseudoplastic substance As the rate of shear is 
raised, the increase in resistance to shear, r (6), per 
unit increase in the shear rate, D, approaches a con- 
stant value. Consequently, the upper portion of the 
curve approaches a straight line asymptotically. 
After the top rate of shear has been reached, the 
succeeding shearing stress measurements along the 
downcurve assume values larger than those on the 
\ upcurve at the corresponding rates of shear. 

If, after the downcurve is completed, the rate of 
shear is promptly increased again, the points along 
the upcurve will lie greater than those previously ob- 
tained at the same shear rates The points along 
the subsequent downcurve will be even larger than 
those found earlier. Successive up- and downcurves 


will yield larger and larger shearing stress values at 
each rate of shear. The rate of increase in shearing 
stress diminishes, however, until an equilibrium is 
established where both the up- and downcurves co- 
ineide as shown in Fig. 1. At this equilibrium the 
system is gel-like and possesses the unusual ability 
to suspend large, dense particles while still being 
readily' pourable. For instance, glass beads, 1-mm. 
in diameter and having a density of 2.5 appear to 
remain suspended as long as the system is in this 
gel state. As the system spontaneously reforms its 
sol structure on standing, the glass beads sloivlj' 
settle. 

The Effect of Time at Constant Shear. — The ef- 
fect that duration of shear has upon the resistance 
of magnesia magma to shear is shown in Fig. 2. 
The figure represents upeurves made on samples 
each of which had been subjected to increasing dura- 
tions of shear at a constant initial shear rate indi- 
cated by Da. The straight line portions of the 
upeurves, connecting the points a, b, and c, show the 
parallel relationship between the slopes of the curves; 
also, extrapolation of the lines to the shearing stress 
axis indicates the apparent yield values, /o. The 
qualification "apparent” is intended to indicate that 
the measured yield values vary with rate of shear. 

A linear relation results when the shearing stress, 
r (or the apparent yield value, fa) is plotted against 
the logarithm of the time, I, at shear rate Da. This is 
shown in Fig. 3. The relation between the ehange in 
shearing stress (or apparent yield value) and the 
duration of shear, then, may be expressed similarly 
to data of thixotropic flow systems (7). 


R = 


T2 ““ T| 

log h/i, 


or 


fa. — fa , 

log h/h 


where-A is the constant which describes the inter- 
relationship between shearing stress (or apparent 
yield value) and duration of shear, and might be 
termed the coefficient of increased resistance to shear 
with time. The magnitude of the constant Ris a 
function of the constant rate of shear used. Da, as 
indicated by the change in the slopes of the r -errar 
log t plots at various values of Da. 

It is interesting to note that the increase in shear- 
ing stress occurs only at rates of shear greater tiian 



Fig. 3. — TaCtCascd res^arce 
magma as a hmcrirn of ; 


.0 snear or mnimesm 
ie-mte of shear: 
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approximate!}^ thirty reciprocal seconds. Below 
this value, the effect of duration of shear is appar- 
ently nil. A rheogram of the data obtained at shear 
rates less than thirty reciprocal seconds results in a 
typical pseudoplastic flow curve as shown in Fig. 4. 

In Fig. 5, values of log R obtained above shear 
rates of thirty reciprocal seconds are plotted versus 
log D. This plot yields a straight line which de- 
scribes how the resistance to shear increases with time 
at various constant rates of shear. 

The Effect of Shear at Constant Time. — Although 
there is an increase in the resistance to shear with 
time when magnesia magma is subjected to a con- 
stant rate of shear, there is, in addition, a decrease 
in the apparent viscosit}' with increasing rates of 
shear as illustrated in Fig. 6. Analogous to pseudo- 
plastic systems (8), a straight line is obtained when 
the log of apparent viscosity,® va, is plotted against 
the log of shear rate, D (Fig. 7). The apparent 
viscosity in this case, is defined by the equation 

rja = tID 

which describes the slope of the line connecting 
the point (t, D), on the upcurve of the rheogram, 
with the origin. The relation between the apparent 
viscosity and the rate of shear corresponding to it 
on the upcurve may be described by the equation 

<? = '°g rtai/nai 
log D^/D, 

where 5 is the coefficient of decreasing apparent 
viscosity with increasing rates of shear. Figure 7 
indicates that the constant 5 is relatively independen 
of the duration of shear at each shear rate. 

It should be noted that the exact shape and posi- 
tion of the up- and downcurves, at constant dura- 
tions of shear, will be governed in considerable meas- 
ure by the instrument and the rates of shear chosen 
for the rheological measurements. The constants 
R and S, therefore, as determined in this study are 
not absolute values assignable to magnesia magma, 
but are rather relative values for determining the 
influence of (a) a constant rate of shear on shearing 
stress when the duration of shear is the variable, and 
(i) a variable rate of shear on shearing stress when 
the duration of shear at each shear rate is constant. 
B}' using this experimental approach, it has been 
possible to characterize the rheological behavior of 
magnesia magma, in a range of shear rates from nine 
to six hundred and eighty-eight reciprocal seconds, 
in terms of recognized rheological parameters. 

Studies with the Stormer Viscometer. — It seemed 
desirable to use another viscometer to determine 
if the data obtainable from it would confirm the 
antithixotropic behavior of magnesia magma ob- 
served in studies witli the Drage instrument. The 
Stormer viscometer was used for this purpose. Data 
which show the increased resistance to shear with 
duration of shear at a constant shearing force of 
25.4 Gm. are given in Table I. 

The rates of shear in Table I were calculated ac- 


> Normally, for pseudoplastic systems the loff of sbearini; 
stress, T, rather than the apparent viscosity, rja. is plotted 
against the log of shearing rate, D, yielding a straight line of 
slope >1. This plot yields a straight line for antithixotropic 
data also. Since, however, we desired to show the decrease 
in the ability of magnesia magma to resist flow with increas- 
ing rates of shear, it was felt that the apparent viscosity plot 
was more illustrative. 
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Fig. 4. — Rheogram of data obtained at rates of shear 
less than 30 sec."'. 



Fig. 5. — Plot of log constant rate of shear {Da) vs. 
log R. 
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Fig. 6. — Rheograms showing the effect of duration 
of shear upon the upcurve. 
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Fig. 7. — Plots of log Tja vs. log D showing the rates 
at which the apparent viscosity decreases with in- 
creasing rates of shear at various durations of shear 
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Fig. 8. — Stormer rheogram for magnesia magma. 


cording to the method described by Reiner and 
Riwlin (9). 

^ 2 (r. p. m.) Rc 

9.55 

where Rc and iJj are the radii of the measuring cup 
and bob, respectively. 

The gradual increase in the time of 100 revolutions 
of the bob indicates that magnesia magma increases 
in consistency when it is sheared repeatedly with a 
constant shearing force. After the seventh trial 
there is no further change in the time. This may be 
due to either or both of two things: (a) the system 
has attained structural equilibrium, or (i) since the 
rate of shear has decreased to less than thirty 
reciprocal seconds no further increase in consistency 
will occur. 

Stormer viscometer data which show the anti- 
thixotropic behavior of magnesia magma are given 
in Table II. A rheogram of the data is shown in 
Fig. 8. 

The Stormer viscometer operates only at selected 
shearing stresses. As a result, the duration of 
shear varies at each rate. Despite this inability to 
maintain a constant duration of shear, as one can 
with the Drage rheometer, the data obtained with 
the Stormer viscometer can be plotted to show the 
typical flow curves of time-shear dependent sub- 
stances. Consequently, the Stormer rheogram in 


Fig. 8 shows the characteristic antithixotropic flow 
curve as the Drage rheogram in the first cj'cle of 
Fig. 1. 

The phenomenon of antithixotropy is seldom 
encountered in pharmaceutical systems. Even 
among the suspensions chemically related to magne- 
sia magma, such as aluminum hydroxide gel U. S. P. 
and bismuth magma N. F., we failed to find signs 
of such behavior. Instead, these substances were 
thixotropic, A comparison of the flow curves of 
these substances with that of magnesia magma is 
shoivn in Fig. 9. 

Although antithixotropy bears some resemblance 
to dilatancy and also to rheopexy, it nevertheless 
differs from them in several important respects. 
The rheological behavior of antithixotropic systems 
is dependent upon the duration as well as the rate 
of shear. Dilatant systems are dependent upon 
rate of shear only. Rheopectic systems, i. e., those 
which gel more rapidly when a small shear is applied 
than when at complete rest (10), are gels at equi- 
librium ; antithixotropic systems are sols. 

Eliassaf, e/o/. (2), have suggested that antithixot- 
ropy in polymethacrylic acid solutions probably 
results from the fact that, during flow, the collision 
frequency of polymer molecules increases, causing a 
build-up of intermolecular bonds with time. Har- 
vey, cl al. (3), attributed this same rheological 
phenomenon in pigment suspensions to a shift in 


Table I. — Data Obtained with the Stormer Viscometer Showing the Increase in the Resistance 
TO Shear utth Duration of Shear at a Constant Shearing Force of 25.4 Gm. 


Trial 123456789 10 

Time of 100 rev. (sec.) 130 147 161 172 183 194 204 204 204 204 

Rate of shear (sec.->) 46.1 40.5 37.3 34.9 32.8 30.9 29.4 29.4 29.4 29 4 


Table II. — Data from Stormer Viscometer Demonstrating Antithixotropy 


Driving weight, Gm. 

Time of 100 rev., sec. 

26.4 

28.4 

30.4 

32.4 

34.4 

36.4 

38.4 

40.4 

Upcurve 

15S 

106 

76.8 

54.4 

43.6 

35.6 

28.4 

24.0 

Downcurve 



750 

214 

119 

59.6 

37.6 

Upcurve 

3S.0 

56.0 

78.1 

110 

138 

169 

211 

250’ 

Downcurve 



8 

28 

50.4 

101 

160 




552 


Journal of the American Pharmaceutical Association 


Vol. 49, No. 8 



RATE OF SHEAR (D sec->) 

f Fig. 9. — Drage rheograms for magnesia magma, 
aluminum hydroxide gel, and bismuth magma. 

the equilibrium between two states of flocculates 
one having large numbers of small flocculates, and 
the other, small numbers of large flocculates. 
Both postulates probably describe similar phenom- 
ena, the second being the one most applicable to 
our system. From these theoretical conjectures, it 
would seem that the coefficient of increased resist- 
ance to shear should be some function of the rate 
of shear. Figure 5 indicates that with magnesia 
magma this is true. Also, it indicates that this 
coefficient is approximately equal to the square root 
of the shear rate used to obtain it (or is one-half 
order with respect to shear rate, in the kinetic 
sense). 

Eliassaf also suggested that shear acts both in 
increasing and decreasing the resistance to shear. 
He attributed the difference between thixotropic 
and antithixotropic flows to a shift in the balance 
between these two effects. It appears from our 
data that a more complex situation exists in magne- 
sia magma. At rates of shear below thirty reciprocal 


seconds, the flow curve indicates pseudoplastic 
behavior. At shear rates greater than thirty 
reciprocal seconds, the particle collision frequency 
increases to such an extent that the rate of increased 
resistance to shear with time becomes noticeable; 
moreover, the rate of decreased apparent viscosity 
with increasing rates of shear is relatively insensi- 
tive to the duration of shear, as shown by the 
parallelism of the lines of Figs. 2 and 6. This 
suggests that the increased resistance to shear with 
time and the decreased apparent viscosity with 
increasing rates of shear are concerned with two 
separate and distinct features of the system. 

We suggest that these features are the floccule 
size and their alignment. The apparent increased 
resistance to shear with time at a constant shear 
rate results from an increase of floccule collision 
and a consequent change in floccule size, the change 
progressing until an equilibrium state is reached. 
On the other hand, the decreased apparent viscosity 
with increasing rates of shear results from greater 
floccule alignment in the direction of flow. With 
alignment there is a lower energy^ requirement for 
the bob to move through the medium than would he 
necessary if the increased alignment had not oc- 
curred. Further study, however, is required to 
clarify this rheological behavior. 

The possible applications of this type of rheo- 
logical behavior to product development are 
receiving our consideration. Also, we have under 
preliminary investigation, several other systems 
which appear to exhibit antithixotropy. 
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Synthesis and Metabolic Studies of C^^^^Labeled 
Hemicholinium Number Three* 

By FLOYD R. DOMERt and F. W. SCHUELER 


Synthesis of C“-labeled hemicholinium No. 3 
(HC-3) with a specific activity of 2.788 me./ 
mM is described. Twenty-four hour studies 
of rats in metabolism cages indicated 57.5 
per cent of an injected dose is excreted in the 
urine, 15.6 per cent is excreted in the feces, 
and none is excreted in the expired carbon 
dioxide. Tissue distribution studies did not 
show any site of localization in rats. 


Tn 195-1 Long and Schuekr (1) synthesized a 
•*■56065 of compounds in an attempt to find a new 
type of anticholinesterase structure. Of special 
interest in this series was the compound which 
exhibited the lowest anticholinesterase potency. 
It proved to be the most toxic compound in 
causing death after a period of time had elapsed. 
A further study by Schueler (2) indicated that 
the compound, now called hemicholinium No. 3_ 
(HC-3), depressed activity in the central nervous 
system. The potent respiratory depressant ac- 
tivity of this compound was attributed to its 
ability to form a hemiacetal configuration. 
Kas6 and Borison (3) have shmvn HC-3 to 
have a primary site of action in the central 
nervous system. 

HC-3 has also been found to have peripheral 
activity. In 1956 Macintosh, et al. (4), showed 
that it had an effect on the rate of acetylcholine 
formation in the perfused superior cervical 
ganglion of the cat. Longo (5) recorded phrenic 
respiratory action potentials in rabbits and cats 
and obtained evidence compatible with nemo- 
muscular blockage. Reitzel and Long (G) made 
an extensive study of the peripheral effects of 
HC-3 and found that it had neuromuscular 
blocking activity when the preparation being 
studied was stimulated fast enough to use up 
the stored acetylcholine. Wilson and Long (7) 
also found HC-3 had activity at numerous periph- 
eral sites. It was sho^vn to be much more potent 
as an inhibitor of transmission at the neuromuscu- 
lar junction and parasympathetic end organs than 
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at a sympathetic ganglion and splanchnic nerve- 
adrenal gland junction. Desmedt (8) demon- 
strated that HC-3 caused results in skeletal 
muscle of cats which appeared to be identical 
rvith the characteristic picture seen in patients 
suffering from myasthenia gravis. Orkand and 
Martin (9) used intracellular electrodes in the 
frog foot to show that high doses of HC-3 pro- 
longed the period of depolarization and changed 
the shape of the end plate potential. This indi- 
cates that HC-3 may have an effect directly on 
the muscle in sufficient^ high doses. 

The preceding discussion indicates the scope 
of the experiments which have been carried out 
to show the central and peripheral actions of 
HC-3. Numerous studies have indicated choline 
to be the most effective antagonist to the action 
of HC-3 (2, 6, 10-12). It has been suggested 
that HC-3 prevents the transport of choline to 
the necessary intracellular sites where it is 
acetylated to form acetylcholine. A possible 
site of HC-3 action which would account for its 
central nervous S3'stem activity is in the blood- 
brain barrier where it could prevent choline 
transport. To test this hypothesis the present 
studies involve the synthesis of radioactively- 
labeled HC-3, its localization in various body 
tissues, and routes of elimination from the body. 


EXPERIMENTAL 

Chemical Procedures . — Tertiary Amine Ajiaiog of 
HC-3 . — To 20 Gm. (71.6 mil/) of />,/>'-bisphenacyl 
chloride uvs added 6.4.5 Gm. (85.9 mill) N-methyl- 
aminoethanol in a flask placed in a water bath to 
prevent overheating. The reaction mixture was 
allowed to stand overnight. A 3-volume excess of 
water was then added and the reaction mixture 
allowed to stand overnight, during which time 
a brown precipitate formed. After washing several 
times with water the precipitate was collected on a 
filter. This product was extracted with boiling 
benzene and crystallized on cooling. It was 
repeatedly recrystallized from absolute ethanol. 
The melting point was 97-99° and the yield 58.4% 
of the theoretical amount. This agreed with the 
compound previously prepared in our laboratories 
by Dr; S. Kruger which was recrystallized from 
methanol. On analy'sis it was found to contain 
one mole of methanol of crystallization. 

Calcd. for C.. His NiO, -GHjOH; C. 66.34- 
H^7.69; N, 6.73. Found; C, 66.27; H, 7.53; N,' 

C"-HcmkhoUnium No. 3.— To 147.5 mg. (384 
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tiM) of the tertiary amine thus prepared and placed 
in 8 ml. of 95% ethanol, 73 mg. of C'^HjBr (753 
liM) which had been prepared in the manner 
described by Foreman, et al. (13), was added. When 
the addition wa5 complete the mixture was stirred 
at room temperature for twelve hours. An excess 
of nonradioactive CHaBr (94.4 mg.; 994 ixM) was 
then added and the reaction stirred at room tem- 
perature for forty-one hours. Precipitation was 
completed bj’ adding absolute ether and cooling in 
a drj' ice-acetone bath. The product was filtered 
on a tared, medium-fritted Buchner funnel. Further 
recrj'stallization from ethanol resulted in a 95.2% 
yield of the theoretical of the compound which 
melted at 178-180°. The reaction sequence is 
outlined below 


O O 

II II 

CICH2— C— ^ X CH^Cl + 

CH3NHCH2CH2OH — 



The specific activity of the compound was deter- 
mined by dissolving a sample of the HC-3 in a 
liquid scintillator solvent containing 2.5-diphenylox- 
azole (PPO) and l,4-di-[2-(5-phenylo.\azolyl)l ben- 
zene (POPOP) in toluene and counting on a Los 
Alamos liquid scintillation counter (14). The 
specific activity was 2.788 mc./milL The radio- 
chemical purity was found by autoradiography 
following descending paper chromatography. What- 
man No. 1 paper I'/r X 18 in. was used with a 
solvent sj'stem of «-butanol-eth 3 'lene glycol-water 
(4:1:1 by volume). The chromatogram obtained 
in this procedure was placed against medical X-ray 
film and allowed to develop for an appropriate time. 
The R/ of the C'^HC-3 in this sj^stem was 0.45. 

Biological Procedures. — All animals used in these 
studies were male, Sprague-Dawley rats weighing 
approximately 250 Gm. The dose of HC-3 used 
was 40 mcg./Kg. i. p. which is slightly less than the 
LDso previously reported (2). 

C”HC-3 was given to four rats which were 
immediately placed in individual all-glass me- 
tabolism cages for twenty-four hours. The use of 
similar cages for mice has been previously described 
(15). They were so arranged as to collect separately 
the expired carbon dioxide in a sodium hj'droxide 
solution, urine, and feces. An aliquot of the 


sodium hydroxide solution was treated with an 
excess of a solution of 4 ilf ammonium chloride and 
0.4 M barium chloride in C02-free water. The 
precipitated barium carbonate was collected on a 
medium-fritted Buchner funnel, dried in an oven, 
and weighed. A sample of this precipitate, along 
with aliquots of urine, feces, and other tissues were 
subjected to the procedure as has been previously 
described for counting of tissues in a refrigerated 
liquid scintillation counter (16). 

A second series of animals were killed at varying 
periods of time after injection, i. e., twenty minutes, 
forty minutes, three, six, twelve, and twent\’-four 
hours. One of each pair ivas then perfused via the 
left ventricle with about five blood-volumes of 
saline so as to remove the blood from the organs 
being studied. This is similar to the method of 
Schoolar, et al. (17). Tissues from both animals of 
the pair were then prepared and analyzed as in the 
previous section. 

To study the possibility of secretion of the com- 
pound into the bile and on into the intestine, two 
chronic bile-fistula rats were prepared. The 
polyethylene cannula was run through a stab wound 
in the side of the animal. The animals were 
immobilized in Bollman-type cages and given S% 
glucose in saline as drinking water and solid food, 
ad. libitum. Following a forty-eight-hour recovery 
-period C”HC-3 was injected and bile collected for 
two twelve-hour periods. 

Autoradiographs were prepared of sections of the 
brain, liver, and kidneys from animals killed 
twenty minutes, forty minutes, and tw'enty-four 
hours after injection. Urine samples and water 
extracts of feces were chromatographed using the 
previously-mentioned w-butanol-ethylene glycol- 
water solvent system. These samples and chro- 
matograms were then exposed to X-ray film for an 
appropriate length of time. 

RESULTS AND DISCUSSION 

The results of the twenty-four hour metabolism 
experiments can be seen in Table I. It will he 
noted that animal No. 4 shows a wide discrepancy 
from the other animals. Presumably, this is due to 
the injection having been made into the intestine 
instead of into the peritoneal cavity. If this animal 
is neglected the average results show 57.5% is 
excreted in the urine, 15.6% excreted in the feces, 
and none excreted in the expired carbon dioxide. 
There was no radioactivity secreted into the bile 
in the chronic bile-fistula animals. This, coupled 
with the results seen in animal No. 4 in which the 
HC-3 was very poorly absorbed from the intestine 
suggests that the HC-3 is transported into the 
intestinal lumen from the surrounding peritoneal 
cavity or bloodstream while movement in the 
reverse direction is much slower. This would 


Table I. — Twenty-Four Hour Excretion of C” 


Animal No. 

C** d. p. m. 

-Unne s 

° % Inj. Dose 

C** d. p. m. 

'Feces * 

% Inj. Dose 

C' d. p. 

CO2 

m. % Inj. Dose 

1 

75 , 184 

56.7 

14,212 

10.7 

557 

0.42 

2 

54,252 

45.4 

26,914 

22.5 

0 

0 

3 

95,309 

70.3 

18,298 

13.5 

0 

0 

4 

3,390 

3.0 

90,292 

81.9 

0 

0 


a d. p. m. = Disintegrations per minute. 
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Table II. — C“ Tissue Distribution of Twenty-Minute Animals 











%of 

d./min./ 


% of 

d./min./ 

Tissue 

d./min. 

Inj. Dose 

Gm. 

d./min. 

Inj. Dose 

Gm. 

Liver 

2,628 

2.4 

223 

0 

0 

0 

Spleen 

775 

0,7 

1,026 

279 

0,3 

360 

Kidneys 

570 

0.5 

279 

996 

0,9 

437 

Mdscle 

0 

0 

0 

0 

0 

0 

Brain 

420 

0.4 

225 

183 

0,2 

103 

Feces 

3,799 

3.5 

2,282 

2,880 

2,7 

1,734 

Urine 

546 

0.5 

910 

0 

0 

0 

Blood 

57,312 

53.1 

2,274 

18,631 

17.2 

736 

Plasma 

0 

0 

0 

0 

0 

0 


Table III.- 

— C''* Tissue Distribution op Forty-Minute Animals 




■r^ e 



/ . . . t 




% of 

d./min./ 


% of 

d./mini/ 

Tissue 

d./min. 

Inj. Dose 

Gm. 

d./min. 

Inj. Dose 

Gm, 

Liver 

4,955 

4,2 

379 

3,028 

2.6 

221 

Spleen 

1,046 

0,9 

1,187 

468 

0,4 

521 

Kidneys 

3,526 

3,0 

1,575 

1,761 

1.5 

733 

Muscle 



218 



96 

Brain 

408 

0,3 

221 

60 

0.1 

32 

Feces 

3,278 

2,8 

1,421 

15,674 

13.6 

3,164 

Urine 

40,959 

35,1 

45,510 

14,612 

12.6 

22,137 

Blood 

38,906 

33,4 

1,425 

23,506 

20.3 

871 

Plasma 

0 

0 

0 

0 

0 

0 



Table IV,- 

— C‘< Tissue Distribution of Three-Hour Animals 









Tissue 

d./min. 

— UnperfuseQ''~~ 
%of 

Inj. Dose 

d./min./ 

Gm. 

d./min. 

" x'eriused~"'”~' 
%of 

Inj. Dose 

d./min./ 

Gm. 

Liver 

7,098 

7.0 

643 

6,572 

5,8 

487 

Spleen 

Kidneys 

959 

0.9 

1,391 

1,833 

1,6 ' 

1,660 

2,567 

2.5 

1,307 

1,856 

1.6 

714 

Muscle 



78 


32 

Brain 

"o 

0 ' 

0 

’ " 0 

o' ' 

0 

Feces 

9,164 

9.0 

2,356 

16,286 

14.5 

3,185 

Urine 

47,498 

21,420 

46.6 

21,590 

62,622 

65.6 

14,910 

Blood 

21.0 

900 

6,920 

6.1 

263 

Plasma 

0 

0 

0 

0 

0 

0 



Table V. 

— C*'* Tissue Distribution of Six-Hour Animals 




■ - - 



. 


Tissue 

d./min. 

U i UoLtl 

%or 

Inj, Dose 

d./min./ 

Gm. 

d./min. 

■■ “ert used”""”" 

%of 

Inj. Dose 

d./min,/ 

Gm. 

Liver 

2,694 

3.0 

316 

7,550 

7.6 

626 

Spleen 

325 

0.4 

496 

835 

0.8 

872 

Kidneys 

1,936 

2.1 

1,108 

1,584 

1.6 

742 

Muscle 



179 



378 

Brain 

’ '261 

'o.’s 

158 

" ' 0 

0 ' 

0 

Feces 

19,154 

21.0 

6,839 

6,885 

7.0 

4,167 

Urine 

58,734 

64,4 

32,630 

71,743 

72.6 

19,390 

Blood 

7,950 

8.7 

373 

22,755 

23.0 

985 

Plasma 

0 

0 

0 

0 

0 

0 



Table AT.- 

-C'‘ Tissue Distribution of Twelve-Hour Animals 




“"Unperf used"”"”” 





Tissue 

d./min. 

% of 

Inj. Dose 

d./min./ 

Gm, 

d./min. 

- — •Perfused 

%of 

Inj. Dose 

d./min,/ 

Gm. 

Liver 

6,757 

6.1 

701 

2,217 

2.1 

189 

Spleen 

348 

0.3 

460 

850 

0.8 

1,205 

1 Kidneys 

1,634 

1.5 

769 

1,352 

1.3 

531 

Muscle 

0 

0 

0 

0 

0 

0 

Brain 

0 

0 

0 

0 

0 

0 

Feces 

30,287 

27.2 

5,747 

26,819 . 

25.9 

10,737 

Urine 

78,498 

70.5 

12,460 

63,423 

61.2 

23,490 

Blood 

25,379 

22. S 

976 

24,424 

23.6 

1,009 

Plasma 

0 

0 

0 

0 

0 

0 
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Table VII. — C’"* Tissue Distribution of Twenty-four-Hour Animals 


Tissue 

d./rain. 

Unperfused 

% of 

Inj. Dose 

d /min / 

Gm 

d./min. 

Perfused 

%of 

Inj. Dose 

d./min./ 

Gm. 

Liver 

3,015 

2.7 

369 

1,260 

1.1 

110 

Spleen 

237 

0.2 

353 

199 

0.2 

386 

Kidneys 

636 

0.6 

316 

1,137 

1.0 

470 

Muscle 



203 

0 

0 

■0 

Brain 

0 

0 

0 

0 

0 

0 

Feces 

90,292 

79 6 

17,321 

26,914 

22.5 

3,782 

Urine 

3,390 

3 0 

295 

54,252 

45.4 

3,487 

Blood 

0 

0 

0 

18,930 

15.9 

678 

Plasma 

0 

0 

0 

0 

0 

0 



HoNT* Po«l Inj«tlen 


Fig. 1. — Typical urinary e.xcretion following C” 
HC-3. 

explain the previously-reported large increase in 
LDso when the compound is administered orally 
(2). Figure 1 shows typical results obtained witli 
urinary excretion of the radioactivity. It indicates 
that the compound is very rapidly excreted into the 
urine. Autoradiographs of urinary chromatograms 
showed only one compound to be present. It had 
a A/ of approximately 0.45 and was evidently the 
parent compound. This, along with the lack of 
respirator}' C *'02 suggests that there is little, if 
any, biotransformation of HC-3 in the body. 

Tables II-VII show the tissue distributions at 
varying times after injection. It will be noted that 
in most of the twent}'- and fort}'-minute animals 
some of the compound had already appeared in the 
urine and feces. This indicates the rapidity with 
which the body eliminates the HC-3. Table VI 
shows that 87-97% of the compound was eliminated 
in the urine and feces in the first twelve hours fol- 
lowing injection. The only times at whieh any 
radioactivity was found in the brain were at twenty 
and forty minutes after injection (the times observed 
to be the onset of and most severe respiratory 
difficulty). Autoradiographs of the brain did not 
show any localization of the activity. This does 
not indicate that the blood-brain barrier is involved 
in the central activity of HC-3, but it also does not 
preclude the possibility that it may be acting there. 
An interesting point which can be seen in these 
data is that even though there was nearly always a 
detectable blood level of radioactivity none was 
ever found in the plasma. This suggests the HC-3 
was adsorbed onto or held within the formed ele- 
ments of the blood. When one considers the 


acetylcholine-acetylcholinesterase activity of the 
erythrocytes this affinity is not too surprising. 
All of the sites of action which have thus far been 
found for HC-3 have been where cholinergic mech- 
anisms exist. It will be noted that in some instances 
the return was greater than the injected amount of 
radioactivity. The most probable source of this 
error is the blood. In this analysis only 20X 
was used as an aliquot and the resulting solution 
was so highly colored there was a great deal of 
quenching. Both of these facts would contribute 
to error in the determination. 

Autoradiographs of the kidney showed some 
localization of radioactivity in the -pelvis and in the 
cortex and/or capsule. There was no localization 
of radioactivity in the liver. 


SUMMARY 


The synthesis of C“-labeled hemicholinium 
No. 3 (HC-3) has been described. Twenty-four' 
hour metabolism studies with rats indicated that 
the HC-3 is rapidly excreted in the urine and 
feces (ratio approximately 3:1). Tissue dis- 
tribution studies in animals at various times 
after injection failed to show any sites of locali- 
zation in various organs of the rat. 
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Notes 


Note on the Chemical Components of Extracts of 
Eremocarpus setigerns* 

By S. NAITO and C. R. NOLLER 


N U5IEROUS PLANTS wcrc used b}' the native 
California Indians as fish poisons, but the 
two most highly esteemed for this purpose were 
Chlorogalum pomeridiamim (soap root or amole), a 
member of the lily family, and Eremocarpus sctigerus 
Benth {Piscaria sctigcra Piper; turkey mullein, or 
dove weed), a member of the spurge family (1). 
The active principles of the former are saponins 
ivhicli yield sugars and steroid sapogenins on hy- 
drolysis (2). 

The common names "dove weed” and "turkey 
mullein” refer to the fondness of wild turke}'s and 
mourning doves for the seeds of the plant. “Mul- 
lein" refers to the woolly, mullein-like appearance 
of the leaves, which is due to prickly, compound 
stellate hairs that radiate outward from the leaf in 
all directions. Some Indians attributed the killing 
action on fish to these hairs, which, they said, attach 
themselves to the eyes and gills and make the fish 
frantic (3). However, it was a simple matter to 
show that a carefully filtered aqueous extract of the 
leaves and the unfiltered extract were equally 
•,.toxic to goldfish. It is reported also (4) that the 
Indians applied the bruised fresh leaves to the chest 
as a counter-irritant for pain and that a weak de- 
coction of the plant was used as a bath in typhoid 
and other fevers and taken internally as a cure for 
chills and fever. In our experience, concentrated 
extracts have a strong vesicant action, and collect- 
ing the plants for a whole day using leather work 
gloves eventually led to complete loss of the outer 
layer of skin of the palm and fingers of the right hand 
without the formation of blisters. 

Preliminary examination, using goldfish for 
toxicity tests, showed that the active principle is 
extractable by acetone, methanol, ether, ethylene 
chloride, or benzene. In the general procedure used 
to obtain material for chemical investigation, the 
ground fresh plant, collected during the month of 
July, was extracted with hot methanol, and the 
methanol was removed under reduced pressure. 
The residue was a mixture of the water-soluble com- 
ponents dissolved in the water extracted from the 
plant, and the water-insoluble or slightly' soluble 
components. Extraction of the mixture with bcn- 
rene gave a benzene-soluble fraction and an aqueous 
soivition. All of the active material w'as in the 
benzene extract and none in the aqueous lay’cr. 
'.Accordingly the active principles are not rvater- 
f soluble saponins. 

\ Removal of the benzene from the extract left a 
Jii.ork green sticky' residue. The residue was dis- 
.'^olved in peroxide-free ether and chromatographed 
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on alumina. Individual fractions were rechroma- 
tographed to give three crystalline products, 
which, in the order of decreasing ease of elution, 
proved to be paraffinic, alcoholic, and phytosterolic, 
none of which was toxic to fish. The melting points 
and analy'ses of these compounds agreed ivith those 
expected for hentriacontane, hexacosanol, and d- 
sitosterol, but the possibility that they' are difficultly 
separable mixtures such as commonly' are found in 
plant W'axes (5) and plant sterol fractions (6) was 
not rigorously' excluded. The more strongly' ad- 
sorbed fractions were thick, sticky oils which were 
highly' active. At a concentration of one part per 
million, the mean survival time of goldfish was 
seventy'-five minutes for the crude benzene extract 
and twenty'-two minutes after chromatographing. 
This toxicity may' be compared with a survival time 
of forty'-nine minutes for rotenone (7), two hundred 
minutes for croton oil, and thirty-five minutes for 
croton resin (8). 

In another modification of the procedure, the 
residue left on evaporation of the benzene ivas dis- 
tributed between hexane and aqueous methanol. 
All of the active material entered the methanol lay'er. 
Dilution of the methanol with ivater, extraction 
with ether, and evaporation of the ether left a sticky 
dark residue which was chromatographed on 
alumina. No crystalline fractions were obtained, 
and the toxic material appeared in the more strongly' 
adsorbed fractions. 

All attempts to obtain a single pure compound 
from the toxic fractions failed. Highly active frac- 
tions could be obtained by' chromatography', but 
no cry'Stalliiie product or crystalline derivative could 
be obtained. When a highly' active fraction, sepa- 
rated by chromatography, was heated at 1.5 mm., 
a portion distilled in the range 130-185°. The por- 
tion boiling at 130-150° was inactive; that boiling 
at 160-185° was active, but not more so than the 
original fraction, and the portion distilling was 
small in amount. 

Light-colored, highly-active fractions obtained by 
chromatography were free of nitrogen, sulfur, .and 
halogen. Their infrared spectra indicated the pres- 
ence of hydroxyl (2.98 n, 3,355 cm.-') and carbonyl 
groups (5. 80 / 1 , 1,725 cm.“', and 5.85fi 1,710cm. ~>). 
However, all attempts to prepare crystalline de- 
rivatives using reagents for hydroxyl and carbonvl 
groups failed. Refluxing with alcoholic sodium 
hydroxide gave a neutral fraction and an acidic 
fraction. Both fractions were heavy' sticky oils 
and no crystalline derivatives could be prepared 
from either fraction. 

_ Because Croton iiglinm, from the seeds of which 
IS obtained the highly toxic croton oil, also is a mem- 
ber of the spurge family, the possibility of identity 
or smnlanty of our extracts to croton oil iras con- 
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sidered. The literature on the chemical nature of 
croton oil has been summarized recentlj’ (9). . In 
contrast to croton oil, saponification did not yield a 
crj'stalline product analogous to "phorbol” (10), nor 
could any crystalline esters (9) be obtained. Boehm 
states (11) that croton resin gives an intense red- 
brown color with alcoholic potassium hydro.vide or 
sodium ethoxide, a rose red and then dark brown 
color on boiling with alcoholic hydrochloric acid, 
and a grass green color when warmed \vith con- 
centrated sulfuric acid. Active fractions from 
Eremocarpus are not changed in color by alcoholic 
sodium ethoxide, merely darken when boiled with 
alcoholic hydrochloric acid, and turn a dark reddish- 
brown when warmed with concentrated sulfuric 
acid. 
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Note on the Characteristics of an Apomorphine Response 

in Pigeons* 

By A. M. BURKMAN 


Quantitative relationships between the dose 
and incidence, latent period, duration of 
action, cumulative and minute responses of 
the apomorphine-induced pecking syndrome 
are described. 

A pomorphine has long been recognized as a po- 
tent emetic in man and other animals. This 
substance shares W'ith its parent morphine the prop- 
ert)’ of stimulating the chemoreceptor trigger zone 
(CTZ) of the medulla thereby activating the vomit- 
ing center (1). CTZ excitation represents one of 
perhaps several nervous system stimulating compo- 
nents of apomorphine’s spectrum of activity'. The 
drug’s emetic propensity is most readily' exhibited 
in man and the dog, two animals who have proved to 
be exquisitely' sensitive to this drug. Without 
doubt, emesis is the most apparent sign of apomor- 
phine-induced central stimulation (following the 
administration of comparativ'ely' low doses) in 
these animals. 

One sees evidence of apomorphine stimulation in 
a number of other animal species particularly those 
that are refractory to the emetic effect. In the frog, 
apomorphine is responsible for a marked increase in 
reflex excitability (2), while restlessness, excitement, 
and a peculiar gnawing are characteristic effects in 
rabbits (3). In a somewhat similar manner, the 
pig, rat, horse, and guinea pig also display' distinct 
signs of stimulation (4). 

The excitatory action of apomorphine manifests 
itself in pigeons in a manner strikingly different 
from that described for other animals. Following 
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administration by any one of several routes (i. v., 

i. p., i. m., p. o.) this bird e.\-hibits what has been, 
described to be a “pecking sy'ndrome” (5) or “feed- 
ing hallucination” (6); a continuous and repetitious 
pecking at the floor, walls, and roof of the cage in 
wliich it has been placed. 

The relationships between the dose and a number 
of characteristics of this curious pecking response 
are herein reported. 

Adult domestic pigeons of both sexes served as 
test subjects. All apomorphine hy'drochloride solu- 
tions were administered by' the intraperitoneal route, 
and the bird’s responses monitored continuously for 
four hours following injections. The following ob- 
servations can be reported on the basis of data con- 
tained in Figs. 1 and 2 : 

1. The EDso (and 95% confidence limits) of 
apomorphine HCl, determined by' the method of 
Litchfield and Wilcoxon (7), was found to be 
0.154 (0.134-0.177) mg. /Kg. while the slope func- 
tion of the dose-response line (reproduced in Fig. I) 
was calculated to be 1.54 (1.21-1.95). 

2. Latent period following injection was ob- 
served to decrease as the dose increased. The re- 
gression line formula was calculated to be Y = 7.39- 
2.65 AT (Fig. 2 A ). 

3. Pecking activity (pecks/minute) is stimulated' 
to the greatest degree when doses of about 1.0 mg./ 
Kg. (log dose 0) are reached (Fig. 2 B). Doses be- 
yond this maximum effcctiv-e dose level failed to in- 
crease the minute activ-ity-, this no doubt due to 
physiological limitations of the act. 

4. The duration of action is an almost linear 
function of the log dose throughout the investigated 
range (Fig. 2 C). 

5. The cumulative (total) response, as one might 
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Note on Suitable Solvent Systems Usable in the Liquid 
Scintillation Counting of Animal Tissue* 

By GERALD A. BRUNO and JOHN E. CHRISTIAN 


Animal tissues were dissolved, using hyamine 
base as the solvent, by several different tech- 
niques. Tissues exposed to ultrasonic excita- 
tion or homogenization upon application of 
heat dissolved sooner than untreated tissue. 
Addition of a known amount of carbon-14 
standard to the tissue samples and counting of 
the samples by liquid scintillation techniques 
indicated that the methods employed for 
tissue solution yield satisfactory solutions for 
routine liquid scintillation analysis of carbon- 
14 in animal tissue. 


W ITH THE ADVENT of liquid Scintillation 
counting in 1950, a technique especially 
applicable to the counting of weak beta-emitting 
isotopes was realized. Using the weak beta-emitting 
isotopes, carbon-14 and tritium (hydrogen-3), 
an unlimited number of compounds can be labeled 
and assayed with a high degree of aceuracj'. 

This technique is particularly important to the 
investigator who wishes to determine the distribu- 
tion and metabolism of various compounds in the 
animal body. With this application arises the diffi- 
culty of preparing suitable scintillator solutions of 
the various constituents of the animal body. The 
primary purpose of this investigation was to study 
suitable scintillator solvents for animal tissues. 
The instrument used was the Tri-Carb liquid 
scintillation spectrometer.* 

The problem of s imple preparation of animal 
tissue containing carbon- 14 or tritium for scintil- 
lation counting, has been approached in several 
ways with varying degrees of effectiveness. In- 
direct methods reported, consist of grinding and 
suspending the insoluble tissue in a scintillation 
solvent such as toluene (1-4). The search for a 
simpler, more direct method of preparing clear 
scintillator solutions of animal tissue led to the 
discovery that a methanolic solution of the hy- 
droxide form of a quaternary amine could be used to 
dissolve animal tissue (5). The quaternary amine 
chloride, commonly known as Hyamine lOX^ 
(methylbenzethonium chloride) is commercially 
available but must undergo a relatively lengthy 
purification and conversion process before it can 
be used as a satisfactory' solvent. The purified form 
of the Hyamine chloride is converted to the free 
hy'amine base (methylbenzethonium hydro.xide) 
by' treatment with silver oxide (6). It has been 
reported that approximately 100 mg. of protein 
can be dissolved in 1-3 ml. of the Hyamine base 
(5). Since this report, several articles have ap- 
peared suggesting methods for improving the 
preparation procedure (7) and for modifying the 
method of dissolving the tissue in Hyamine (8, 9). 
However, no information has been reported as to 
the relative efficiency of detection for C" in the 
tissue systems reported. 
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EXPERIMENTAL 

The optimum yvindow for the Tri-Carb was 
determined to be 6-90 volts and was used in all 
subsequent experimentation. 

The use of silver oxide as described by' Passman, 
el al. (6), for conversion of the purified chloride to 
the base, yielded a colored solution of the base. 
Experimentation in this laboratory' revealed that 
methanolic sodium hy'droxide could be used to 
convert the chloride to the base without the forma- 
tion of the highly' undesirable color. A 47.8-Gni. 
portion of the purified Hy'amine chloride was dis- 
solved in 50 ml. of methanol and treated with 50 
ml. of an 8% methanolic sodium hydroxide solution. 
The reaction mixture was cooled to precipitate as 
much sodium chloride as possible and filtered. A 
clear, colorless, approximately' 1.0 M solution of the 
base in methanol was obtained. 

Preliminary investigation using the 1.0 methanolic 
Hy'amine base solution to dissolve rat tissue with 
direct heat y’ielded colored solutions and generally 
poor counting conditions. This undesirable color 
resulted from prolonged heating found to be neces- 
sary to solubilize the tissue samples, and the extent 
of the color tvas found to be related to the particular 
ty'pe of tissue being dissolved. In an effort to 
avoid prolonged heating, the only' factor in color 
production w'hich can be controlled at present, 
ultrasonic waves as a tissue solubilizer and homo- 
genization procedures tvere employ'ed. The ac- 
curately measured tissue samples, weighing approx- 
imately' 75 mg., w'ere placed directly in the counting 
vials** yvith 2 ml. of Hyamine base solution added to 
each. The homogenization ivas accomplished by 
breaking up the tissue W'ith a glass stirring rod, 
sinee homogenization by other means W'ith sueh 
small quantities W'as impractical. The ultrasonic 
ivave treatment ivas accomplished by' placing the 
vial containing the tissue suspended in 2 ml. of the 
Hy'amine base solution in the transducer* of an 
ultrasonic generator and insonating it for one hour 
at 400 kc. Each of the samples, including an 
untreated sample, were heated in an oven at 100° 
until solution of the tissue was complete. The time 
for solution was noted in each instance. 

The vials containing the dissolved tissue ivere 
cooled and diluted w'ith 13 ml. of scintillator solu- 
tion consisting of 4 Gra./L. of PPOand 0.1 Gm./L. of 
POPOP in toluene. A 20% solution of concen- 
trated sulfuric acid in absolute ethanol w'as used to 
acidify each solution as indicated by' litmus paper. 
This procedure eliminated the possibility' of protein 
phosphorescence in alkaline media and thus assured 
the elimination of spurious counts. A know'n and 
identical amount of C" standard* w'as added to 
each vial and the activity determined at the tap 


•Special low-potassium 20-ml. vials with tin foil-lined 
screw cap, Wheaton Glass Co., Millville, N. J. 

< Hypersonic Transducer, model Bu 301, frequency *100 
kc., Brush Development Co., Cleveland, Ohio. 

• National Bureau of Standards, beta-ray standard. 
carbon-14, benzoic acid in toluene, 10, ."00 dpm. per Gm. of 
solution. 
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setting yielding the highest count rate for each 
solution. The results listed in Table I indicate 
that the use of ultrasonics as a tissue solubilizer 
iivas advantageous, as was homogenization In 
general, the heating time of the insonated tissue 
was less than that required by the other two meth- 
ods. The results also indicate that all the tissues 
tested can be assayed for C“ with satisfactory 
accuracy, however, the absolute efficiency varies 
with the tissue involved, emphasizing the need for 
internal standard methods of comparison The 
internal standard method makes use of the fact 
that upon addition of a known amount of activity 
one can then calculate the degree of quenching of 
the solution in question, thereby giving a measure of 
absolute activity. 


Table I. — Comparison of Times Required for 
Solution and Carbon-14 Absolute Efficiencies 
OF Solutions of Various Tissues Dissolved in 
HY AMINE AT 100° AND COUNTED IN THE TRI-CaRB 
Liquid Scintillation Spectrometer 


Tissue 

Tirae.o 

min. 

High 

Voltage, 

Tap 

Absolute 

Eniciency,« 

% 

Brain {s-Y 

25 

8 

36 

(b) 

12 

6 

56 

(c) 

15 

6 

68 

Liver (a) 

60 

9 

24 

(b) 

30 

7 

41 

(c) 

5 

7 

45 

Kidney (a) 

120 

7 

36 

(b) 

15 

6 

59 

(c) 

15 

6 

58 

Muscle (a) 

45 

6 

59 

(b) 

25 

6 

63 

(c) 

20 

6 

61 

Heart (a) 

30 

9 

23 

(b) 

20 

7 

43 

(c) 

20 

7 

54 

Spleen (a) 

45 

9 

18 

(b) 

30 

7 

37 

(c) 

30 

8 

28 

Intestine (a) 

60 

9 

42 

(b) 

45 

7 

55 

(c) 

35 

7 

53 

Standard' . . 


5 

73 


® Time to minutes required to completely dissolve tissue 
at the arbitrarily chosen 100® heating temperature 
® Tap setting which gives maximum count rate 
‘ Absolute efficiency is determined by dividing the count 
rate of the tissue solution by the absolute disintegration rate 
el the known amount of standard added to each sample 
® (a) Direct heating of intact tissue, (b) direct heating of 
homogenized tissue, (c) direct heating of tissue exposed to 
wltrasonics 

Solution consists of N B S carbon-i4 standard in scin- 
niy'"’ solution of 4 Gm /L of PPO and 0 1 Gm /L of 
POPOP in toluene. 


DISCUSSION 

It is important to note that results obtained for 
C'^ are not wholly' applicable to tritium deter- 
minations Tissue solutions which counted with an 
absolute efficiency' of over 50% could likely' be 
assayed for tritium inth relatively high efficiency', 
but the less efficient solutions which were counted 
at high voltage tap settings of 8 and 9, would 
probably be too highly quenched to be of any' value 
in tritium counting. 

To obtain an efficient scintillator solution for 
animal tissue, the important factors to be considered 
are (a) use of a solv'ent directly miscible with 
the organic scintillator, to minimize adulteration of 
the solution with solubilizing additives, and (b) 
use of whatever auxiliary' means available to obtain 
a clear, colorless, unquenched solution. 

The color produced by' heating of the Hy'amine 
base could possibly' be reduced by determining the 
optimum temperature for tissue solution with 
minimum color production. 

SUMMARY 

1 Hyamine base ivas prepared by' conversion of 
purified Hyamine chloride to the free base by treat- 
ment with methanolic sodium hydroxide This 
procedure produced Hyamine base without the 
objectionable color previously' encountered 

2 Various tissues were dissolved in Hyamine 
using (a) direct heat only, (b) homogenization and 
heat, and (c) ultrasonic excitation and heat In 
general the tissue exposed to ultrasonic waves 
dissolved sooner than the untreated tissue, as did 
the homogenized tissue, but to a lesser extent 
Reduction of heating time brought about a marked 
decrease in the color intensity of the samples. 

3 The samples with little or no color produced 
during heating gave considerably higher absolute 
counting efficiencies than untreated tissue samples 
which produced highly colored solutions Absolute 
efficiencies ran as high as 68% and in each instance 
were of sufficient magnitude to permit routine 
analy'ses 

REFERENCES 

(1) Hayes, F N , Rogers, B S , and Langham W H 
Nncleontcs, 14,48(1956) 

(2) Funt,B L , 14,83(1956) 

(3) Funt, B L , Scf , 125, 986(1957) 

(4) mite. C G .and Helf.S , 4Y«d<»o«jrr. 14,40(1956) 

(5) Vaughan, Jkl., Sternberg, D , and Logan, J , Sci , 
126.446(1957) 

(6) Passman, J. M , Radin, N S . and Cooper. J A D , 
Anal Chtm .28,484(1956). 

(7) Bell, C. G , and Hayes, F N , "Liquid Scintillation 
Counting,** Pergamon Press, New Vork, N Y , 195S, p 
123 

(8) Herberg, R , , 128. 99(1058) 

(9) Bell, C. G., and Hayes, F N , "I.iqvnd Scintillation 
Counting," Pergamon Press, New York, N V . 1058. p 
228 



Note on the Constituents of the Indian Medicinal Plant 
Oldenlandia corymhosa Linn,* 

By H. N. KHASTGIR, S. K. SENGUPTA, and P. SENGUPTA 


-Sitosterol and the triterpene acids, oleanolic 
acid and ursolic acid, have been shown to be 
present in the Indian medicinal plant Olden- 
landia corymbosa Linn. Evidence is presented 
to show that the plant does not contain any 
alkaloid. 

O LDEXLANDiA coRYStBOSA Linn. (Sanskrit: Par 
pata) of N, O, Rubiaceae is a common plant 
growing througliout India. The plant is used in re- 
mittent fever with gastric irritation and in nervous 
depression ( 1 ). A study of the plant appeared desir- 
able because of its medicinal importance and because 
no chemical investigation of it had been reported in 
the literature. The only members of Oldenlandia 
family that have been investigated chemicallj' are 
O. anriciilaria, 0. biflora, and 0 herbaceae. New 
alkaloids were reported to have been isolated from 
O. anriciilaria (2) and 0 biflora (3). Later Govin- 
dachari and co-workers (4) showed that a genuine 
sample of O. biflora did not contain any alkaloid. 
This group of workers isolated ursolic acid from 0. 
biflora and 0. herbaceae. More recently Bhakuni 
(5) isolated /3-sitosteroI and r-sitosterol from the 
seeds of 0. biflora. 

In the present study the dried plant of O. corym- 
bosa was defatted with petroleum ether. From the 
unsaponifiable fraction of the fat y-sitosterol was 
isolated and identified by the preparation of its 
acetate and benzoate derivatives. The defatted 
plant was then extracted with benzene. The residue 
from the benzene extract on crystallization from ace- 
tone afforded crude ursolic acid, which was purified 
and identified as its methyl ester and methjd ester 
acetate. The acetone mother liquor yielded a solid 
residue, which on acetylation followed by' crystalli- 
zation afforded oleanolic acid acetate, which in turn 
was further identified by the preparation of its 
methyl ester acetate. 

The plant was finally extracted with 95% ethanol, 
but no crystalline material could be isolated from 
this fraction. Each of the petroleum ether, ben- 
zene, and ethanolic extracts gave negative tests for 
alkaloids. 

EXPERIMENTAL 

Extraction with Petroleum Ether and Isolation of 
the Unsaponifiable Material 

Dried and crushed whole plant (2.2 Kg.) of O. 
corymbosa was extracted in a Soxhlet apparatus 
with petroleum ether, b, p. 60-80° for two hours. 
The petroleum ether was distilled off and the resid- 
ual fat (20 Gm.), which showed negative test for 
alkaloids, was saponified by refluxing for two 
hours with a solution of potassium hydrox- 
ide (10 Gm.) in methanol (30 cc.) and water 
(2 cc.). The reaction mixture was diluted with 
water and the unsaponifiable material was extracted 
with ether, washed with water, and dried over anhy- 


• Received April 4 , 1960. from the Research Division. East 
India Pharmaceutical Works Ltd., CaIcutta-34, India. 

The authors wish to express thanks to Mr. Pnyalal Moulik 
for the optical rotation study and to Mr. N. Guha for en- 
couragement. 


drous sodium sulfate. The removal of ether 
yielded the unsaponifiable material (3.5 Gm.), 
which ivas chromatographed over activated alumina 
(100 Gm.). Elution with ether gave a partially 
crj'stalline material (0.82 Gm.). 

7-SitosteroI. — The partially crystalline material 
(0.82 Gm.) obtained above was rechromatographed 
over activated alumina (50 Gm.), again eluted with 
ether, and the resulting crystalline solid (0.38 Gm.), 
was recry-stallized from methanol to yield y-sitos- 
terol, m. p. 146-148°, [ajn - 42'4° (CHCh). 
[Reported (6), m. p. 147-148°, [ajp — 43°.] The 
sample showed a positive Liebermann test. 

7-SitosteroI Acetate. — The acetate was prepared 
in the usual manner with acetic anhydride and pyri- 
dine. On crystallization from methanol and then 
from acetone, it gave -y-sitosterol acetate, m. p. 
142-143°, [orje - 46° (CHClj). [Reported (6), 
m p. 143-144°, [orln - 45.3°.] 

Awn/.— Caled. for CsiHsjOjt C, 81.52; H, 11.4S. 
Found: C, 81.25; H, 11.50. 

T-Sitosterol Benzoate. — The benzoate was pre- 
pared in the usual manner with benzoyl chloride 
and pyridine. On crystallization from acetone, it 
gave T-sitosterol benzoate, m. p. 150-151°, [«]d 

— 20° (CHCls). [Reported (6), m. p, 152°, [o|d 

- 19.6°.] 

,4«a/.— Calcd. for C36H54O2: C, 83.34; H, 10.49. 
Found: C, 82.91; H, 10.45. 

Extraction with Benzene 

The defatted plant tvas next extracted in a Soxhlet 
apparatus with benzene for four hours. The re- 
moval of benzene gave a cry'stalline residue (9.5 
Gm.), which showed a negative test for alkaloids. 
The residue on crystallization from acetone gave 
colorless cry'stalline solids (5.5 Gm.), m. p. 250- 
256°. The acetone mother liquor on evaporation 
gave a partially crystalline residue (A) (3.4 Gm.). 

Methyl Ursolate, — The crystalline solids (5.5 
Gm.), m. p. 250-256°, were esterified with an 
ethereal solution of diazomethanc. The methyl 
ester was chromatographed over alumina (200 Gm., 
deactivated with 10 cc. of aqueous 10% acetic acid). 
Elution with a mixture of petroleum ether and ben- 
zene (3:7) afforded a crystalline solid (2.2 Gm.), 
m. p. 158-165°, whicli on recrystallization from 
methanol yielded methyl ursolate, m. p. 168-170°, 
(aln -1- 69.3° (CHCI3). The mixed melting point 
with an authentic specimen' of methyl ursolate did 
not show any depression. 

Methyl Ursolate Acetate. — Methyl ursolate was 
acetylated with acetic anhydride and pyridine in the 
usual manner. The acetate on crystallization from 
acetone afforded methyl ursolate acetate, m. p. 
242-244°, [a]D ff- 50° (CHCI3). The mixed melting 
point with an authentic specimen of methyl ursolate 
acetate did not show any depression. 

Anal.—Calcd. for CjjHjjO.: C, 77.29; H, 10.22. 
Found: C, 76.83; H, 10.11. 


* Kindly supplied by Dr. (Mrs.) A. Cliattcrjee, Reader in 
Chemistry, Calcutta University, Calcutta. 
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OleanoVic Acid Acetate. — Tiie residue A (3 4 Gm ) 
from the acetone mother liquor described above was 
acetylated witli acetic anhydride and pyridine The 
crude acetate on repeated crystallization from ace- 
Aone afforded oleanolic acid acetate (0 5 Gm ), 
m p 264-266°, [alu + ~5° (CHCia) The mixed 
melting point mth an authentic specimen of oleano- 
lic acid acetate did not show anv depression 
Anaf— Calcd for C 3 jH 6 <i 04 : C, 77 06, H, 10 11 
Found: C, 76.71; H, 10.08 
Methyl Oleanolate Acetate. — The acetate was 
esterified with an ethereal solution of diazomethane 
and the ester on crystallization from acetone yielded 
methyl oleanoiate acetate, m p 216-218°, [ajn + 
68 6° (CHCls) The mixed melting point with an 
authentic specimen did not show any depression 


Extraction with 95% Ethanol 

The plant material after the extraction with ben- 
zene, was extracted in a Soxhlet apparatus with 95% 
ethanol for ten hours The residue after the re- 
moval of ethanol show’cd a negative test for alkaloids 
and did not yield any crystalline material 
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Book Notices 


Synthesis and Organisation in the Bacterial Cell By 
E. F. Gale John Wiley & Sons, Inc , 440 Fourth 
Ave., New York 16, N Y , 1959 vii -1- 110 pp 
12 5 X 18 5 cm 

This is a compilation of material which formed the 
basis of three Ciba lectures in microbial biochemis- 
"try on Structure and organization in the bacterial 
cell. Amino acid incorporation, and Nucleic acid and 
protein synthesis 


Prdets dc Botanique I’oi 2 Syst&natique des 
angiospermes By P Cr6t§ Masson et Cie , 
Editeurs, 120 boulevard Saint-Germain, Paris 
6°, France, 1960 viu + 429 pp 16 X 21 cm 
Price NF 34,000 

This second volume on pharmaceutical botanicals 
(in French) considers the angiosperms (true flower- 
ing plants) 


The Lynn Index A Bibliography of Phytochemistry 
Monograph TV Organized and edited by John 
W ScHERMERHORN and Maynard W Quimby 
Massachusetts College of Pharmacy, Longwood 
Ave , Boston 15, Mass , 1960 70 pp 15 X 23 

cm 

This monograph covers the Glumiforae order, in- 
cluding the Cyperaceae and Gramineae families. 
The plan for the series was described in the review 
of monograph I in This Journal, 47, 232(1958). 

Prlcis I)' Anatomic ct dc Physiologic Humaines By 
Y. Raoul Masson et Cie , ^Iditeurs, 120 
boulevard Saint-Germain, Paris 6°, France, 1960 
'iii+ 379 pp 16 X 21 cm. Price NF. 48,000 
This book (in French) presents a concise course 
in physiology for pharmacy students It is one of < 
a series of textbooks for the pharmaceutical cur- 
riculum 

Heterocyclic Chemistry. By Alan R. Katritzky 
' and Jeanne M. Lagowski John Wiley & Sons, 

1 Inc . 440 Fourth Ave , New York 16, N Y , 

I 1960 274 pp. 13 5 X 20 cm Price S4 75 

Designed as a low-cost book for students, the 
authors have attempted to present a condensed 
' ersion of basic heterocyclic chemistry required by 
graduate students and researchers The authors 
have been frugal with words but liberal with almost 
2,500 formulas 


Clinical Chemical Pathology By C H Gray 
Edward Arnold, Ltd , London, England, 1959 
Distributed in the U S by the Williams & Wil- 
kins Co , 428 East Preston St , Baltimore 2, 
Md vii ~|- 160 pp 13 X 18 5 cm Price 
$3 75 

This IS the second edition of a pocket-size, 
handj' reference on renal function, acid-base balance, 
fluid balance (edema) (salt and water deficiencies), 
liver function tests, chemical pathology of diabetes, 
Ca and P, disturbances of fat metabolism, chemical 
pathology of alimentary tract, and biochemical 
tests in endocrine disease Other subjects discussed 
very briefly include special tests and routine clinical 
tests 


intibiolics Annual 1959-1960 Proceedings of the 
7th Annual Symposium on Antibiotics Antf- 
biotica, Inc , 30 East 60th St , New York 22, N. Y , 
1960 xvii -t- 1034 pp 17 X 2.5 5 cm Price 
S15 


This volume comprises the proceedings of the 
seventh annual symposium on antibiotics held 
November 4-6, 1959, in Washington, D C It 
includes all the reports that were presented It is, 
without doubt, the most comprehensive authorita- 
tive compilation of research results on new and es- 
tablished antibiotics for the period between the 
symposiums of 1958 and 1959 It is a must for 
reference libraries in the health sciences 
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The Clinical Application of Antibiotics. Vol. 4. 
Erythromycin and Other Antibiotics. Bj’ M. E. 
Florey. Oxford Universit 5 ’ Press, 417 Fifth 
Ave., New York 16, N. Y., 1960. viii + 303 pp. 
15.5 X 24.5 cm. Price S19.50. 

This volume includes chapters on : Erythromj’cin ; 
Antibiotics related to erythromycin b}' reason of 
bacterial cross resistance ; Antibiotics which control 
the staphylococcus and other Gram-positive bac- 
teria; Antibiotics inhibitory to various bacteria, 
including Gram-negative organisms; Antibiotics 
of limited clinical application owing to some toxic 
effect; Antibiotics active against protozoa, fungi, 
or neoplastic cells; and a final lengthy chapter on 
The choice of an antibiotic. Discussions of indi- 
vidual antibiotics follow the same scheme as in 
previous volumes: general considerations, including 
properties of clinical significance; antibacterial 
effects; evidence of toxicity; administration; and 
results of clinical trials. The book is an authorita- 
tive and scholarly reference with appended bibli- 
ography and index 

British National Formulary 1960. Standard 
Edition. The British Medical Association and the 
Pharmaceutical Society of Great Britain. The 
Pharmaceutical Press, 17, Bloomsbury Square, 
London, W. C. 1 , England. Obtainable from 
Rittenhouse Book Store, 1706 Rittenhouse Square, 
Philadelphia 3, Pa , 1960. 272 pp. 10.5 X 16.5 
cm. Price 7s 6d, Interleaved, 11s. 6d. 

This is the fifth edition of the pocket-size pre- 
scribers’ formulary. Additions arc listed by B. 
N. F. title and the proprietary name of an equiv- 
alent or similar preparation is given. 

Gehes Codex. 9tli ed. Edited by Felix Diepen- 
DROCK. Wissenschaftliche Verlagsgesellschaft 
M. B H., Stuttgart, and Schwarzeck-Verlag G. 
M. B. H., Munchen, Germany. Distributed in 
the U. S. b}’ Texstar Co., 200 West 34th St , 
New York 1, N. Y., 1960 xi -b 1392 pp. 15 X 
23 cm. Price S38.25. 

This ninth edition of “Gehes Codex” continues the 
exceptional coverage of new drug products on the 
world market, with particular attention to Euro- 
pean products, that users of earlier editions have 
come to expect. An added feature in the latest 
edition is the indication of trade-marked names. 
No reference library in pharmacy can be considered 
complete without the presence of the latest “Gehes 
Codex.” 

Virus Virulence and Pathogenicity. By Ciba 
Foundation Study Group No. 4. Little, Brown 
and Co., 34 Beacon St., Boston 6, Mass., 1960. 
viii -f 114 pp. 12 X 18.5 cm. 

This small book includes reports on: The defini- 
tion and measurement of virus virulence. Host-cell 
factors and virus virulence. The effect on virulence 
of changes in parasite and host. Broad aspects of 
human virulence in influenza viruses. The severity 
of influenza as a reciprocal of host susceptibilitj-, 
and The virulence for man of some respiratory 
vinises passed in tissue cultures. A general 
discussion and an index are included. 


Basic Facts of Body Water and Ions. By Stewart 

M. Brooks. Springer Publishing Co., Inc., 
44 East 23rd St., New York 10, N. Y., 1900. 
l.'"9 pp. 14 X 21 cm. Paperbound. Price 
$2.75. 

The body’s fluid and electrolyte balance in health > 
and in disease states is concisel}- presented under 
the two main parts: The facts e.xplained and The 
facts applied. A glossary and index are appended. 

Handbook of Filtration. 1st ed. By the technical 
staff of the Eaton-Dikeman Co, The Eaton- 
Dikcman Co., Mt, Holly Springs, Pa., 1900. 
viii -t- 124 pp. 15.5 X 23.5 cm. Price $2.50. 

This book b\’ the technical staff of The Eaton- 
Dikeman Co. covers historical development of 
filtration, paper test methods, retention, permc- 
abilitjL and applications of filter paper, A glossary 
and index are appended. 

Textbook of Pharmaceutical Chemistry. 7th ed. By 
J. E. Driver. Oxford University Press, 41" 
Fifth Ave., New York 16, N. Y., 1960. ix + 72S 
pp. 15.5 X 24.5 cm. Price $14.50. 

While still maintaining its original design as a 
student’s textbook, the new seventh edition of 
Bentley and Driver’s (Driver sole author since 2nd 
ed.) is a useful reference for practicing pharmacists 
and chemists. Part I gives phy'sical and chemical 
methods of assay for pharmaceutical substances, 
with detailed applications given in Parts II and III. 
Part II covers the inorganic materials and Part HI is - 
devoted to organic compounds of pharmaceutical 
importance. 

Melhodcn der Organisclicn Chemie {Hoiiben-Weyl). 
4th vol. of the new series. Band V/4, Halogen- 
verbindungen. Edited by Eugen MOller. 
George Thieme A^erlag, Herdweg 63, Stuttgart- 

N, West Germany, 1960. Agents in U. S. and 
Canada, Intercontinental Book Corp., 381 Fourth 
Ave., New York 16, N. Y. xlvii -\- 894 pp. Price 
DM 180, $42.85. 

This volume of a long recognized standard ref- 
erence series takes up the halogen compounds. 
The preparation of bromine and iodine compounds 
and the reactivity and transformation of chlorine, 
bromine, and iodine compounds are covered. This 
comprehensive treatise abounds with references to 
the literature throughout the text, and author and 
subject indexes are included. 

Chemical Analysis. Vol. 12, Systematic .-\nalysis of 
Surface-Active Agents. By Milton J. Rosen 
and Henry A. Goldsmith. Intcrscience Publish- 
ers, Inc., 250 Fifth .-\ve.. New York 1, N. Y.,^ 
1960. xvii -f- 422 pp. 15 X 23 cm. Price 
$13.50. 

This volume treats of a growing and complex . 
group of materials. Surface-active agents are classi- ' 
fied and then discussed under the sections: Detec- 
tion, isolation, and estimation in compositions: 
Qualitative analysis; Quantitative analysis; Sep- 
aration of mixtures of surface-active agents. .\ 
table of representative commercially-available sur- 
factants is appended and a subject index is included. 
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Investigation and Development of Protective 

Ointments III* 


Adsorption Characteristics of Sarin from Solutions 


By K. F. FINGERf, A. P. LEMBERGER, D. E. WURSTER, and T. HIGUCHI 


The adsorption of sarin from «-heptane solutions by silica gels, alumina, bentonite, 
and certain carbonaceous adsorbents was studied. The results obtained have been 
interpreted according to the Langmuir adsorption isotherm. Of the various adsorb- 
ents tested, those of a silicaceous nature were found to be superior, exhibiting very 
strong adsorptive tendencies toward the fluorophospbate ester. _ A linear relation- 
ship was found to exist between the limiting adsorptive capacity and the specific 
surface area of the adsorbents. The average area occupied by a sarin molecule, 
furthermore, was found to be approximately 80 A-*, irrespective of the adsorbent, a 
value in reasonable agreement with that suggested by a molecular model. Both of 
these relationships indicate that sarin is adsorbed primarily as a unimolecular 

layer. 


^T’hese investigations were undertaken to 
provide basic information pertaining to the 
nature, intensity, and capacity of certain com- 
mercial materials to adsorb sarin. ' Such informa- 
tion was desirable as a part of the study on pro- 
tective ointments. It was felt that the informa- 
tion thus obtained would be useful in determining 
the relationship between the protective capacity 
of various filler materials and their adsorptive 
properties. The data, furthermore, were ex- 
pected to prove useful in developing other pro- 
tective measures against this and related agents. 

This deals with the experimentally determined 
adsorption behavior of sarin on commercial ad- 
sorbents such as silica gels, alumina, bentonite, 
and certain charcoals from an organic solvent, A 
^ method of utilizing this data to predict adsorption 
'* behavior from other systems is also discussed. 

\ • * Rscieved August 21, 1959. from the University of Whscon- 
'>n School of Pharmacy, hladison 

Presented to the Scientific Section, A. Pit A., Cincinnati 
niMting, August 1959 

This research project was supported by the Directorate of 
•'ledical Research, 0. S Army Chemical Warfare Labora- 
•wies. Army Chemical Center, Md . under CmIC Contract 
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EXPERIMENTAL 

The amount of sarin removed from a solution by 
a solid adsorbent was determined by a relatively 
simple laboratory procedure which was contingent 
upon a state of equilibrium being established within 
the system. A weighed quantity of the adsorbent, 
approximately 0.1 Gm., was placed in a 25-mm, 
glass-stoppered weighing bottle and exactly 5 ml. of 
a known concentration of sarin in norma! heptane 
was pipetted into the bottle. The suspension was 
then shaken at constant temperature for one .hour® 
and then centrifuged. The supernatant liquid was 
analyzed for its sarin content by tlie Schoenemann 
method (2). The weight of sarin adsorbed by 
1 Gm. of the adsorbent was calculated from the 
difference between the initial and equilibrium 
concentrations of sarin. 

The adsorption isotherms were obtained by 
repeating the above procedure utilizing different 
initial concentrations of sarin in the solution. All 
determinations were done in duplicate at 25”. 
The following adsorbents were studied: silica gels 
Nos. 21, 63, (2, and 79, SiO- (Davison Chemical 
Co.); Santocel 54, Silica Aerogel (Monsanto 
Chemical Co.); Sylloid 244, SiO- (Davison Chemical 


’ Under the CTuditionj of these eipcriraents, it was pre- 
viously established that equilibrium was attained ivithin the 
onc-bouf period. 
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Co.); activated alumina (Aluminum Ore Co.); 
bentonite (Chattanooga Pharmacal Co.); Darco 
KB and S51, activated charcoals (Darco Division, 
Atlas Powder Co.); and wood charcoal (J. T. 
Baker Chemical Co.). 

These adsorbents were selected on the basis of 
their applicabilitj' to ointment formulation and also 
because they were representative of a large number 
of commercial adsorbents now in use. 

RESULTS AND DISCUSSION 

Langmuir’s adsorption equation may be stated as 

.v/«i = kikic/{l + kic) (Eq. 1) 

where x/m is the weight of adsorbate adsorbed 
per unit mass of adsorbent, c is the equilibrium 
concentration of adsorbate, and ki and ki are 
constants. Brunauer has stated (1) that the 
constants of the Langmuir equation are neither 
arbitrarj' nor empirical but, rather, bear physical 
significance. The adsorption coefficient, ki, is 
related to the force which binds the adsorbate 
molecules to the adsorbent surface and ki is the 
maximum amount of solute which will be ad- 
sorbed per unit mass of adsorbent. 

A somewhat more useful form of the Langmuir 
equation is obtained by inverting Eq. 1 and multi- 
plying through by c, thus 

A plot of c/(.'e/j)i) terjus c is linear with a slope of 
X/ki and an intercept of X/kih. The adsorption 
isotherms for several silicaceous adsorbents, alu- 
mina, bentonite, and three types of carbonaceous 
adsorbents were plotted according to Eq. 2 and a 
sample plot is given in Fig. 1. 

It was evident from these plots that with all the 
adsorbents except Darco S51 and wood charcoal, 
adsorption of sarin obeyed the linear requirements 
for c/(x/w) M. c plots. A plot of x/m vs. c for 
Darco S51 (Fig. 2) yielded a sigmoid curve charac- 
teristic of the Type V isotherm described by Bru- 
nauer (3). Although a further study of this system 
would be of theoretical significance, the extremely 
low capacity shown by this adsorbent at low sarin 
concentrations precludes its consideration as a 
filter material. A similar plot of x/m vs. c was made 



Fig. 1. — .Adsorption of sarin from H-hcptane. O, 
Silica gel No. 21; C, silica gel So. 63. 



CONCENTRATION (MG./GM.) 

Fig. 2. — The adsorption of sarin from n-heptane by 
Darco S-51. 



CONCENTRATION (MG./GM.) 

Fig. 3. — Adsorption of sarin from n-heptane bj' wood 
charcoal. 


for wood charcoal (Fig. 3) since the adsorption of 
sarin was so limited over the concentration range 
employed that it could not be characterized. 

Brunauer has stated that a linear relationship 
between c/{x/m) and c alone is not sufficient evi- 
dence that the system follows Langmuir’s type 
adsorption. It is also necessary that the values 
obtained for the adsorption coefficient and the 
limiting adsorptive capacity be within reasonable 
limits (1). Thus, the limiting adsorptive capacity, 
ki, should be proportional to the surface area of the 
adsorbent if the hypothesis of uniinolccular adsorp- 
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tion is valid and, furthermore, should yield a 
reasonable value of the area occupied by each 
adsorbed molecule under close order packing. 
The adsorption coefficient, h, is dependent upon 
the nature of the surface and, consequently, should 
be nearly constant for a homologous series of 
adsorbents. 

The values for the limiting adsorptive capacity, 
kt, for the various adsorbents obtained from the 
Langmuir plots are listed in Table I. Comparison 
of these data indicates that the silicaceous adsorb- 
ents are superior to the other agents tested as 
adsorbents for sarin. 


Table I. — Physical Constants for the Adsorp- 
tion OP Sarin from ii-Heptane 


Absorbent 

Surface Area, 
MVGm. 

kiXlO’a 

Gm./mcg. 

kiX10~*6 
mg /Gm. 

Santocel 54 

175 


0.38 

Sylloid 244 

292 

6.8 

1.20 

Silica gel No. 72 

300 

4.8 

0.95 

Silica gel No. 79 

400 

4.9 

1.06 

Silica gel No. 21 

600 

6.5 

1.84 

Silica gel No. 63 

800 

8.6 

2.13 

Alumina F-1 

200 


0.58 

Bentonite 

470 

0. 18 

1.23 

Darco KB 

600-1,200 

0.07 

1.49 


0 Adsorption coefficient. 6 Limiting adsorptive capacity 


The determination of the h values presented a 
somewhat greater problem because of the very 
strong affinity of the phosphate esters for the 
majority of the adsorbents. Indeed, only approx- 
imate evaluation could be made. The usual method 
of calculating the adsorption coefficients is to deter- 
mine them from the intercept of the straight line 
plot of the Langmuir equation. This procedure 
could not be used effectively in this study because 
of the close proximity of the interception point with 
the origin. Instead, an alternate method was 
employed. 

It is evident from the linear Langmuir equation 
that the adsorption coefficient is described by the 
following relationship 


1 (,xlmtki) 
cl— (,x/m/k;) 


(Eq. 3) 


where the quantity (.v/m/fe) is the fraction of the 
adsorbent’s surface occupied by adsorbate molecules 
and, therefore, (1 — x/riilki) is the fraction left 
unoccupied. Designating the fraction occupied as 
Pc and substituting into Eq. 3, W'e find 

1 c 


It is obvious from the above equation that ki 
,is numericallj' equal to 1/c ivhen the ratio Fc/l — 
/ Pc is unity. 

The procedure followed for the evaluation of the 
V h values, therefore, was to plot Fc/l — Fc against 
' the corresponding equilibrium concentrations of the 
adsorbate as shown in Figs. 4 and 5 and to deter- 
mine graphically, the concentration when Fc/ 
1 — Fc was unity. It should be emphasized here 
that the method required the data to be selected in 
the range of equilibrium coneentrations such that a 
substantial portion of the surface of the adsorbent 



Fig. 4. — Plot to determine the adsorption co- 
efficients of the silicaceous adsorbents. O, Silica 
gel No. 72; 9 silica gel no. 79, ©, silica gel no. 21; 
3, silica gel no. 63; and O, Sylloid 244. 



Fig. 5. — Plot to determine the adsorption coefficients. 
O, Bentonite; ©,DarcoKB. 



200 400 000 800 

SURFACE AREA (M-VGM.) 

Fig. 6. ^Relationship between the limiting adsorp- 
tive capacity and the specific surface area of the 
various adsorbents. 
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Mas still uncovered For adsorbents snch as the 
silica gels, which approach saturation e\en in 
\er 3 low concentration ranges, considerable error 
was to be expected It is eiident from the data 
used m Figs 4 and 5 that onh approximate \alues 
of the adsorption coefficient can be obtained for 
the silica gels These are listed m Table I The 
values for bentonite and Darco KB are relativelj 
more dependable 

The question whether these data support the 
original assumption of formation of a unimolecular 
lajer on the adsorbent surface can be tested by 
determining the relationship between the available 
specific surface area of these materials and their 
limiting adsorption capacity tow ard sarin 

If the adsorption is unimolecular, the total 
number of sarin molecules that can be adsorbed 
will be linearlj dependent upon the area of the 
surface that is available for adsorption Figure 6 
shows the relationship that exists m the systems 
The specific surface areas used were those provided 
by the source of each material From the slope of 
this line the average area occupied by an adsorbed 
molecule can be calculated The av erage area 
calculated for a sarin molecule from the slope of the 
line was found to be approximatelj' 80 A.^ To 
check this V alue, a scale model of the sarin molecule 
was constructed and its molecular area roughlj 
determined The two values were in reasonable 
agreement 

The adsorption coefficients listed in Table I 
show a dependence on the chemical nature of the 
surface For instance, within a homologous senes 
such as the silica gels, the coefficient assumes an 
approximatelv constant value The surface of the 
silica gels, alumina, Santocel 54, and Sylloid 244 
IS highly polar m nature while that of the charcoals 
IS relativelj nonpolar Inasmuch as the adsorp 
tion coefficient is an index of the primarj binding 
force, the values obtained for the more polar 
adsorbents should be larger than those obtained for 
the relativelj nonpolar adsorbents That this 
relationship holds can be seen bj comparing the 
values of h obtained for the silica gels with those 
obtained for the charcoals 


While the classification of adsorbents with respect 
to the polaritj of their surface must remain relative 
It nevertheless jields some basis for the selection 
of an adsorbent for a specific adsorbate 

Knowledge of the adsorption characteristics of 
the penetrant, such as determined in the present 
studjL can be useful information m the formulation 
of protective ointments The limiting adsorptive 
capacities, ki’s, of the vanous adsorbents would 
necessarily be independent of the solv^ent cmplojed 
if solvent adsorbent interactions are negligible 
Thus, proper selection of an ointment base would 
provide a medium for maximum adsorption of the 
noxious material 

In contrast, the adsorption coefficient, ^i, is 
highlj'- dependent upon the solvent from vvliicli 
adsorption occurs However, in the absence of anj 
strong interaction between solvent and adsorbent, 
It IS possible to obtain a relativelj' simple relation 
ship between ki values for the adsorption of an 
agent from anj two solvent systems bj' a given 
adsorbent if the effective partition coefficient of the 
agent between the two liquids is known Bj 
effective partition coefficient is meant here, the 
ratio of concentration of the agent present in each 
solvent when brought into equilibrium with a 
fixed vapor concentration of the agent To illus 
trate, if the partition coefficient of the agent is 
such that a solvent is favored by a factor of three 
ov er the reference solvent, the ki value of the agent 
on any of the adsorbents w ill be one third that in the 
reference solvent Since partition data are readilv 
available, calculations of this tjpe can be carried 
out for many sj stems 

It IS possible, then, to select a vehicle for the 
adsorbent in which the adsorption coefficient for 
the penetrating agent is such that significant 
retardation of permeation at toxic concentration 
levels of agent occurs 
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Investigation and Development of Protective 

Ointments IV* 

/ 

The Influence of Active Fillers on the Permeability of Semisolids 

By K. F. FINGERf, A. P. LEMBERGER, T. HIGUCHI, L. W. BUSSE, and 

D. E. WURSTER 


The permeability of protective barriers containing adsorbent type fillers has been 
studied. It has been shown that the time for the nonstationary state permeation of 
these barriers can be significantly increased by the incorporation of small quantities 
of an active filler into the ointment base. The theoretical considerations of per- 
meation through filled ointments have been presented with particular emphasis 
placed on the theory pertaining to barriers containing a filler with a high affinity 
for the penetrant. An equation relating the lag time to the concentration and max- 
imum adsorptive capacity of this type filler and to the initial concentration of the 
chemical agent has been derived and verified by experimental procedures. 


' I 'he theoretical and experimental investiga- 
tions of the possible values of active fillers in 
improving the degree of protection afforded by pro- 
tective creams and ointments are presented in 
this report. The term active filler, as used here, 
includes all fillers which, when incorporated into 
an ointment or cream base, substantially reduce 
the chemical or physiological activity of toxic 
agents by preventing or diminishing the transport 
' of the agent in an active form through the pro- 
tective barrier. 

As pointed out earlier by Higuchi (1), the pro- 
tective value of creams and ointments during the 
early stages of penetration does not always cor- 
relate with their effectiveness during the later 
phases. This is especially true with active fillers, 
the effectiveness of these additives being limited, 
for all practical purposes, to the initial, non- 
stationary phase of permeation. For this reason, 
the present treatment is limited primarily to this 
initial or nonstationary phase. 

THEORY 

The manner in which active fillers manifest 
their protective action is highly dependent on the 
way the filler itself reacts with the penetrating 
agent. It is convenient then for the present 
purposes to assume two limiting cases for this 
interaction : 

Case I. — The thermodynamic activity of the 
chemical agent in equilibrium with the filler material 
< >s considered to be directly proportional to its 
^ relative concentration. Thus, if a linear partition 

I 
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isotherm exists within the system, this condition is 
satisfied, and 

a a x/m 

where a is the activity of the agent and x/in is the 
amount of the agent reacted with the filler. This 
situation would arise, for example, if the filler 
material was a liquid with a relatively strong 
affinity for the penetrant. A fair approximation of 
this case also exists for the adsorbent type filler 
which possesses a relatively’ low ki value as derived 
from the Langmuir relationship (2). 

Case II. — The thermodynamic activity of the 
penetrant in equilibrium with the filler is considered 
to be negligibly' small until a critical amount of the 
agent has been taken up. Beyond this point, the 
activity increases directly with the amount of 
agent added. This type of behavior exists, in the 
case of a strongly adsorptive filler which is charac- 
terized by a relatively high ki value. The filler 
possessing a high ki value will reach a point of 
saturation at very’ low equilibrium concentrations 
of the penetrant. 

The mathematical relationships governing the 
nonstationary’ state permeation of filled systems 
considered under case I have been treated in part 
by Higuchi (1). When a linear partition isotherm 
exists within a diffusional system. Pick’s second 
law must be modified to account for the amount of 
penetrant entering the filler phase. The modified 
equation may be written 

dc/dt = {D/Vc + KV,) (d’-c/dx-) (Eq. 1) 

where Vc and V/ are the volume fractions of the 
continuous and filler phases, respectively’, and K 
is the distribution coefficient of the penetrant be- 
tween the two phases. The movement of the 
concentration front across the barrier under a 
driving force of a changing concentration gradient 
is then described by’ the following equation 

(Eq. 2) 

where Co is the initial concentration of the penetrant 
in the barrier. 
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It is evident from the above equation that, for a 
system obej-ing the conditions given under case I, 
the lag time will be considerably greater titan that 
obtained for a homogeneous system. Higuchi has 
stated that this ratio will be equal to ( Pc + N Vf). 

In a homogeneous s}’stem, that is, one that does 
not contain a filler material, the lag time, or time 
required for the concentration front to move 
through the barrier, is related to the thickness of the 
barrier and the diffusion constant by the relation- 
ship first derived by Dajmes (3) and developed by 
Barrer (4) 



\vhere L is the lag time, x is the thickness, and P 
is the diffusion constant. Barrer and others have 
used this relationship to evaluate diffusion constants 
from permeability data Thus for a filled system 
of case I type 

A similar relationship may be derived for systems 
containing a filler material which obey the condi- 
tions proposed under case II, above. If a linear 
partition isotherm does not exist within the system, 
neither Pick’s second law nor the modification of it 
given for case I system is valid; therefore, special 
boundary conditions must be assumed 

As the penetrant enters the barrier containing a 
filler with high affinity for the agent, the penetrant 
is effective^’ removed from solution b.v the filler. 
As a result of the relatively high affinity of the 
filler for the penetrant, the filler must be saturated 
before the concentration front is free to progress 
through the barrier. In the case of the adsorbent 
t>'pe fillers, the above condition implies the max- 
imum adsorptive capacity of the filler must be 
attained. 

Thus, for the experimental system described 
later in this report, consisting of a barrier membrane 
whose one surface is brought into equilibrium with 
the vapor of the penetrating chemical, the rate of 
movement of the agent through the barrier can be 
related to other variables in the system in the 
following manner. 

For such a system containing a case II type filler, 
the concentration gradient of the penetrating 
chemical in the external phase would approximate 
that shown in Fig. 1. where the concentration of the 
penetrating chemical agent within the external 
phase has been plotted against the distance. For 
the idealized case where essentially all of the agent 
entering into the system is found in the filler ph.ase, 
the gradient, it can readily be shown, will be strictly 
linear. 

It is evident that the total amount of material 
which has entered such a barrier is the sum of the 
material found in the e.xtemal phase and that taken 
up by the filler. Since the average concentration 
of the agent up to the point of maximum penetration 
is '/j Cc. where Co is the concentration of penetrant 
in the surface layer exposed to the vapor of the 
penetrating chemical, the amount in the external 
phase is equal to V; CurP, where x is the depth of 
penetration and ff is the cross sectional area of the 
barrier. 



DEPTH OF PENETRATION 
Fig. 1. — Plot of concentration of penetrating 
chemical in external phase for idealized case II at 
times /i and Ij. Co is the concentration of penetrant 
in surface layer exposed to the vapor of penetrating 
chemical- 


The amount of material taken up by -the filler 
up to this point, on the basis of previous reasoning, 
is equal to AxH, where A is the amount of penetrant 
adsorbed by the filler per unit volume of the barrier 
material- The total amount of penetrant necessary 
to permit a small additional penetration, dm, 
would then be 

dm = Vs Co Hdx + AHdx (Eq. 4) 

But since the amount of material crossing a plane 
of unit area per unit time, Q, 

Q = fdm/dt) = ~DH{dc/dx) 

the equation may then be written 

'A CoNtf.V -1- AHdx r„j ,, , ,rr 
jyw = -D(dc/dx) (Eq. 5) 


If the concentration gradient is assumed to be 
linear over the distance penetrated by the chemical, 
it is then valid to express the concentration gradient 
as 

dc/dx = C„/x 


This then leads to the equation 


‘A CJIdx + AHdx 
Ildl 


-D(C„/x) (Eq.(i) 


which may be reduced and rearranged to give 
('A Ct + A) xdx 


Co 


= —Ddt (Eq. 7J 


Or, expressed as an integral equation, it becomes 

p (‘A Co + A)xdx ^ (Eq. 8) 

»/ 0 Oo J 0 

The resulting integrated equation then is 




4D ' 2CoH 


(Eq 9) 
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wlierc L represents the time required for the con- 
centration front to move through the barrier, i. e., 
the lag time. 

The amount of penetrant adsorbed by an adsorb- 
ent type filler is a function of its maximum adsorp- 
tive capacity and thus the quantity A may be 
replaced by Cjiii, where C/ is the concentration of 
the filler and h is the maximum adsorptive capacity 
of the filler as determined from adsorption experi- 
ments (2). The amount of penetrating chemical 
entering the barrier is governed by the distribution 
coefficient of the agent between the solvent and the 
barrier material; then Co is equal to KC, where K 
is the distribution coefficient and C is the initial 
concentration of the agent in the solvent. Thus, the 
final equation becomes 


4D 2KCD 


(Eq. 10) 


The usefulness of Eq. 10 lies in the fact that the 
contribution of an adsorptive tj^ie filler can be 
predicted from adsorption data without recourse to 
the more difficultly obtained permeability data. 
In the case of the filler being a chemically active 
detoxieant, a similar equation would result. 

It is interesting to note that Eq. 10 predicts a 
lag time equal to .•c’/4D for the extreme case where 
none of the penetrant adsorbed, a value which 
compares with the theoretical lag time for this 
case, k’/OU. Thus, it would seem that Eq. 10 
I can be expected to give reasonably useful values for 
lag time even for those cases which deviate appreci- 
, ably from case II. 


EXPERIMENTAL STUDIES 

The influence of the active fillers on the non- 
stationary permeability of protective barriers was 
determined by measiuing the amount of sarin 
permeating the barriers as a function of time. The 
‘ data was then plotted and the lag time for the system 

I determined by extrapolating the straight line portion 
j of the permeability curve to the time axis. In 
j each phase of this work, white petrolatum was used 
1 as a control and was also used as the ointment base 
into which the fillers were incorporated. 

Apparatus. — ^The apparatus used in this study 
was the barrier cell apparatus previously described 
(5). The bronze washers used were 0.043 cm. 
thick and possessed an internal diameter of 2.22 
cm. 

Preparation of the Ointments. — A weighed quan- 
tity of the melted ointment base, white petrolatum, 
was placed in a 50-ml. beaker and a weighed quan- 
tity of the filler sufficient to produce the desired 
strength ointment (w/w) was added. The mixture 
was then stirred to disperse the filler throughout the 
ointment base. The molten mass was placed in a 
/ Bell jar and the system evacuated for at least five 
minutes to remove any dissolved or adsorbed gases. 
\ A second stirring was then initiated and continued 
\until the ointment had congealed. Immediately 
before the barriers were prepared, the ointment was 
again evacuated to remove any gases entering the 
system as a result of the second stirring. 

Preparation of the Barriers. — ^The barriers were 
prepared and mounted in the apparatus in the same 
manner as previously described (5). 


Experimental Procedure. — The penetrant utilized 
in this study was fluorophosphate ester, sarin, 
dissolved in Amoil-S.' After the barrier cell 
apparatus assembly was completed, exactly 1.5 
ml. of the penetrant solution was placed in one of 
the glass chambers and exactly 1.5 ml, of the pure 
solvent was placed in the other chamber, i. e., -fhe 
receiving chamber. The assembly was then placed 
in a constant temperature bath maintained at 
25“ and the greased stopcocks were fitted into the 
glass chambers. Gentle shaking was maintained 
throughout the experiment by means of a shaking 
apparatus attached to the bath. 

At definite time intervals, 0,1 ml, of the solution 
in the receiving chamber was removed with a pipet. 
The sample was placed in a tared, 25-mm. weighing 
bottle and the weight of the sample determined. 
The amount of sarin contained in each sample was 
determined by the Schoenemann method (l5) 
utilizing a Klett-Summerson colorimeter. 

The amount of sarin contained in the sample 
was converted to racg,/Gm. and this quantity was 
plotted against the time* in hours. The lag time 
for the system was obtained by extrapolating the 
straight line portion of the permeability curve to tl^c 
time axis, the point of intersection being the lag 
time. 


EXPERIMENTAL RESULTS 

It has been shown (4) that the lag time is a meas- 
ure of the rate at which the penetrant molecules 
diffuse through the barrier material until the 
concentration front reaches the boundary of the 
barrier and a pseudo-equilibrium state has been 
attained. The lag time is therefore a characteristic 
of the barrier system and may be used as a measure 
of the protective quality of the system. As a 
general rule, the longer this lag time, the greater 
the protective quality of the barrier. 

In the permeability curves shown in Figs, 2, 3, 5, 
and 6, the concentration of sarin permeating the 
barrier, expressed as mcg./Gm. of solution, is 
plotted against the time, in hours. The lag time 
for the particular system may then be obtained by 
extrapolating the straight line portion of the 
permeability curve back to the time axis. 



sn 100 ISO 200 

TIME (HR.) 

Fiff- 2. — Lag time for the permeation of white pet- 
rolatum barriers by sarin. C = 45.0 mg./Gra. 

■ It-Amyl sebacate. Central ScicntiBc Co. 

* It was necessary to introduce a correction for the change 
or volume of solvent due to the withdrawal of samples. This 
corrccUou Was convenientiy made by multiplying the time of 
sampling by the ratio of the initial volume of solvent to the 
actual volume remaining after the previous sample bad been 
»nthdrairn. 
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TIME (HR.) 

Fig. 3. — Lag time for the permeation of white 
petrolatum barriers containing 3% w/w of various 
silicaceous adsorbents bj’ sarin. (7 = 45 0 mg./Gm. ; 
O, silica gel No. 72; O, silica gel No. 79; 9, silica 
gel No. 21; ©, silica gel No. 63. 



MAXIMUM ADSORPTIVE CAPACITY OF FILLER 
(MG./GM.) X 10-5 

Fig. 4. — Lag time for permeation of a filled oint- 
ment barrier as a function of the maximum adsorp- 
tive capacity of the filler. 


In Fig. 2, the permeability of white petrolatum 
barriers without a filler is shown. It is evident 
from the graph that the initial breakthrough of the 
penetrant occurs at approximately seventeen and 
one-half hours, or, applying the general rule stated 
above, the maximum degree of protection afforded 
by a white petrolatum barrier 0.043-cm. thick would 
be extended over a period of approximatelj' seven- 
teen and one-half hours. 

While the maximum degree of protection afforded 
bj’ a white petrolatum barrier is of the order of 
seventeen and one-half hours, the incorporation of 
as little as 3% (w/w) of an active filler produces a 
significant increase in the lag time for the system. 
This is evident in Fig. 3, where the permeability of 
white petrolatum barriers containing 3% (w/w) of 
the various silicaceous adsorbents is shown. 

The lag times for the protective ointments 
containing the various silicaceous fillers are seen to 
vary with the specific surface area of the filler 
employed. Thus, lag times ranging from forty-five 
to one hundred and fifteen hours are observed for 
the 3Tc ointments. The maximum lag time, one 
hundred and fifteen hours, was obtained by using 
silica gel 63, a silicaceous adsorbent possessing a 
specific surface area of S00;/Gm. This increase 
in lag time over that of white petrolatum represents 
an approximate sevenfold increase in the protective 
quality of the barrier. Proportionately lower 



TIME (HR.) 

Fig 5. — Lag time for the permeation of white petro- 
latum barriers containing various concentrations 
(w/w) of silica gel No. 72 by sarin. C = 10.0 mg./ 
Gm.; 0,5%; ©, 10% O, 15%. 



TIME (HRS.) 

Fig. 6. — Lag time for the permeation of white 
petrolatum barriers containing 3% w/w silica gel 
No. 21 utilizing various concentrations of sarin in 
Amoil-S. O, C = 87.3 mg./Gm.; ©, C = 70.3 
mg./Gm.; O, C = 45.0 mg./Gm.; 9, C = 23.2 mg./ 
Gm. 


protective indexes are observed for other silicaceous 
adsorbents possessing lower specific surface areas. 

It has been shown that the maximum adsorptive 
capacity of a filler is linearly related to its specific 
surface area (2), that is, the maximum amount of 
penetrant that will be adsorbed by a filler is depend- 
ent upon the amount of surface available for adsorp- 
tion. Equation 10, derived above, predicts a 
dependence of the lag time on the ma.ximum adsorp- 
tive capacity of the filler. This relationship is 
shown in Fig. 4. The values for the maximum 
adsorptive capacity were obtained from adsorijtion 
studies previously completed in the.se laboratories-..^ 
(2) and the lag time values were obtained from v 
Fig. 3. 

This relationship between the lag time and the J 
maximum adsorptive capacitj’ is to be c.xpcctcd / 
only in the event that the filler possesses a relatively 
high affinity for the penetrant. The relative 
affinity of the adsorbent for the penetrant is readily 
obtained from adsorption studies. The fact that 
the proportionality between the lag time and the 
maximum adsorptive capacity was found to exist 
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INITIAL CONCENTRATION OF PENETRANT 
(MG /GM ) 

Fig. 7. — Lag time for the permeation of white 
petrolatum barriers containing 3% (w/w) silica gel 
No. 21 as a function of the initial concentration of 
penetrant. Solid line equals theoretical curve 

is, in part, verification for the basic assumption 
of complete saturation of the filler occurring during 
the nonstationary phase. Further indication that 
this assumption is valid may be observed in the 
rather sharp inflection in the permeability curves 
at the breakthrough point. If a linear partition 
isotherm existed in the system, a more gradual 
change in slope would be expected. 

The complete saturation of the filler during the 
nonstationary phase of permeation has an important 
practical application to protective ointment for- 
mulation. If, for example, an ointment base is 
employed that has a very low affinity for the 
penetrant, then only a very small amount of 
the penetrant would be dissolved in the barrier 
Inasmuch as a highly active filler must be saturated 
before the concentration front is free to progress 
through the barrier and the initial concentration of 
penetrant is very low, the incorporation of an 
active filler into such an ointment base would 
result in an almost indefinite lag time for the 
system. 

While it is advisable to utilize a material possess- 
ing a maximum adsorptive capacity as a filler in 
protective ointments, a similar result may be 
obtained by increasing the relative concentration 
of the filler within the ointment The mechanism 
of action is identical with that given above An 
increase in concentration provides an increased 
surface area for adsorption and, as a result, the 
total amount of penetrant that can be adsorbed is 


increased. The relationship between lag time and 
the percentage filler is shown in Fig. 5. where the 
permeability of white petrolatum barriers containing 
various concentrations of silica gel No. 72 is shown. 

Unfortunately there is a limitation to the amount 
of filler which can be incorporated into an oint- 
ment base since it is possible to incorporate so much 
filler into an ointment base that cracks or crevices 
are created which allow the penetrant to travel at 
an increased rate. This discontinuity in the 
protective barrier destroys any protective quality 
imparted to the ointment by the filler. 

The initial concentration of penetrant in contact 
with the barrier is also important in influencing the 
lag time for the system, as is indicated in Eq. 10, 
where an inverse dependence of the lag time on the 
initial concentration is predicted. To substantiate 
the dependence of the lag time on the initial concen- 
tration, experimental determinations of the lag 
time were made utilizing different concentrations 
of sarin in Amoil-S as the penetrant. The data for 
these experiments are plotted in Fig. 6. It is 
evident from Fig. 6 that an increase in the starting 
concentration results in a decreased lag time. 

It is evident from Eq. 10 that as Co becomes very 
large, the second term loses significance and the 
lag time approaches a limiting value, namely, 
.x-/4d On the other hand, as Co approaches zero, 
the first term becomes insignifieant and the lag 
time approaches an infinite value. 

The agreement between the theoretical and experi- 
mental lag times over the range of concentrations 
employed in this work is shown in Fig. 7. In 
Fig 7 the theoretical lag times, as calculated from 
Eq. 10, appear as a solid line while the experi- 
mental values appear as circles, connected by a 
dotted line. The shape of the experimental curve 
as compared with the theoretical illustrates a 
satisfactory agreement between the two. 
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The Adsorption of Dodecylbenzenesulfonate and 
Hexachlorophene on the Skin* 

By GERALD M. COMPEAU 


A technique is presented for determining the 
adsorptive capacity of human skin and the 
skin of laboratory animals for dodecylben- 
zenesulfonate and hexachlorophene. The in- 
fluence of time, pH, and concentration on the 
adsorption is studied and a mechanism for the 
adsorption and antibacterial activity of these 
compounds is postulated. 

Tt has long been known that a reaction takes 
place between anionic surfactants and pro- 
teins. The studies of Anson (1), Putnam (2), 
Putnam and Neuratli (3), Valko (4), and others 
have considered the effect of lauryl sulfate, 
secondary alkyl sulfate, and dodecylbenzene- 
sulfonate on substrates such as egg albumin, wool, 
casein, and horse serum albumin. 

In recent years, as the incidence of skin 
irritation (5, G) has paralleled the increased pro- 
duction and use of sv-nthetic detergents, der- 
matologists have been concerned with the effect 
of these compounds on the intact human skin, 
largely (aside from the gross pathology) from the 
viewpoint of skin protein denaturation and the 
accompanj-ing liberation of sulfhydr)d groups 
from the keratin (7, 8, 9). W'hile the older 
literature stressed the defatting action of the 
sjmthetic detergents, their chemical reactivity 
is now being given more attention. 

Although hexachlorophene is almost exclusively 
used in products formulated to be applied to 
human skin, its adsorption on the skin surface 
has received little studj'. The rationale of its 
use is based on the fact that continued application 
of hexachlorophene-containing products reduces 
the number of viable bacteria which are removable 
from the skin with Ivory soap by test procedures 
such as the serial basin technique of Price (10) 
or modifications thereof (11). Fahlberg, Swan, 
and Seastone (12) ether-extracted thumbs after 
the use of hexachlorophene soaps and indirectly 
estimated the hexachlorophene by a bacteriologi- 
cal assay method. 

EXPERIMENTAL PROCEDURES 
AND RESULTS 

Materials. — The hexachlorophene used was the 
commercial material described in U. S. P. XV. 
The dodecylbenzenesulfonate was the triethanola- 
mine salt of alkyl (kerosene) benzenesulfonic acid 


• Received Decemba 31. lO.'O, from the Research Labora- 
toriM, Lehn S: Pint Products Corp., filer, mGcId, .V. J. 


available as Nacconol 60S.* This eontains 52( 
alk 5 'l benzenesulfonate, 8% triethanolamine sulfati 
and 40% water. It will be referred to as DBSA. 

Determination of Hexachlorophene and DBS, 
on the Skin. — The method is based on the ultrr 
violet absorption spectra (Fig. 1) of these con 
pounds in a solvent which is anhydrous metham 
0.015 M in phosphoric acid (acid methanol). Tli 
hexachlorophene is determined at 298 mp and tli 
DBSA at 262.5 m/x, correcting for the hexachlort 
phene found. The determination of the ultraviolc 
absorption spectra (in this solvent) of many purific 
dodecylbcnzenesulfonates, whether based on kcry 
benzene or tetrapropylbenzene alkylates, shows tli 
presence of fine structure in the beta region of 255 
270 mu with a maximum at 262.5 mu. Reid, Alstor 
and Young (13) find a very close to this vain 
for many proprietary products using water as 
solvent. 

For determining the adsorption levels on the skin 
an extraction technique is used which utilizes i 
glass-stoppered test tube of known cross-sectiona 
area. To determine the rate of adsorption of he.\'a 
chlorophene and DBSA as a scrub is carried out, tin 
following procedure is used : obtain a blank value b; 
scrubbing the hands with a brush for several minute 
with Ivory soap. With 10 cc. of acid methanol in i 
test tube (15 X 150 mm., TS 16), e.xtract a driei 
area of the skin 30 times by inverting the test tub 
over the skin surface. Scrub for two minutes witl 
the test product and again e.xtract the skin. Con 
tinue the scrubs and extractions for the period re 
quired and determine the absorbance of the acii 
methanol extracts at 262.5 m/i and at 298 mp usiii] 
standardized silica cells of 1.000 cm. (±0.5%) ligli 
path. 

Calculations. — At 298 m/r the absorption o 
DBSA is negligible (Fig. 1); thus the absorbanc 
at this wavelength can be taken as a direct nicasun 
of hexachlorophene: K = A /be, where 6 = 1 cm 
and c = Gm./L. 

Since for hexachlorophene X-ss = 14.9, and tlr 
cell is 1 cm., 14.9 = Am/c; and changing fron 
Gm. per liter to meg. per 10 ml.: meg. per 10ml. = 
A-m X 10V14.9 X lOL 

As the 10 ml. contains the hexachlorophene ex 
tracted from the cross-sectional area of the tes 
tube (2.12 sq. cm.), hexachlorophene, nicg./sq. cm 
= X 10'/14.9 X 2.12. 

With the he.xachlorophcne now being known, tin 
DBS.A. is determined at 262.5 ma, correcting for tin 
absorbance of the hexachlorophene at that wave 
length. This correction factor is the ratio A'-tj.s/ 
/v-,, for he.xachlorophcne, which is 0.0920. 

Then, since A',,-., for DB.SA = 0.-187,* DBSA 

* Allted Chemical Corp., Buffalo, N”. V. 

• While this value is for N'acconol COS. the determination 
may be made for other alkyl benzenesulfonates if the /iTiu i 
value is tlctcrmincd for the compound. While all commercial 
sulfonates contain small amounts of homolo;:? of the dwlecyl- 
benzenesulfonate usuallj' considered, the avcrajre absor(>tion 
obtained gives satisfactory values. 
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mcg/sq cm = /Ijc - 5 - (^-98 X 0 0920) X 10 V 
0 487 X 2 12 

It has been found that the rate of extraction of the 
he\ach!orophene and DBSA from the skin is such 
/that no significant increase in reco\er\ is obtained 
bejond 15 extractions and that the 30 extractions 
used IS adequate and requires less than two minutes 
to carry out Studies of blank (Ivorj ) skin extrac- 
tions show a value for liexachlorophene of about 
0 5 meg /cm ^ and m itli the lapse of tune this 
ealue does not change appreciabh A usual blank 
lalue for DBSA is 20 meg /cm • and this value will 
increase slowly with time The ultraviolet absorp 
tion spectra of the blank extracts indicate that this 
increase m absorption in the DBSA range may be 
due to the extraction from the skin of tyrosine con 
taming proteins (14) 



Fig 1 — Ultraviolet absorption spectra of hexachlo- 
rophene and Nacconol 60S 


Efficiency of the Extraction Technique. — To esti- 
mate the completeness of extraction of the hexa- 
chlorophene and DBSA after absorption on a sub 
state, a scrub series was run using a swatch of 
undjed Botany worsted wool This was scrubbed 
with Ivory soap (blank) and then with scrub No 
1681 for five X two minutes As the scrubs pro 
gressed, the wool was extracted as usual Although 
an exact comparison cannot be made since the actual 
/area of the wool fibers is not known, the results 
s' "itli the xvool are shown in Table I together with 
^ ^the results on the human palm 

Table I — Adsorptive Capacity of Wool 


Meg Adsorbea/Sq Cm Substrate 
Substrate Hexachloropbcne DBSA 

Wool (26 mg ) 14 135 

Human palm 24 570 


It IS interesting to note that under these condi- 
tions the wool has taken up approximately 24% by 
weight of DBSA calculated as the drv Na salt, and 
5% b} weight of hexachlorophene The DBSA 
value IS of the magnitude found bx Neville and 
Jeanson (15) for lauryl sulfate when concentration 
differences are allowed for Since the wool showed 
an appreciable adsorption of both compounds, 
an effort was made to gauge the complete 
ness of removal of the adsorbed materials After 
the twelve minute (cumulative) scrub the wool was 
sampled, chopped up, and refluxed with acid 
methanol (1 e, exhaustive extraction) along with 
an Ivory soap scrubbed piece as a blank The re 
suits are shown in Table II 


Table II — Recovery of Adsorbed Compounds 
FROM Wool After Exhaustive Extraction 


Meg /Sq Cm 

Process Hexachlorophene DBSA 

Usual 30 

extractions 15 174 

Exhaustive 

extraction 17 270 



Fig 2 — Effect of pH on the adsorption of hexachlo 
rophene on the skin 



SCRUB TIME MINUTES 

Fig 3 —Effect of pH on the adsorption of DBSA on 
the skin 
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Table III — Effect of pH and Concentration on the Adsorption of Hexachlorophene and DBSA 






— Meg Adsorbed/Sq 

Cm Skin — -s 


Hexachlorophene, 

DBSA, 



Surgical Scrub 

% 

% 

pH 

Hexachlorophene 

DBSA 

Xo 1681 

1 0 

24 

3 0 

23 

565 

Xo 1692 

1 0 

24 

5 0 

19 

400 

Xo 1691 

1 0 

24 

7 0 

10 

185 

Phisohex’’ 

3 0 


5 5 

27 


Xo 1531A 

3 0 

24 

3 0 

44 

435 

Xo 1291 

3 0 

48 

3 0 

48 

850 

SeptisoF 

0 75 


9 4 

16 


Gamophen'^ 

2 0 


9 5 

14 



a Experimental surgical scrub base = DBSA, lauric diethanolamtde 4%, isopropj'l lanolin ester 1%, citrate buffer 
alcohol 126^ \\ater 

Phisohexbase = sodium octj Iphenoxyethyl ether sulfonate, lanolin cholesterols, petrolatum, t\ater. 
c Septisol base = \egetable oil soap water 
Gamophen base = lanolin 4%, anhydrous soap 


The blank (background) correction for DBSA 
uas large on the Ivory-scrubbed vool, indicating 
a liberation from the wool of an amino acid, prob- 
abh tjrosine, absorbing in the ultraviolet region of 
DBSA The indication is that the results being 
obtained with the 30-e\traction procedure are of 
the proper order of magnitude 

Effect of pH and Concentration on Adsorption. — 
Using a scrub containing 1% hexachlorophene and 
24'^'"o DBSA, It can be seen from Figs 2 and 3 that 
the pH of the scrub product has a pronounced effect 
on the hexachlorophene and DBSA adsorbed At 
low pH. adsorption continues even after prolonged 
scrub periods, but at pH 7 the rate of adsorption 
does not increase after eight minutes of scrubbing 
For comparative purposes. Table III shows results 
obtained with several scrubs at a ten-minute 
cumulative scrub time These results arc shown 
graphically in Figs 4-6 

At pH 3, and in the presence of 3% hexacliloro- 
phene, the DBSA adsorbed on the skin is directlv 
proportional to the concentration in the scrub prod- 
uct, i c , doubling the concentration increases the 
DBSA by a factor of 1 96 Hexachlorophene ad- 
sorption increases at a somew hat slow er rate, tripling 
the concentration approx'imateh- doubles the ad- 
sorption 

Removal of DBSA and Hexachlorophene from the 
Skin With Soap. — As show n m Figs 4 and G, scrub- 
bing with Ivory soap will completely remove DBSA 
and hexachlorophene from the skin This removal 
is complete even after several weeks’ exclusive use 
of these materials 

The pH of the Skin After Scrubbing. — The pH of 
the skin was determined immediately after these 
scrubs and subsequenth to determine to what ex- 
tent the skin surface pH was maintained After 
a six-minute scrub with the buffered product of pH 
3. the pH of the skin surface drops to 5 03, from an 
initial pH of 6 05 This is ex-idence of the well- 
known buffer capacity of the skin surface and 
demonstrates that merely lowering the skin surface 
pH by 1 unit xxill highly cationize the skin surface 
\-ia salt formation at the nitrogen sites, leading to 
greater adsorption of both hex'achlorophene and 
DBS.A. For the effect of soap. Fig 7 shows that 
the skin surface pH after a six-minute Ivory soap 
scrub is 7 52 (from 6 05) and that this pH drops off 
rapidly with time compared to the slower rise after 
the acid scrubs Since the products of skin rcspira- 



Fig 4 — ^Adsorption of hexachlorophene from various 
surgical scrubs 



Fig n — Adsorption of hex.ichlorophcne from xarioiis 
surgical scrubs 
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Fig. 6. — Adsorption of DBSA from various surgical 
scrubs. 



Fig. 7. — The pH of the skin after scrubbing 


I tion and metabolism are acidic (carbon dioxide, 
i sweat, sebum) these may serve to hasten the more 
i rapid drop in pH (16) after the soap scrub. 

Adsorptive Capacity of Various Skin Sites.— 
To evaluate any differences in the adsorptive ca- 
pacity of various skin areas, and between different 
species, a series of scrubs was run with the results 
as shown in Table IV. 

This comparison is made at the cumulative ten- 
/winute scrub level, using surgical scrub No. 1681. 

1 \ The results over the full scrub period are shown in 
I ,( Figs. 8 and 9. A great difference in adsorption of 
\ hexachlorophene and DBSA on various skin sites 
's indicated, the most notable difference in roan 
being the much greater adsorption on the more 
highly keratinized areas of palm and finger tips, 
compared to the forearm. There is greater adsorp- 
tioa of he.\-achIoropliene on the thumb, and less 
ndsorption on the second finger, when the finger 


Table IV. — The Absorptive Capacity of Vari- 
ous Skin Sites 


Meg. Adsorbed/Sq. Cm. Skin 


Substrate and Test Area 

Hexachloro- 

phene 

DBSA 

Man, palm 

23 

565 

Man, finger tips 

24 

360 

Man, forearm 

5 

95 

Albino rabbit, flank 

5 

78 

(depilated with thiogly- 
colate) 

Albino rabbit, flank 

4 

0 

(shaved) 

Albino guinea pig,' flank 

4 

20 

(shaved) 



Fig 8. — Adsorption of hexachlorophene on various 
substrates. LT = left thumb; LI = left 1st finger; 
L2 = left 2nd finger, etc. 



Fig. 9. — Adsorption of DBSA on various substrates. 


tips are compared among themselves. The shaved 
flanks of the rabbit and guinea pig show little ad- 
sorption even though some hair is present which 
cannot be removed without damaging the skin. 

Adsorption Levels With Prolonged Use. — He.xa- 
chlorophene determinations were run on the skin 
as e.xc]usive scrubbing with a surgical bar soap’ 
containing 2% hexachlorophene continued over a 
period of several days. Thus, experimental data 

» Gamophen Surgical Soap, Ethicon, Inc., Somerville, N. J. 
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were gathered which give a basis for comparing the 
rate of adsorption of hexachlorophene with its rate 
of disappearance from the skin. The results are 
shown graphically in Fig. 10. Table V shows com- 
parable results obtained with a low-pH, DBSA- 
based scrub 



Fig, 10. — The “cumulative” effect of hexachloro- 
phene. 


Table V. — Exclusive Use of Hexachlorophene 
Scrubs 


Suigical Scrub 

Elapsed Time 

Hexa- 

chloro- 

phenc 

Absorbed, 

McK./Cm.5 

Gamophen soap 

6 min. 

(Initial scrub) 

- 

Ganiophen soap 

5 days 



No. 16S1 

6 rain. 

(Initial scrub) 

a. 16 

No. 1681 

5 days 


15 'j 


Ionic Reaction of Hexachlorophene at Low pH. — 
The experiment below was carried out in order to 
study the extent to which hc-xachlorophene under- 
goes ionic reactions in acid solution, and to obtain 
data useful for postulating a mechanism helpful in 
considering the substantivity of hexachlorophene 
to the skin in relation to the skin substantivity of 
other compounds. 

Equimolar amounts of the particular compound 
and a high molecular weight quaternary ammonium 
chloride compound, Hyaraine 2389* (C« — Cu- 
alkyltolylmethyl trimethylammoniura chloride) were 
dispersed in water with the aid of alcohol. The 
dispersions were diluted out to a concentration of 
0.02 A’ and were shaken out once with xylene to 
remove insoluble material from the reaction mix- 
ture. The pH was taken with the glass electrode. 
The results are shown in Table VI and in Fig. 11. 


Table AT. — Reaction of Anionic Compounds 
AATth Cationic Surfactant 



Molecular 

pH 

I)ispersed 

Without 

Quater- 

pH 

Dispersed 

With 

Quater- 

Compound 

Weight 

narj' 

nary 

Hexachlorophene 

407 

5.3 

2,4 

Bithionol 

356 

6.1 

0 9 

Oleic acid 

282 

5.0 

3.0 

0 -Benzyl 

/’-chlorophcnol 

219 

6.6 

4,9 

o-PhenylphenoI 

170 

0.4 

5.S 

Cresylic acid 

108 

0.3 

5,8 


600 


500 


Q 

I 400 

(L. 

A 

o 

0 

1 300 

o 

S 

< 

O 

^ 200 

a 

u 

u: 

o 

IS 


100 


Fig. 11. — Relationship of molecular weight t( 
anion-activity as evidenced by pH drop with cationic 
compound. 


DISCUSSION 

Mechanism of the Adsorption of DBSA. — Fron 
studies carried out with the proteinaceous fibers, 
silk, wool, and hair (15, 17-19), and with other 
proteins such as insulin (20), albumin, gelatin, 
casein, and zein (21), it appears that anionic surfac- 
tants can act (as regards adsorption) upon proteins 
in two ways; (a) at low pH or on the acid side of 
the isoelectric point of the protein, a straight- 
forward metathetical chentical reaction takes place 
(chemisorption) between the negatively charged 
ion of the anionic surfactant molecule and a cationic 
nitrogen site. Heats of reaction measured are in 
agreement with this chemisorption reaction; and (A) 



I 2 3 4 5 6 7 
pH OF CATIONIC REACTION 
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on the alkaline side of the protein isoelectric point a 
physical adsorption takes place with weaker forces 
holding the protein surfactant together. This would 
be a weak combination of nonpolar groups of pro- 
, tein and hydrophobic residue of surfactant, similar 
f to the forces of micelle formation (21). The results 
of this study are in agreement with this theory since 
an increased degree of substantivity of the DBSA 
to the skin is found as the pH is lowered. The 
keratin or other skin protein of the hands follows 
the general adsorption reactions of proteins and has 
an isoelectric point, as Rothman (22) points out, 
probably between pH 4 and pH 5. Both adsorption 
mechanisms also appear to play a role in the action 
of the DBSA on bacteria. Flett, el al. (23, 24), 
found that kerylbenzenesulfonate lost most of its 
bactericidal action in alkaline solution and that the 
greatest bacterial protein-surfactant combination 
took place at acid pH. Rapid and complete killing 
occurred below pH 4. Karabinos (25) envisions 
the acidified bacterium as being "suffocated” as a 
result of being "coated” by the anionic surfactant. 

Mechanism of the Adsorption of Hexachloro- 
phene. — From the structure and ionization con- 
stants (pKi = 5.4; pKj = 10.9) (26), we might 
expect the adsorption of hexachlorophene on the skin 
to be largely of the type discussed in ( 6 ) above, but 
somewhat stronger, perhaps, due to a hydrogen- 
bonding between phenolic hydroxyl and the — NH — 
groups in the protein backbone (27). The results 
reported here indicate that a common denominator 
e.xists between molecular weight, skin substantivity, 
antibacterial efficacy, and dependence on pH for 
hexachlorophene and other compounds of its 
class. 

The interrelation of these properties is best under- 
stood by considering the anion-active nature of 
compounds such as benzoic acid, fatty acids, sali- 
cylic acid (25), and higher molecular weight phenols 
on the one hand, and the fact that the skin surface 
and bacteria (28, 29) are largely proteinaceous and 
are cation-active at low pH. 

For an effective reaction between skin or bacterial 
protein the anionic reactant must be high enough 
in molecular weight to be anion-active. This weight 
is usually such that solubility is low and micelle 
formation occurs. Kunz and Gump (30) noted 
that prior to the invention of hexachlorophene, 
phenols were not suitable as additives (i. e., in small 
proportion) to soap for the formulation of anti- 
bacterial soaps to be used on the skin. It is likely 
that these phenols were too low in molecular weight 
for adequate skin substantivity. By the analogy 
of a quaternary ammonium compound to the cat- 
ionized skin or bacterial protein, the results given 
in Fig. 11 show the effect that molecular weight may 
have (in a series of active compounds) on skin sub- 
stantivity and antibacterial action The hexa- 
/ chlorophene, or other compound having a poten- 
/ tially ionizable hydrogen atom, reacts with the 
\ quaternary ammonium chloride to yield a high 
\ molecular weight, insoluble compound and hydro- 
' chloric acid: RiNCl + UOij, = RiNO-f. + HCl. 
With a low molecular weight hydrogen ion source, 
such as cresylic acid, the weight of the anion is too 
low to form an Insoluble compound and only a slight 
amount of HCl is liberated. As the molecular weight 
of the anionie compound (hydrogen source) in- 


creases, the reaction product with the cationic com- 
pound becomes more insoluble and the HCl concen- 
tration rises. Since a high molecular weight is 
necessary for skin substantivity, it can be seen that a 
scrub product could be effective on inanimate ob- 
jects where substantivity is less important and yet 
be unsuitable for use on the skin. 

It is well established, in testing phenols for anti- 
bacterial activity, that lowering the pH (31) in- 
creases the efficacy of the phenol. That is, the 
killing dilution of phenols becomes much greater at 
low pH where even such acids as HCl and H 2 SO 4 
are ineffective by themselves. Since this study has 
shown that the hexachlorophene adsorbed (Fig. 2) 
is a function of pH, it would indicate that an ionic 
mechanism was operating here, i. e., bacteria and 
the skin surface undergo the reactions of proteins 
and we cannot consider that we acidify a phenol in 
the presence of bacteria without recognizing that we 
acidify the bacterial protein, hence cationize it, and 
bring about a greater reactivity with the phenol 
anion. It would be more helpful, then, in under- 
standing the bactericidal process as concerns the 
relationship between pH and phenols (and other 
anionic agents) to speak of "cationizing the bac- 
teria” rather than "acidifying the phenol” or other 
active anion. 

In like manner, lowering the pH of the skin in- 
creases the cationicity of the skin protein and 
causes greater reactivity with the hexachlorophene 
anion. In a dispersed system, even at pH 5 and 
pH 3, then (in the undissociated form) we can con- 
sider hexachlorophene to be an anion-active com- 
pound. Also, Pankhurst (27), considering the 
tanning action of phenols on hides (i. e., collagen) 
finds there is evidenee of ionic interaction in vege- 
table (phenol) tanning. 

Cumulative Action of Hexachlorophene. — Work- 
ers in the field of degerming ( 10 ) the skin fre- 
quently speak of a "cumulative action” (32, 33) 
of hexachlorophene on the skin, by whieh it is 
meant, presumably, that the hexachlorophene 
cumulates on the skin (with exclusive use of a hexa- 
chlorophene soap) and builds up or concentrates 
toward ever-higher levels until a low plateau is 
reached on the bacterial count-time curve. The 
actual skin adsorption levels obtained while scrub- 
bing exclusively with a hexachlorophene soap 
(Fig. 10) may be explained as follows: starting 
with Ivory soap-clean skin (palms) a six-minute 
continuous scrub with the surgical bar soap lays 
down 7 meg. of hexachlorophene/sq. cm. Three 
hours later, the hexachlorophene is still about the 
same level. Five days later, after exclusive use of 
the soap, the hexachlorophene level is only slightly 
higher (mid-moming). Wlien this mid-morning 
skin is scrubbed for six minutes, the adsorption 
doubles, from 7 to 14 meg./sq. cm. skin. Vigorous 
scrubbing with Ivory soap then brings the hexa- 
chlorophene down to zero. Again, six minutes with 
surgical bar soap brings the hexachlorophene back to 
7 meg./sq. cm. skin. 

If a cumulation of hexachlorophene were taking 
place on the skin, then by definition, a significantly 
higher amount of hexachlorophene per unit area of 
skin should be present after a given period of time. 
The results of the present work show that: (o) 
after five days of exclusive use of the surgical bar 
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were gathered which give a basis for comparing tlic 
rate of adsorption of hcxaclilorophene with its rate 
of disappearance from the skin. Tlie results arc 
shown graphically in Fig 10. Table shows com- 
parable results obtained with a low-pH, DBSA- 
based scrub 



Fig. 10. — The "cumulative" effect of he.\achloro- 
phene. 


Table \' — Exclusive Use of Hexachlorophene 
Scrubs 


Smgical Scrub 
Garaophen soap 
Gamophen soap 
Vo 1681 
Vo. 1681 


Elapsed Time 
6 rain (Initial scrub; 

5 days 

6 min. (Initial scrub) 
5 days 


Heia- 
chloro- 
phenc 
Absorbed. 
Meg /Cm - 

- ‘-J 

‘ *ui 

_ 16 _ 
15 -I 


Ionic Reaction of Hexachlorophene at Low pH. — 
The experiment below was carried out in order to 
study the extent to which hexachlorophene under- 
goes ionic reactions in acid solution, and to obtain 
data useful for postulating a mechanism helpful in 
considering the substantivity of hexachlorophene 
to the skin in relation to the skin substantivity of 
other compounds. 

Equimolar amounts of the particular compound 
and a high molecular weight quaternary ammonium 
chloride compound, Hj’araine 2389* (C. — Cjs- 
alkj-ltolylmethyl trimethylammonium chloride) were 
dispersed in water M-ith the aid of alcohol. The 
dispersions were diluted out to a coneentration of 
0.02 A’ and were shaken out once with xylene to 
remove insoluble material from the reaction mix- 
ture. The pH was taken with the glass electrode. 
The results are shown in Table VI and in Fig. 11. 


* Rohm & Haas Co , Philadelphia. Pa. 


Table VI. — Reaction op .Anionic Co.mpou.ni 
With Cationic Surfactant 


Compound 

Molecular 

pH 

Dispersed 

Without 

Quater- 

pH 

Disperse 

With 

Weight 

nar>' 

nary 

I Ic.xachlorophene 

407 

5.3 

2.4 

Bithiono! 

.3.50 

0.1 

2.2 

Oleic acid 

2S2 

5.0 

3.0 

o-Benzyl 

p chlnrophenol 

219 

0.0 

4.9 

o-Phenvlpheni)l 

170 

0 4 

5.8 

Cresylic acid 

108 

0.3 

5.8 



Fig. 11. — Relationship of molecular weight to 
anion-activity as evidenced by pH drop with cationic 
compound. 


DISCUSSION 

Mechanism of the Adsorption of DBSA. — From 
studies carried out ivith the proteinaceous fibers, 
silk, wool, and hair (15, 17-19), and with other 
proteins such as insulin (20), albumin, gelatin, 
casein, and zein (21), it appears that anionic surfac- 
tants can act (as regards adsorption) upon proteins 
in two ways: (a) at low pH or on the acid side of 
the isoelectric point of the protein, a straight- 
forward metathetical chemical reaction takes place 
(chemisorption) between tlie negative!}- charged 
ion of the anionic surfactant molecule and a cationic 
nitrogen site. Heats of reaction measured are in 
agreement with this chemisorption reaction; and (b) 
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oil the alkaline side of the protein isoelcctrie point a 
physical adsorption takes place with weaker forces 
holding the protein surfactant together. This would 
be a weak combination of nonpolar groups of pro- 
^ tein and hydrophobic residue of surfactant, similar 
to the forces of micelle formation (21). The results 
of this study arc in agreement with this theory since 
an increased degree of substantivity of the DBSA 
to the skin is found as the pH is lowered. The 
keratin or other skin protein of the hands follows 
the general adsorption reactions of proteins and has 
an isoelectric point, as Rothman (22) points out, 
probably between pH 4 and pH 5. Both adsorption 
mechanisms also appear to play a role in the action 
of the DBSA on bacteria. Flett, el al. (23, 24), 
found that kerylbenzenesulfonate lost most of its 
bactericidal action in alkaline solution and that the 
greatest bacterial protein-surfactant combination 
took place at acid pH. Rapid and complete killing 
occurred below pH 4. Karabinos (25) envisions 
the acidified bacterium as being "suffocated” as a 
result of being "coated" by the anionic surfactant. 

Mechanism of the Adsorption of Hexachloro- 
phene. — From the structure and ionization con- 
stants (pKi = 5.4; pKj = 10.9) (26), we might 
expect the adsorption of hexachlorophene on the skin 
to be largely of the type discussed in ( 6 ) above, but 
somewhat stronger, perhaps, due to a hydrogen- 
bonding between phenolic hydroxyl and the — NH — 
groups in the protein backbone (27). The results 
reported here indicate that a common denominator 
exists between molecular weight, skin substantivity, 
antibacterial efficacy, and dependence on pH for 
hexachlorophene and other compounds of its 
class. 

The interrelation of these properties is best under- 
stood by considering the anion-active nature of 
compounds such as benzoic acid, fatty acids, sali- 
cylic acid (25), and higher molecular weight phenols 
on the one hand, and the fact that the skin surface 
and bacteria (28, 29) are largely proteinaceous and 
are cation-active at low pH. 

For an effective reaction between skin or bacterial 
protein the anionic reactant must be high enough 
in molecular weight to be anion-active. This weight 
is usually such that solubility is low and micelle 
formation occurs. Kunz and Gump (30) noted 
that prior to the invention of hexachlorophene, 
phenols were not suitable as additives (i. e., in small 
proportion) to soap for the formulation of anti- 
bacterial soaps to be used on the skin. It is likely 
that these phenols were too low in molecular weight 
for adequate skin substantivity. By the analogy 
of a quaternary ammonium compound to the cat- 
ionized skin or bacterial protein, the results given 
in Fig. 11 show the effect that molecular weight may 
have (in a series of active compounds) on skin sub- 
stantivity and antibacterial action The hexa- 
/ chlorophene, or other compound having a poten- 
f tially ionizable hydrogen atom, reacts with the 
\ quaternary ammonium chloride to yield a high 
\ molecular weight, insoluble compound and hydro- 
' chloric acid: RiNCl -f HO 0 = RiNO^ -f HCl. 
With a low molecular weight hydrogen ion source, 
such as cresylic acid, the weight of the anion is too 
low to form an insoluble compound and only a slight 
amount of HCl is liberated . As the molecular weight 
of the anionic compound (hydrogen source) in- 


creases, the reaction product with the cationic com- 
pound becomes more insoluble and the HCl concen- 
tration rises. Since a high molecular weight is 
necessary for skin substantivity, it can be seen that a 
scrub product could be effective on inanimate ob- 
jects where substantivity is less important and yet 
be unsuitable for use on the skin. 

It is well established, in testing phenols for anti- 
bacterial activity, that lowering the pH (31) in- 
creases the efficacy of the phenol. That is, the 
killing dilution of phenols becomes much greater at 
low pH where even such acids as HCl and H 2 SO< 
are ineffective by themselves. Since this study has 
shown that the hexachlorophene adsorbed (Fig. 2) 
is a function of pH, it would indicate that an ionic 
mechanism was operating here, i. e., bacteria and 
the skin surface undergo the reactions of proteins 
and we cannot consider that we acidify a phenol in 
the presence of bacteria without recognizing that we 
acidify the bacterial protein, hence cationize it, and 
bring about a greater reactivity with the phenol 
anion. It would be more helpful, then, in under- 
standing the bactericidal process as concerns the 
relationship between pH and phenols (and other 
anionic agents) to speak of "cationizing the bac- 
teria” rather than "acidifying the phenol" or other 
active anion. 

In like manner, lowering the pH of the skin in- 
creases the cationicity of the skin protein and 
causes greater reactivity with the hexachlorophene 
anion. In a dispersed system, even at pH 5 and 
pH 3. then (in the undissociated form) we can con- 
sider hexachlorophene to be an anion-active com- 
pound. Also, Pankhurst (27), considering the 
tanning action of phenols on hides (i. e., collagen) 
finds there is evidence of ionic interaction in vege- 
table (phenol) tanning. 

Cumulative Action of Hexachlorophene. — Work- 
ers in the field of degerming ( 10 ) the skin fre- 
quently speak of a "cumulative action” (32, 33) 
of hexachlorophene on the skin, by which it is 
meant, presumably, that the hexachlorophene 
cumulates on the skin (with exclusive use of a hexa- 
chlorophene soap) and builds up or concentrates 
toward ever-higher levels until a low plateau is 
reached on the bacterial count-time curve. The 
actual skin adsorption levels obtained while scrub- 
bing exclusively with a hexachlorophene soap 
(Fig. 10) may be explained as follows: starting 
with Ivory soap-clean skin (palms) a six-minute 
continuous scrub with the siugical bar soap lays 
down 7 meg. of hexachlorophene/sq. cm. Three 
hours later, the hexachlorophene is still about the 
same level. Five days later, after exclusive use of 
the soap, the hexachlorophene level is only slightly 
higher (raid-morning). When this mid-morning 
skin is scrubbed for six minutes, the adsorption 
doubles, from 7 to 14 meg./sq. cm. skin. Vigorous 
scrubbing with Ivory soap then brings the hexa- 
chlorophene down to zero. Again, six minutes with 
surgical bar soap brings the hexachlorophene back to 
7 meg./sq. cm. skin. 

If a cumulation of hexachlorophene were taking 
place on the skin, then by definition, a significantly 
higher amount of hexachlorophene per unit area of 
skin should be present after a given period of time. 
The results of the present work show that: (a) 
ufter five days of exclusive use of the surgical bar 
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soap tlicre is no increase in concentration of licxa- 
chlorophcne on the skin ; llic rate of use of tlic surgi- 
cal soap is counterbalanced by the rate of disappear- 
ance; (6) a higher level of hexachlorophcne is 
attained when the soap is used on a normal (acid) 
skin than on an alkaline (Ivory-scrubbed) skin 
It would appear that the concentration of hexa- 
chlorophenc on the skin is not so much a function 
of the number of days elapsed since the first scrub- 
bing was done as it is on tiic condition of tiic skin, 
length of scrubbing time, and the time-lapse since 
the previous scrub The largest use of he.xachloro- 
phene is in soaps intended to be used over an ex- 
tended period of time, and practically all of the 
bacteriological work done which considers the 
“cumulative” effect of hexaclilorophcnc is on soap- 
based products Although low-pH, DDSA-based 
surgical scrubs lay down on the skin far more 
hexachlorophcne than a soap-based product in a 
given period of scrubbing as indicated in Table I, 
it is interesting to note that determinations of hexa- 
chlorophene on the palms of four subjects using 
surgical scrub No. 1681 exclusively for a period of 
twenty-one days show that there is no cumulation 
of hexachlorophcne at all on the hands over this 
extended period of time; there is no more hexa- 
chlorophene on the skin on the twenty-first day 
than there was on the first day. Thus, there is no 
cumulation of hexachlorophcne on the skin from 
either an alkaline soap or an acid syndet. 

It follows, then, that the antibacterial effective- 
ness of hexachlorophcne on the skin is not due to a 
cumulative building-up of this compound on the 
skin, but rather to its being maintained at a given 
level on the skin (or a long period of time Ac- 
cording to Cade (11) the efficacy of hexachlorophcne 
on the skin lies in its being- continuously available in 
sufficient concentration to lessen the degree of 
multiplication of the bacteria. It is theoretically 
possible that the concentration of hexachlorophcne 
on the skin resulting from a single scrubbing with 
a hexachlorophcne soap might be sufficient to 
obtain a low bacterial count after a lapse of several 
days if we did not have to be concerned with this 
concentration being lowered through being rubbed 
off on clothing, being inactivated (34) or diluted 
by perspiration or other body exudations, etc. 
Continuous use of hexachlorophene soap maj' serve 
more the purpose of providing a modest concentra- 


tion of "fresh” hexachlorophene to a site where the 
hcxachloropheue applied earlier had become in- 
activated or "spent” than the purpose of “building- 
up” the hexachlorophene concentration to a high 
level 
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Distribution Coefficients and Dissociation Constants 
of a Series of Barbituric Acid Derivatives* 

By J. P. LEYDA, D. J. LAMB, and L. E. HARRIS 


An equation was derived to illustrate the 
relationship between distribution coefficients 
and dissociation constants of weak acids. 
The method used in determining the distribu- 
tion coefficients of a series of barbituric 
acid derivatives is described. These data 
obtained from the distribution studies are 
used to calculate the thermodynamic dis- 
sociation constants of a series of barbituric 
acid derivatives. The relationship^ and 
methods employed are shown to be valid and 
the results reproducible. 

^^His INVESTIGATION was undertaken as the 
-*• preliminary phase of a study for determining 
a possible relationship between free energy dif- 
ferences and biological activity. It was the pur- 
pose of this investigation to study the relation- 
ship between the distribution coefficients and 
dissociation constants of some barbituric acid 
derivatives. 

Distribution studies have been used to deter- 
mine dissociation constants of various organic 
acids and bases (1, 2). Golumbic (1) has de- 
rived an equation to illustrate the relationship 
between distribution coefficients and dissociation 
constants in a system when the hydrogen ion 
concentration is insignificant in comparison to 
the dissociation constant. This equation is not 
applicable to systems in which the hydrogen ion 
concentration and dissociation constant are of 
the same magnitude. 

The dissociation constants of barbituric acid 
derivatives have been determined by Krahl (3), 
using pH measurements at various ionic strengths, 
and by Biggs (4), using spectrophotometric 
measurements at various hydrogen ion concentra- 
tions. 

THEORY 

During this investigation it was necessary to 
derive an equation to illustrate the relationship 
between the distribution coefficient and the dis- 
sociation constant of a weak acid. An assumption 
is made and the terms of the system defined. It is 
assumed that the weak acid is monomeric in the 
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aqueous and organic phases and only the undis- 
sociated species distributes between the immiscible 
solvents. 

In this equation, k is the observed ratio of the 
concentration of weak acid in the aqueous phase to 
its concentration in the organic phase at a specific 
pH, ko is a similar observed ratio at a pH where 
only the undissociated acid is present, and pKa is 
the logarithm of the reciprocal of the dissociation 
constant of the acid. 

The following equation can be derived from the 
relationships between k, ko, and the Henderson- 
Hasselbalch equation. 

pKa = pH — log (k — ko)/ko 

From this equation the apparent dissociation 
constant of a weak acid can be calculated from the 
distribution coefficient of the acid at a pH where 
only undissociated molecules are present and at a 
pH where partial dissociation of the acid is pos- 
sible, See Table I. 

The true thermodynamic dissociation constant 
which is based on the activity of the acid may be 
calculated when the add concentration is converted 
into terms of activity. The correction factor used 
in changing to activity is the mean activity coeffi- 
cient {-log/ ±), 

pKa' = pKa — log / ± 

This correction factor is the same as used by Biggs 
(4). The mean activity coefficient can be calcu- 
lated by the Davies equation (5). 

EXPERIMENTAL 

Materials. — The barbiturates were recrystallized 
from ethanol-water mixtures with the exception 
of butethal. Due to the low melting point of 
this compound a mixture of ether-petroleum ether 
(30-60° b. p.) was employed. Tris (hydroxy- 
methyl) amino methane, commonly referred to as 
“tris,” was purified by the method described by 
Possum (6). 

The chloroform used in these studies was purified 
by washing with a sodium bicarbonate solution, 
distilled water, and a saturated solution of sodium 
chloride, respectively. It was partially dried with 
the addition of anhydrous magnesium sulfate and 
then distilled. The isooctane used was of reagent 
grade and the water employed was demineralized 
and double distilled. 

Spectrophotometric Assay. — In solutions of a 
pH of 9 or below barbiturates have extremely low 
extinction coefficients. With the addition of an 
alkali to the aqueous barbiturate solutions to give 
a pH of about 11 the absorption increases due to the 
enol formation (7). 

A known concentration of barbiturate was 
dissolved in an alkaline buffer with the pH of 
10.9. The wavelength of maximum absorption 
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Table I, — Data Pertaininc. to a Sbrif-s of Uariiituric Acid Derivatives Used in 

THE Derived Equation 


Generic Name 

R 

R' 

lUft 

Molar 

Hxtinc- 

ti'on, 

!•: X 10 -* 

k „ 

k 

pKa 

Pound 

pKa 

Lit 

Barbital 

Et 

El 

2.39 

10,2 

9.00 

21.02 

8.00 

7.97 (4) 

Probarbital 

Et 

isopropyl 

24() 

9.8 

2,49 

5.12 

8.17 

8.01 (3) 

Butcthal 

Et 

«-butyl 

239 

11 5 

0 47 

0.99 

8.10 

7.92 (3), 

Butabarbital 

Et 

.«f -butyl 

241) 

11 0 

0 40 

0.90 

8,10 

7.98(4) 

5-Ethyl-5-(2-mcthyl)- 

Et 

2-mcthyl 

240 

9.0 

1 GO 

5 29 

7,85 


allylbarbituric acid 
Pentobarbital 

Et 

allyl 

1 -mclhvl 

240 

10 1 

0 17 

0 35 

8.17 

8.11 (3) 

Vinbarbital 

Et 

bulyi 

1 -mclhvl 

239 

9 5 

0,01 

2 58 

7.72 

Amobarbital 

Et 

butcnyl 

isoamyl 

239 

10 0 

0.10 

0,40 

8.02 

7.90 (4), 

Cyclobarbital 

Et 

cyclo-1- 

239-240 

10,0 

0 01 

2,10 

7.79 

7.94 (3) 
7.50 (3) 

Phcnobarbital 

Et 

cnj'l 

phcnvl 

239 

11 0 

1 58 

9 14 

7.54 

7.45 (3) 

Diallylbarbituric acid 

Allvl 

allyl 

241 

9 2 

2 30 

7.25 

7.88 

7.77 (3) 

Aprobarbital 

Allyl 

isopropyl 

241 

9 2 

l.,32 

3.09 

8.09 

7.99 (3) 

Allj'lbarbituric acid 

Allvl 

isobutyl 

240 

9 5 

0 41 

1 35 

7.80 


and the molar extinction coelTicicnt.s were deter- 
mined by measuring the absorbance of known con- 
centrations of barbiturates at 239, 240, and 241 
mil. The measurements were obtained by the use 
of the Beckman DU spectrophotometer. 

These data were used in assaying the aqueous 
phases during the distribution studies. 

Bufier Solutions. — The preparation of the tris 
and acidic buffer solutions of a definite ionic strength 
followed a modification of the general sclicme 
shown by Bates (8). The alkaline buffer solutions 
were prepared with the weak base tris, hydro- 
chloric acid, and either potassium or sodium clilo- 
ride added to give the desired ionic strength. 
The acidic buffers were prepared using the hydro- 
chloric acid and sodium or potassium chloride to 
adjust the ionic strength. The ionic strength of 
the buffer solutions were calculated in the usual 
manner. 

The ultimate standard employed in deter- 
mining pH was a phosphate buffer described by 
Bates (9). The pH of the tris buffer solutions were 
determined at 25° with a Beckman GS pH meter. 

Distribution Studies. — The solvent system used 
was an aqueous buffer phase and a mixture of 
chloroform (60%) and isooctane (40%). To 
determine the distribution coefficient {ko) of the 
undissociated acid the acidic buffer was used as 
the aqueous phase. The tris buffer at a known 
pH was used as the aqueous phase in determining 
the distribution coefficient {k). 

A stock solution of barbiturate (approx. 9 X 10~^ 
but known) was prepared in the buffer solutions. 
Equal portions of the organic phase and the stock 
barbiturate solution were placed in 10-dram Opti- 
clear vials. The vials were sealed and placed in a 
constant temperature bath at 25 ± 0.01° to equi- 
librate. When temperature equilibrium was reached 
the vials were shaken for one minute. The phases 
were allowed to separate completely and then an 
aliquot of the aqueous phase was removed, diluted 
with pH 10.9 buffer to give a suitable absorbance, 
and measured spectrophotometrically. The original 
stock solution was assayed in a similar manner . 


The following equation was used to calculate 
the k and kc 

k or k — •'* uqueous phase after distribution 
^ ~ A stock solution — A aqueous phase 

where A rcpre.scnts the absorbance. Direct substi- 
tution of the inc.-isured pH, k, and ko into the derived 
equation gave the apparent pKa' of the barbiturate. 
Upon correction to activities by the Davies equation 
the true thermodynamic pKa was obtained. The 
ionic strength of the aqueous buffer solutions was 
0 . 02 . 

DISCUSSION AND RESULTS 

The equation which was derived to correlate the 
relationship between the distribution coefficients 
and the dissociation constants of weak acids was 
based on the assumption that the acid was present 
in the monomeric form in the aqueous and organic 
phases and only the undissociated species distributes 
between the immiscible solvents. This assumption 
was shown to be valid due to the agreement be- 
tween the literature dissociation constants and the 
experimentally determined values. 

This equation is more applicable than previously 
derived relationships since the hydrogen ion con- 
centration can be of the same or different magnitude 
than that of the dissociation constant. The pH of 
the aqueous phase has no confined limits as long as 
the acid is monoprotic. In sj-stems which contain 
a nonmonoprotic acid the pH must be maintained 
at a Value where it can be assumed that the effect of 
other ionizable groups is insignificant. 

SUMMARY 

1. An equation was derived to correlate tin 
relationship between distribution coefficient: 
and dissociation constants of weak acids. 

2. The wavelength of maximum absorbanc( 
and the molar extinction coefficients of thirteei 
barbiturates were determined. 
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3. The dissociation constants of a series of 
barbituric acid derivatives were calculated. The 
distribution coefficients of the barbiturates were 

; determined at 25° in a system of aqueous solu- 
tion, and a mixture of 60 per cent chloroform 
and 40 per cent isooctane. 

4. The assumption on which the relationship 
between distribution coefficients and dissociation 
constants of weak acids was based was shown 
to be true. 
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Correlation of the Distribution Coefficients of Various 

Barbituric Acids* 

By DONALD J. LAMB and LOYD E. HARRIS 


Evidence is provided to indicate that the 
distribution coefficients of various barbituric 
acids can be related to the number of carbon 
atoms and the Taft polar constants of the 
5,5-substituents. This suggests that the 
hydrophilic portion of the molecule is affected 
not only by the size of the substituents but, 
also, by their polarity. 

A TTEMPTS have been made to develop relation- 
^ ships between changes in structure and the 
distribution of compounds between an organic 
solvent and water. Collander (I) tabulated 
numerical estimates of the effects of various 
groups on the distribution coefficients of organic 
compounds. Alders (2) showed the logarithm 
of the distribution coefficient to be a linear func- 
tion of the number of carbon atoms in the alkyl 
groups of a series of homologous straight-chain 
organic compounds. However, he reported that 
deviations from linearity do occur when the 
alkyl chain contains less than three or four car- 
bon atoms. This, he postulated, is due to dif- 
ferences in inductive effects in lower members of 
/ the alkyl side-chain and this difference rapidly 
' decreases as the number of carbon atomsincreases. 
\ The purpose of this paper is to develop a re- 
\ lationship of the distribution coefficients of a 
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series of barbituric acids as a function of inductive 
or polar effects as well as the number of carbon 
atoms in the .5,5-substituents of these compounds. 

DISCUSSION 

If a series of compounds, such as 5,5-substituted 
barbituric acids, is chosen which differ from one 
another only in carbon content of their substituents, 
it Would be expected that the distribution of these 
compounds would change with the alteration of the 
lipophilic cliaracter of the substituents as well as 
the influence these groups exert on the rest of the 
molecule. 

This influence exerted by the substituents on the 
rest of the molecule may be in the nature of reso- 
nance, steric, or inductive (polar) effects. In the 
5,5-sub5tituted barbituric acids used in this study 
the 5-position of t!ie barbituric acid ring is saturated 
and, therefore, would be incapable of transmitting 
any resonance effects from the substituents to the 
carbonyl groups in the ring. 

O 

il H 

/6 1 \ 

/C5 2C=0 

R/ \4 3/ 

C N 

11 H 

O 

Here the carbonyl groups, in positions 4 and 0. 
are defined as the “reaction sites.” Since the 5,5- 
substituents arc not adjacent to these reaction 
sites, it would seem that steric inhibition of solvation 
of the hj'drophilic portion of the molecule would be 
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Tabi e I — Correlation of the Ei fect of Structure on the Distribution Coefficients of 5,5 

Substituted Barbituric Acids ii'i Eq 1 


Log K- 



Compound 


Ri U- 

N 

I,< 7 » 

Observed 

Calcci 

1 

Barbital 

C2H3 

c-lls 

4 

-0 225 

- 1-0 957 

4-0 958 

2 

Probarbital 

CjHt 

I C,II, 

5 

-0 240 

4-0 396 

4-0 331 

3 

Butethal 

CjIU 

»i-C,II, 

G 

-0 215 

-0 328 

-0 242 

4 

Butabarbital 

CiHi, 

C, 1 U(C 1 I,)CII 

6 

— 0 255 

-0 337 

-0 296 

5 

Pentobarbital 

C2II3 

C,II,(CII,)C 1 I 

7 

-0 255 

-0 770 

-0 842 

6 

Amobarbital 

CjIU 

r C3II11 

7 

-0 215 

-0 796 

-0 788 

7 

Phenobarbital 

C-Ili 

C.Ht 

8 

-1-0 04 

4-0 199 

4-0 199 

8 

Aprobarbital 

CIl2= 

-CIICII2 I C3II7 

6 

-0 185 

4-0 121 

4-0 082 

9 

Allylbarbituric acid 

CIl 2 = 

=CIICII- I CJI. 

7 

-0 190 

-0 .387 

-0 491 

10 

Diallylbarbitunc 

CIL= 

=ciicii2 ciL=-cncii, 

6 

-0 120 

4-0 362 

4-0 431 

11 

5 Ethyl 5-(2 methvi) 

C2II3 

CH..=-C(C 11 ,)CII: 

6 

-0 175 

4-0 204 

4-0 135 


all} Ibarbiluric acid 


slight or at least constant for the senes studied 
Inductile or polar eficcts then iionld be the mam 
effects exerted b} the substituents 

If these assumptions are considered lalid, the 
folloii mg ecimtion ni ii be iintten 

Log A = -> \ + p* i <r‘ + log A„ (Eq 1) 

11 here K is the distribution cocfTicient of the barbi 
tunc acid betiiecn aqueous acid solution and 40% 
isooctane chloroform solution These data and 
methods for their determination arc reported elsc- 
11 here (3) Log K is the distribution cocfTicient of 
the unsubstituted barbituric acid, N is the number 
of carbon atoms in the 5.5 substituents, and 
Sir* is the sum of the Taft polar constants (4) 
Gamma and p* arc reaction constants" indicating 
the susceptibilit} of the reaction' or distribution 
coefficient to a change in the number of carbon 
atoms and polariti , rcspectii cl} 

Equation 1 is analogous to that reported b} 
Taft (b) to describe the rates of mctlianohsis of a 
series of / methil esters m terras of the polar and 
steric efiects of the ac} 1 component of the esters 
The polar constants for the senes of clcteii 5,5 
substituted barbituric acids listed m Table I iicrc 
obtained from published data (G) Tliei Here 
chosen considering the 5,5 substituents and the 
carbon atom m position five of the ring as a unit, 

1 e , the polar constant for aprobarbital (5 all} I 5 
isoprop}dbarbituric acid) nas obtained from the 
sum of the polar constants for the CH 2 =CHCHi 
CHi — and (CH 3 )^CH.CH — groups rather than 
the all}l and isoprop}! groups This is justified 
m that the value listed for the (CjHsjCH^ — group 
IS —0 225 while doubling the value of the n prop}l 
group leads to —0 230 Since the polar constant 
for a 3 buten}’l group Mas not available, its value 
was calculated from the pKa of vin} 1 acetic acid (7) 
and the equation describing the ionization constants 
of carboxylic acids as a function of the polar con- 
stants of their substituents (5) The value obtained 
was -|-0 17, the value of the CH 3 CH=CH — group 
IS -)-0 36, and that for the CH 3 CH=CHCH 3 — 
group IS -|-0 13, therefore, introduction of a methyl- 
ene group decreases the constant b} 0 23 Combin 
mg this with the value of -t-0 17 for the all} 1 group 
leads to a value of —0 06 for the CH 2 =CHCH 3 
CH 2 — group Bv similar methods a value of 
—0 055 was obtained using the pKa of alh 1 malonic 
acid (7) after first subtracting the constant of the 
HOOCCH 2 — group 


The iiuiiibcr of carbon atoms of the 5,5-substitu 
cuts Merc used Mithoiit addition of the carbon m 
position flic of the ring as a matter of expedience 
since .iddition of a constant number to the lalue of 
A' Mould h 11 e no 01 crall effect 
The constants of Eq 1 were determined b\ stand 
ard statistical procedures as convenientli outlined 
b\ Taft (6) The lalucs obtained along iiith 
their standard dci 1 itions arc y = —0.5462 ± 
0 0006. p* = 5 38 ± 0 09. and log K, = 4 353 ± 
0 0.36 The multiple correlation coefficient is 
0 997 and the probable error of the fit of a single 
obscrxation is 0 08 log unit The xalues of log K 
calculated b} this equation are listed in Table I 
together M it h the cxperinientalK determined lalues 
It IS Cl ident that the distribution coefficients of 
the 5.5 substituted barbituric acids are affected b} 
more than the change in carbon number of their 
substituents (sec Eig 1) When a correction is 
applied for the polar effects of the substituents, a 
line.ir relationship IS obtained (Tig 2) Considering 
this linear rtlationsliip and the magnitude of the 



NUMBER OF CARBON ATOMS 
IN 5 o SUBSTITUENTS 

Fig 1 — Failure of single parameter to correlate 
the distribution coefficients of 5,5-substituted bar- 
bituric acids The numbers adjacent to the circles 
correspond to the compounds listed in Table I 
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NUMBER OF CARBON ATOMS 
IN 5,5-SUBSTITUENTS 

Fig. 2. — Correlation of the distribution coefficients 
of 5,5-substituted barbituric acids by the equation 
logJir — p* 2<r* ^ y N — log Ko. The numbers 
adjacent to the circles correspond to the compounds 
listed in Table I. 

polar reaction constant (p* = -t-5.38), small 

changes in the inductive effects of the lipophilic 
portion of the molecule can have a pronounced 
effect on the reaction site or hydrophilic portion of 
the molecule. The excellent correlation of these 
two parameters with the experimental data would 
indicate that steric effects, as expected, are constant 
or negligible in this reaction series. 

Equation 1 emphasizes the fact that the carbon 
atom number and the polar effects are independent 
of each other, i. e., if one is constant or zero, the 
other defines the changes in log K. This is illus- 
trated in Fig. 2 with compounds 3, 4, 8, 10, and 11 
all having a value of iV == 6 and the polar constant 


changing by a factor of more than 2. The fit of the 
data to the theoretical line is in good agreement as 
predicted bj' the equation. On the other hand, 
when the polar constants are nearly constant as in 
compounds 1, 2, 3, 4, 5, and 6, a linear relationship is 
obtained (Fig. 1) from the plot of Log K versus 
number of carbon atoms. 

Equation 1 can be used with some confidence in 
predicting the distribution coefficients of barbituric 
acid derivatives substituted in position five by 
hydrocarbon groups provided the polar constants are 
available or a reasonable estimate can be made. 

SUMMARY 

An equation has been derived to establish the 
distribution coefficients of a series of 5,5-sub- 
stituted barbituric acids as functions of the 
number of carbon atoms and Taft polar constants 
of their substituents. The correlation coefficient 
indicates an excellent fit of the data to the equa- 
tion with a probable error of a single observation 
of 0 08 log unit. This indicates that the distri- 
bution of the barbiturates is affected not only 
by the mass of the 5,5-substituents but, also, 
by the influence of the inductive effects of these 
groups on the hydrophilic portion of the molecule. 
It has also been shown that the two parameters 
which define the distribution coefficients are 
independent of each other as predicted by Eq. 1. 
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An Evaluation of Certain Hypotensive Agents IV* * * § 

Diquaternarized Piperidine Derivatives 


By J. P. BUCKLEY, M. L. JACQUART, R. K. BICKERTONf, W. J. HUDAKf, 
F. M. SCHALITt, J. J. DEFEO§, and J. A. BIANCULLI 


Certain diquaternarized piperidine derivatives 
and several bis-tertiary amines were evaluated 
in the anesthetized rat and dog. The most 
active hypotensive agents were: 3-mor- 
pholinopropyl N-methylpipecolinate di- 
methiodide (JB-643), 2-morpholinoethyl N- 
methylpipecolinate dimethobromide (JB- 
654), and beta(3-diethylamino-l-propynyl)- 
N-methylpiperidine dimethobromide (JB- 
579). The compounds JB-643 and JB-654, 
administered orally to unanesthetized dogs, 
produced marked hypotensive responses 
persisting for more than eleven hours. 

/^ERTAIN diquaternarized piperidinecarboxylic 
acid esters have previously been reported 
by our laboratory to be potent hypotensive 
agents (1-3). Beta-diinetliylaminoethyl N-metli- 
j'lpipecolinate (JB-591) has also been reported to 
possess both central and peripheral hypotensive 
properties and to be eflective in controlling 
essential hypertension in human patients (2). 
This present report deals principally with the 
evaluation of additional diquaternarized piperi- 
dinecarboxylic acid esters, certain of their “re- 
versed" esters, and some /3-dialkylaminoalkynyl- 
N-methylpiperidines (Fig. 1). 

EXPERIMENTAL 

H 3 T) 0 tensive Activity in Rats.— The experimental 
compounds were screened and evaluated in anes- 
thetized normotensive rats using the method 
described in a previous paper (4). 

The oral activity of JB-654 was also investigated. 
The compound was administered via gastric intuba- 
tion to rats prepared as follows ; 

(a) Rats were anesthetized with urethan, 1.2 
Gra./Kg., intraperitoneally and the carotid blood 
pressures were recorded on a Sanborn Viso- 
Cardiette utilizing a Sanborn electromanometer. 

(b) Blood pressures of unanesthetized rats were 
determined via a photoelectric tensometer (Metro 
Industries) or by direct recording utilizing the 
method of Still, el al. (5). Direct blood pressures 
were obtained via a small length of polyethylene 
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tubing (PE-10, Clay .-\dams) permanently inserted 
into the abdominal aorta. 

Hypotensive Activity in Dogs. — Several of 
the compounds were further evaluated in nomio- 
tensive dogs to study the possibility of species 
variation. 

(a) Mongrel dogs were anesthetized with pento- 
barbital sodium. 35 ing./Kg., i. v., and the blood 
Iiressures were recorded via a femoral artery. 
Fresh solutions of the compounds were administered 
via a femoral vein. 

(b) The oral activity of JB-G43 and JB-G.54 was 
investigated in unanesthetized normotensive dogs. 
Mongrel flogs were anesthetized with 150 rag./Kg. of 
he.xobarbital sodium, i. v. An incision appro.x- 
imately 1 cm. in length ivas made through the skin 
just above and perpendicular to the femoral arterj'. 
.\ segment of the artery, approximately 4 cm. long, 
was carefully isolated and a sterile nasal oxygen 
catheter (Bardic 10) inserted into the lumen to an 
approximate depth so that it entered the abdominal 
aorta and was afiixcd b>’ a double ligature. The 
catheter had previously been cut to the proper 
length, filled with sterile heparin solution (1,000 
U. S. P. units per ml.), and the plastic adapter and 
cap, or B-D L/G09 adapter and 417A male plug, 
inserted. The catheter was sutured to the skin of 
the leg, the incision closed, and the entire leg 
wrapped with sterile gauze and then with an elastic 
bandage. Procaine penicillin G. 100,000 units, was 
administered intramuscularly into the opposite leg 
and the dog was permitted to recover for a minimum 
period of two days before being utilized. The 
dogs were immobilized by suspending them in a 
canvas sling from a suitable height. Direct blood 
pressures were obtained by connecting a sterile 
saline system to the nasal catheter and were re- 
corded via a Sanborn electromanometer or a 
mercury U-tube manometer. The compounds 
were administered in capsule form to dogs fasted for 
twenty-four hours. 

RESULTS AND DISCUSSION 

Hypotensive Activity in Rats. — The h 3 -potensive 
activity of the compounds, administered intraven- 
oush', is summarized in Table I. The most potent 
compounds investigated in this present series were 
JB-643 and JB-G54 (Fig. 2), two diquaternarized 
esters of the piperidinecarboxylic acid. This 
agrees with the results obtained in our laboratorj- 
with a similar series of compounds (1), in that the 
diquaternarized esters of piperidineearboxjdic acid, 
having the side chain containing two or three 
methj’lene units (CH;) attaclied to a quaternarized 
dimethylamino or morpholino group linked in the 
2-position of the piperidine moiety, were the most 
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608 3 NjcHsla I 

643 3 MonPHOLiNO X 

654 Z MORPHOLINO 8r 




55J (CH,),N 631 (e,H,l,N 

379 (CjHibN S89 MORPHOlINO 

SBO MORPHOlINO 632 PYRROLIDINO 

S85 PYRROIIDINO 



JB-549 


Fig. 1. — Structures of tlic compounds investigated 


active compounds. It appears that the replace- 
ment of the terminal dimethylamino group (JB- 
591) with a morpholino radical (JB-OSI) not only 
maintained but also increased the hypotensive 
activity. The “reversed” esters of N-methyl- 
piperidinecarboxylic acid derivatives, which were 
investigated, had the side chain linkage at the 3 or 4 
position. The most potent compounds were the 
morpholinoethyl (JB-642) and pyrrolidinoraethyl 
(JB-647) derivatives linked at the 3 position. 
These “reversed” esters were generally not as 
/' potent as the diquatemarized esters of piperidine- 
\ carboxylic acid previously reported (1). JB-579, 

\ 3 - (3 - diethylamino - 1 - propynyl) - X - mcthyl- 
\ piperidine was the most active compound of a 
series of d-dialkylaininoalkynyl-N-methylpiperidines 
and was approximately six times as potent as the 
dicthyIamino-2-butynyl derivative (JB-631). The 
following compounds, not listed in Table I, were 
found to be relatively inactive; N'-mcthyl-3- 
Piperidylmethyl N-methylnipecotate diltydro- 


chloride (JB-559), N-raethyl-3-piperidylmethy! N- 
methylnipecotate dimethobromide (JB-609), N- 
methyl - 3 - piperidyldimethylaminopropionate di- 
methobromide (JB-593), N-methyl-3-piperidyl di- 
methylaminoacetate dimethobromide (JB-606), 3- 
dimethylaminopropyl N-methylnipecotate bimale- 
ate (JB-648), and l,5-bis-(diethylamino)-3 pentyl 
l'-methy!nipecotate trimethobromide (JB-652). 

The administration of JB-654, 50 mg./Kg. 
(10 times the i. v. dose) by gastric intubation to 
anesthetized normotensive rats, produced a mean 
drop in blood pressure of 54% with a mean time to 
return to predrug level of one hundred and eighty 
minutes. Both the per cent drop and duration of 
action were slightly greater than that produced by 
5_mg./Kg., i. V, JB-654, 50 mg./Kg., administered 
via gastric intubation to unanesthetized rats 
produced a mean drop in blood pressure of 54% 
with a mean time to return to predrug levels of 
one hundred and seventy-two minutes. The 
maximum drop in blood pressure occurred between 
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Table I. — The Evaluation of Certain Diquaternarized Piperidine Derivatives on the Blood 

Pressure of Normotensive Rats" 






Drop in 

Mean Time to Return 


Compound 

Dose, 

No of 

niood Pressure, 

to Original Levels, 


JB- 

mg /Kg 

Rats 

/o ■ 

± s 

D. 

Min ± S. D. 

Rating^ 

608 

2 0 

6 

47 

7 


12 2 

69.3 dfc 

18.0 


643 

5 0 

4 

51 

9 

± 

11.9 

152 3 ± 

52.2 

++++ 

654 

5 0 

0 

42 

3 

± 

7.5 

1.56 0 db 

51 2 


592 

25 0 

4 

19 

0 


16 9 

5 4 db 

2.6 

+ 

607 

10 0 

4 

48 

8 

db 

2 2 

26 9 ± 

7 n 

■f 

647 

5 0 

8 

41 

9 

± 

12 6 

58 0 db 

19 1 

++ 

642 

5 0 

0 

44 

1 

± 

9 9 

.50.7 db 

17 5 

++ 

646 

10 0 

4 

32 

4 

± 

9 7 

2 0 db 

0 2 

4* 

641 

20 0 

4 

46 

1 

± 

0 8 

87 5 db 

19 2 

+-b+ 

549 

5 0 

4 

54 

4 

± 

10 7 

108 0 db 

25 3 

+++ 

552 

20 0 

4 

51 

5 

± 

20 1 

74 5 zh 

17 9 

4-+ 

579 

10 0 

4 

46 

9 

db 

3 8 

1.50 0 db 

48 5 


580 

10 0 

4 

48 

0 


6 7 

38 8 db 

15 4 

+ 

585 

10 0 

4 

40 

0 

± 

17 0 

18 S db 

7 9 

4- 

589 

10 0 

4 

51 

0 

db 

1 7 

42 5 db 

3 3 

++ 

631 

10 0 

5 

46 

5 

db 

9 2 

25 0 db 

8 7 

_L 

632 

10 0 

6 

45 

9 

db 

8 2 

18 7 db 

24 0 

-i- 

Hexamethonium 

5 0 

8 

46 

5 

db 

17 9 

30 0 db 

15 2 

4“ 

Pentolinium 

1 0 

11 

48 

7 

db 

18 6 

118 5 db 

40 3 

-i--k+ 

Chlorisondarnine 

0 5 

14 

44 

6 

± 

13 8 

141 2 db 

51 6 

+ -!- + + 


« Administered intravenously 

^Rating *+-, O-lO minutes’ duration, ++. *1 1 -80 minutes. + + +. 81-120 minutes, -f + ■+*+, 121 + minutes 



v(iri<4L IMCt* IfihMaS Oinar 1.1 


0 I) 


Fig. 2.— The effects of 5 mg /Kg. of JB-654, 
administered i. v., on the blood pressure of five 
normotensive albino rats 


Table 11 . — The Effects of Certain Hypotensive 
Agents on the Blood Pressure of Normotensive 
Dogs“ 


Compound 

Dose, 

No of 

Mean 

Drop 

in 

Blood 

Pressure, 

Time to 
Return 
to 

Original 

Levels, 

JB- 

mg./Kg. 

Dogs 

% 

Min. 

608 

1 0 

3 

32 

232-f 

608 

2.0 

1 

58 

510-1- 

643 

2.5 

1 

41 

246 

643 

5 0 

1 

27 

174 

654 

2.5 

1 

36 

142 

654 

5 0 

2 

39 

350 

654 

10.0 

1 

38 

352 

647 

2.5 

1 

34 

165 

647 

5.0 

2 

41 

185 

549 

2.5 

2 

57 

180 

549 

5.0 

2 

59 

750-1- 

552 

25.0 

4 

64 

398 

579 

10 0 

1 

56 

450 

580 

10 0 

1 

30 

120 

589 

1.0 

1 

53 

25 

589 

10 0 

1 

45 

143 



Fig. 3. — The effect of JB-G43 on the blood pressme 
of a normotensive unanesthetized dog. 


thirty and sixty minutes after the compound was 
administered. 

Hypotensive Effects in Dogs.— The hypotensive 
activity of certain diquaternarized piperidine 
derivatives administered intravenously is sum- 
marized in Table II. The most active compounds 
xvere JB-549. JB-608, JB-579, JB-552. JB-654, 
and JB-643. The results observed in dogs were 
similar to those observed in rats in that five of the 


six most active compounds were either 3-}- or 4-f\ 

1 \ 


in the rats evaluation studies. The only compound 
which demonstrated a significant difference in 
activity in the tw'o species was JB-608 which prod- 
uced marked hypotensive effects in four dogs but only 
elicited mild hypotensive responses in rats. Since 
JB-608 is the propyl analog of JB-591, a compound 
previously reported by Hudak, el al., to possess 
excellent hypotensive activity (1), it was anticipated 
that this compound would also be a potent hypo- 
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tensive drug and it is most probable that the 
results obtained in the dog may be more signifi- 
cant than the effects of the compound in the rat 

JB-643 and JB-654 produced marked hypotensive 
effects in unanesthetized dogs when administered 
via the oral route JB-043 (100 mg /Kg ) produced 
drops in blood pressure ranging between 34 and 
55% with a mean duration of action in excess of 
eleven hours (Fig 3) JB-654 (100 mg /Kg ) 

produced depressor responses between 31 and 34% 
with a duration of action in excess of nineteen 
hours Both compounds dilated the pupils and 
relaxed the nictitating membrane The effects of 
JB-643 on the nictitating membrane were still 
evident sixty hours after the administration of the 
compound The maximum hypotenive effects 
produced by both compounds occurred within 
forty minutes The results of the oral studies with 
JB-643 and JB-664 indicates that slightly more than 
10% of the compound is initially absorbed 

SUMMARY 

1. Twenty -two diquaternarized piperidine and 
related compounds were evaluated for their 
h 3 '-potensive activity 


2 3-Morpholinopropyl N-methylpipecolinate 
dimethiodide (JB-643), 2-morpholinoethyl N- 
methylpipecolinate dimethobromide (JB-654), 
d - (3 - diethylamino - 1 - propynyl) - N - methyl- 
piperidine dimethobromide (JB-579) were the 
most potent hypotensive compounds in this 
current series 

3 JB-G43 and JB-654 exhibited marked hypo- 
tensive effects when administered via the oral 
route to unanesthetized dogs. 

4 A method has been described by which 
direct, continuous blood pressure recordings can 
be obtained from unanesthetized dogs. 
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Studies on Vinca major L. (Apocynaceae) I* 

Isolation of Perivincine 

By N. R. FARNSWORTH, F. J. DRAUSf, R. W. SAGER, and J, A. BIANCULLI 


Perivincine has been isolated from the leaves and stems of Vinca major h. {Apocyna- 
ceae). The isolation and identification procedures are described, with the identity 
of perivincine being established by a mixed melting point with a known sample 
from Vinca minor. The optical rotation and pK determinations are reported for 
this alkaloid, and paper chromatograms were run with the R/ values determined. 
Preliminary screening of perivincine for hypotensive activity in anesthetized rats 
indicates that the alkaloid produces a rapid transient drop in carotid blood pres- 
sure. 


pLANTS OF THE GENUS Vhica have been in- 
vestigated extensively during the past few 
years with most of the studies being carried out 
in the search for new alkaloids with potential 
medicinal uses Recently' several investigators 
'' have reported that Vtnea species possess possible 
activity in the treatment of hvpertension (1). 


, * Received October 28 1959. from tlie Unirersity of 
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leukemia (2, 3), and cancer (3). We have been 
interested in the alkaloids of Vinca major as a 
potential source of new medicinal agents Seven 
alkaloids have been reported from Vhica major. 
They are reserpine (4), vincamajoridine (5), 
vincamajoreine (6), vincamajine (7), pubescine, 
vinine, and another crystalline alkaloid with a 
melting point of 194-195'’ (8).' Vinine has been 
reported to elicit a pronounced and prolonged 
blood pressure drop in experimental animals (8), 
whereas reserpinine has been shown to produce 


alkaloid with a melting point of 
''(KM fubesetns, which is 
considered identical to T inra major var major. 
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only a transient blood pressure drop (9) The 
total alkaloids of Vmca major have been shown 
by Quevauviller, ct al , to aet as ganghoplegics 
and sympatholyties but do not exert more than 
a transient drop m blood pressure (10) None of 
the remaining alkaloids isolated from this plant 
have been reported to produce anv biological 
activity 

In this paper we wish to report the isolation 
and properties of perivincme from Vmca major 
This alkaloid has previouslv been reported onlv 
from Vmca mmor (11) 

EXPERIMENTAL 

Extraction of Vinca major Leaves and Stems. — 
The air-dried ground leaves and stems of V major 
were packed in a large capacitv So\lilet-t\ pe 
extraction apparatus and extracted with a mixture 
of 20 volumes of 95% ethanol and 1 volume of 
100% methanol for twenty four hours, or until the 
leaves and stems were free of alk.aloids The 
percolate was allowed to cool and w.is filtered to 
remove a small amount of nonalkaloidal brown 
residue The mixed alcohol-soluble extract was 
concentrated at 55° under reduced pressure to 
10% of its original volume utilizing a continuous 
model flash evaporator - This concentrate was 
placed in a refrigerator at 5° overnight and .ag.am 
filtered to remove nonalkaloidal residue ’ 

Isolation of the Total Alkaloids. — One thousand 
grams of extract was treated with 2,000 ml of 5% 
acetic acid which produced a large amount of black 
resinous material The mixture was shaken for one 
hour in a refrigerated room at 5° and then extracted 
with four separate 500-nil portions of «-hexane at 
6° or until the «-hexane was no more than faint 
yellow’ in color The «-hcxane la vers were sep- 
arated, pooled, and the ji-hex'ane was removed by 
distillation The dark green residue, after drying 
to constant weight at G0°, represented 5 3% of the 
air-dned leaves and stems The H-hex.ane extract 
w as free of alkaloids 

The aqueous acidic extract was kept in a re- 
frigerated room at 5° for twenty -four hours and 
freed from a small amount of brown residue by- 
filtration This residue was free of alkaloids and 
was discarded The filtrate was concentrated at 
55° under reduced pressure to one-third the original 
volume utilizing a continuous model flash evapo- 
rator, then treated with 28% ammonium hydroxide 
at 5° to a pH of 10 with constant stirring, and the 
alkaloidal precipitate was removed by filtration 
The residue was washed with several portions of 
distilled water and dried at 60° for twenty-four 
hours The filtrate (filtrate A) which was positive 
for alkaloids w-as extracted w'lth chloroform 
The chloroform extract was dried with anhydrous 
sodium sulfate, filtered, and the chloroform was 
removed by distillation After drying under 


reduced pressure to constant weight it represented 
0 19% of the air-dried leaves and stems 

The alkaloidal residue as removed from the 
alkaline solution by filtration was very tarry. To 
further purify this material the residue was taken 
up in 400 ml of hot 5% acetic acid, filtered (filtrate 
B), and rcprccipitatcd with 28% ammonium hy- 
droxide The alkaloidal precipitate, after washing 
with distilled water and drying to constant weight, 
was converted from a black tarry mass to a gray 
powder which represented 0 12% of the air-dried 
leaves and stems The filtrate (filtrate C) was 
extracted .at room temperature with chloroform as 
described earlier to yield an additional 0 05% of 
material The total yield of crude alkaloid was 

0 30% 

Isolation and Properties of Perivincine. — The 
total alkaloids removed by filtration and by extrac- 
tion of filtrates A and C with chloroform were 
combined In a typical experiment, 22 Gin of the 
total alkaloids were placed in a suitable flask and 
refluxed with 200 ml of benzene for tvo hours 
The benzene solution was cooled to room tempera- 
ture, and the benzene-soluble material removed 
from the fl.isk This procedure was repeated with 
200-inl followed by 100-ml quantities of benzene, 
•ind the benzene extracts were combined and 
slowly added to 1,000 ml of petroleum ether (b p 
30-60°) with const.ant stirring A yellow- precipi- 
tate formed which turned dark brown on standing 
Petroleum ether was added until precipitation was 
complete The mixture was filtered and the filtrate 
was concentrated on a water bath to a volume of 
approximately 15 ml The concentrate was placed 
in a refrigerator at 5° for twenty-four hours, at 
which time sin.ill rosette crystals were embedded in 
a reddish oil Fifteen milliliters of absolute ether 
was added and the mixture was stirred until all of 
the oil and the cry-stals were dissolved The solu- 
tion was allowed to evaporate spontaneously in 
a dark place, during which time copious amounts of 
fine nccdle-like crystals began to form These were 
removed by filtration and washed with several 
portions of ice-cold absolute ethanol The crude 
perivincine crystals were dried, weighed, and found 
to represent from 1 6 to 1 8% of the total alkaloids 
Purification of the crude perivincine was effected by 
sex-eral recry-stallizations from hot 95% ethanol to a 
constant melting point 

Anal Calcd. for C-HisNiOi: C, 68 75; H, 7 35, 
N, 7 29 Found: C, 69 54, H, 7.42; N, 7 37 

The melting point of perivincine determined in a 
capillary tube (uncorrected), was 199 5-200° 
(decompn ) and there w-as no depression when 
mixed with an authentic specimen of perivincine 
isolated from Vtnea mmor ® 

Optical Rotation. — The optical rotation of peri- 
viucine was determined by measurement in a Zeiss- 
Winkel polarimeter with a sample tube length of 

1 15 cm The optical rotation for perivincine was 
found to be |a]°D = —61 ± 2° (pywidine, c = 
0 5) 


2 Flash evaporator, continuous model, Laboratory Glass 

and Instruments Corp .New York 31, N Y 

* A-n extract prepared m this manner as ^^ell as the lea\es 
rmd stems for the extraction were generously supplied by the 
S B Penick & Co , Inc , 100 Church Street, New York 8, 
N Y The extract as supplied ^^as calculated to be a 
44 89% (w/w) concentrate 


Microanaljsis of perivincine uas conducted by the 
Analytical Chemistry Section, Research Services of the 
IMellon Institute, 4400 Fifth A\ e , Pittsburgh 13, Pa 

5 An authentic specimen of peri\incine i\as obtained 
through the courtesy of Dr Nathan Rubin, Department of 
Chemistry, Philadelphia College of Pharmacy and Science, 
Philadelphia, Pa 
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pK Determination. — The pK of pciivincine was 
determined by polentiometrie titration of the 
alkaloids using 75%(v/v) dimethylfonnainide (East- 
man) as the solvent. A Beckman model G pH 
meter equipped with calomel and glass electrodes 
/ «as employed for the titration. From the titra- 
tion data the pKo of perivincine was calculated to 
be 8.20 

Ultraviolet and Infrared Spectra. — The ultra- 
violet absorption spectrum of perivincine was deter- 
mined at a concentration of 0 01 mg /ml in 95% 
ethanol using a Beckman ratio recording spectro- 
photometer model DK-2 In addition, the infrared 
absorption spectrum was determined in a Nujol 
mull, using a Beckman spectrophotometer model 
IR-4.® Both the ultraviolet and infrared data for 
the perivincine isolated in this study corresponded 
to the data recorded for perivincine isolated from 
Vinca minor by Scheindlin and Rubin (11) 

Screening of Perivincine for Hypotensive Ac- 
tivity. — Perivincine was screened for hypotensive 
activity in normotensive as well as in h 3 'pertensive 
rats Albino Wistar rats were made hypertensive 
by the standard procedure of unilateral nephrectomy 
one week after a figure-of-eight ligature was 
placed on the contralateral kidney The rats were 
fed a normal diet and administered 0 25 ml of a 
desoxycorticosterone trimethylacetate suspension^ 
(25 mg./ml ) subcutaneously once a week for ten 
weeks A 1% normal saline solution ;vas given in 
place of drinking water once weekly At the end 
of this period of time the rats were anesthetized 
with urethan and prepared for direct carotid blood 
pressure recordings according to the method de- 
scribed by Hudak, elal ( 12) * 

Perivincine was dissolved in Serpasil placebo 
solvent’ (7 5 mg /ml ) and the solution was slowly 
administered into a femoral vein Equivalent 
volumes of solvent were administered intrave- 
nously prior to the perivincine solution A slight 
transient lowering of blood pressure was noted 
Single doses of perivincine ranging from 5 to 20 
mg /Kg. were then administered to both normo- 
tensive as well as hypertensive rats 

In the rats studied, perivincine produced a rapid 
transient drop in blood pressure of from 27 to 
40% The return to normal was usually within 
twenty to thirtj' minutes This preliminary screen- 
ing of perivincine for hypotensive activity indicated 
that the alkaloid is not a potentialls' good hypo- 
tensive agent 

Paper Chromatography of Perivincine. — The 
method described by Korzun, ct al (13), for the 
paper chromatographic evaluation of Rauwolfia 
species was modified for the evaluation of Wnca 
major alkaloids In this method, formamide- 
saturated paper was used with a mobile phase 


/ 


* Grateful acknowledgment is made to Dr Hans Noli, 
Department of Microbiology, School of Medicine, Unitersity 
of Pittsburgh, for performing the infrared study of perivin- 
cine 

^ Generously supplied as Percorten Trimethylacetate intra- 
muscular repository by the Ciba Pharmaceutical Products 
Inc, Summit, N J 

• The authors wish to thank Mr Robert K Bicfcerton 
for his assistance in performing the hypotensive screening 

’ Generously supplied by the Ctba Pharmaceutical Prod 
nets Inc , Summit, N J 


consisting of equal parts of benzene and cyclo- 
hexane, saturated with formamide. Since for- 
mamide, as obtained commercially, was found to 
vary in pH from 10 to 11.7 it was necessary to 
standardize it in order to obtain reproducible 
results This was done bj' adjusting the formamide 
with formic acid to various pH levels It was 
found that the best resolution of alkaloidal spots 
was obtained at formamide pH values of 5 2 and 
SO 

Perivincine, dissolved in chloroform, and chroma- 
tographed according to this modified method of 
Korzun, ct al (13), exhibited Rf values of 0.08 
with formamide adjusted to a pH of 5 2 and Rf 
0 17 with formamide adjusted to a pH of 8 0 using a 
modified Dragendorff’s reagent (14) and long wave 
ultraviolet light to reveal the alkaloidal spots. 

The preliminary fractionation of the total alka- 
loids on alumina columns with subsequent paper 
chromatographic evaluation of each fraction in- 
dicates the presence of at least 37 alkaloids in this 
plant and the results strongly suggest the presence 
of tetrahydroalstonine, sarpagine, vincamine, and 
serpentine The exact procedure and experimental 
data for the chromatographic separation of the 
total alkaloids of Vtnea major will be published at a 
later date 


SUMMARY 

1 Perivincine has been isolated and identified 
from the leaves of Vinca major L. {Apocynaceae) 

2. Several analytical constants for this alka- 
loid have been verified and the optical rotation 
and pKa determinations have been established. 

3. The Rf value of perivincine has been re- 
ported in a modified chromatographic procedure 
at 2 pH values 

4 Preliminary screening of perivincine in 
anesthetized normotensive and hypertensive 
rats indicated a rapid, transient drop in blood 
pressure ranging from 27 to 40 per cent with a 
return to normal within twenty or thirtv minutes 
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A Kinetic Study of Glucose Degradation in Acid 

Solution 


By KENNETH R. HEIMLICHf and ALFRED N. MARTIN 


The degradation of glucose in acid solution was carried out at various temperatures. 
The first-order rate constants for the decomposition reaction, obtained from the 
initial rate of formation of 5-hydroxymethyifurfural (5HMF), were consistently 
higher than those calculated from glucose depletion measurements over long periods 
of time at temperatures above 100°. At 100° the rate of formation 
of 5-HMF increased with time_ for the early portion of the break-down. 
The rate constant did not coincide with the Arrhenius plot for higher 
temperatures. This indicates the possibility of a change of mechanism at lower 
temperatures. The rate data was fitted to kinetic expressions for first-order con- 
secutive reactions. Agreement between calculated and experimental values indi- 
cates that the reaction proceeds by the step-wise mechanism. Data obtained from 
degradation in varying acid concentrations show that the rate constant does not 
vary linearly with normality. Decomposition in dioxane-water mixtures indicates 
that the logarithm of the rate constant varies linearly with the reciprocal of the 

dielectric constant. 


A LARGE PORTION of the glucosc employed in 
^ the pharmaceutical industry is used for the 
preparation of intravenous solutions Upon 
storage these solutions develop a faint straw 
color, and this instability creates a problem when 
large quantities of the material are stockpiled 
for use in times of emergency Webb, cl al. (1), 
carried out a preliminary investigation on the 
degradation of glucosc as part of a project for 
the Armed Forces. The present study is a con- 
tinuation of this work with emphasis on the ki- 
netics of the decomposition 
The general scheme of glucose degradation in 
acid solution has been given by Wolfram, 
Schuetz, and Cavalieri (2). The decomposition 
involves the conversion of glucose to 5-hydro.xy- 
methylfurfural (abbreviated in this report as 
5-HMF) with the subsequent breakdown of this 
material to formic and lexmlinic acids and a 
colored material. It has been indicated by 
Scallet and Gardner (3) and Joslyn (4) that the 
color which develops is due to the polymerization 
of 5-HMF. Saeman (5) studied the breakdown 
under severe conditions of temperature and acid 
concentration and also in atmospheres of air, 
oxygen, and carbon dioxide; he found the deple- 
tion to be first order and not affected by the 
different atmospheres. 

Because of the slowness of glucose breakdown 
at temperatures of 100° and lower, many in- 
vestigators have used the formation of 5-HMF, 
which is determined spectrophotometrically, as a 
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criterion for the degradation. Singh, Cantor, 
and Dean (0) reported that the rate of formation 
of 5-lIMF was indicative of the amount of 
glucose decomposed. Webb (1) also used the 
formation of 5-HMF to stud}- the breakdown 
under varying conditions of catalysis, concen- 
tration of glucose, and temperature. 

In addition to the degradation to 5-HMF, 
glucosc may undergo a so-called reversion reac- 
tion. Many investigators ("-12) have sho'vn 
this reaction to be manifested as a reversible 
polymerization condensation to higher sac- 
cliarides and also the formation of anhydro 
sugars. It has been stated by Fetzer, el al. (9), 
that the literature on this process is extensive 
and confusing. Under conditions of low glucose 
and low acid concentrations the amount of 
products of Uiis reaction is small. 

EXPERIMENTAL 

Materials. — ilallinckrodt analytical reagent, an- 
hydrous glucose was used for all tests, and the solu- 
tions were prepared with deionized, distilled water. 
The 5-HMF was obtained from the Bios Labora- 
tories (17 W. 60th St., New York, N. Y.). It was 
purified by vacuum distillation at a reduced pres- 
sure of 2 mm. Hg. The dioxane used was Eastman’s 
analytical grade, and was purified according to the 
method given by Kraus and Vingee (13). All otlier 
chemicals used were of the highest purity available, 
usually analytical reagent or reagent grade. The 
decomposition of the solutions was carried out in 5- 
ml. Tuf-Top Neutraglas ampuls obtained from the 
Kimble Glass Co., Toledo, Ohio. 

Apparatus. — The constant temperature source was 
a Bayley model 118 bath (Bayley Instrument Co., 
Danville, Calif.). The bath has a stated precision 
of ±0.001°. The 5-HMF concentrations were 
determined on a Beckman DU spectrophotometer 
with the ultraviolet attachment. The solutions 
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were read in fused silica ceils The plf determina- 
tions were tnade on a Beckman model G pH meter 

Assay. — ^The degradation of the glucose solu- 
tions was followed either by the formation of 5- 
I HMF or the depletion of glucose, and in some cases 
both methods were employed on the same solution. 
The determination of 5-HMF was done spectro- 
photometrically The solutions were filtered to 
remove any insoluble humus material, diluted, and 
read against a glucose blank of the proper concen- 
tration at a wavelength of 284 mix The absorption 
readings were converted to moles per liter by the 
expression 

C ^ A X 6,298 X 10-> (Eq 1) 

where A is the absorbance of the solution This 
equation was obtained from the standard curve 
of a Beer plot 

The glucose was determined by an lodometric 
method first used by Romijn ( 14) and further tested 
by Cajori (16) The method consists of reacting 
the solutions with a measured excess of iodine and 
titrating the residual iodine with standard thio- 
sulfate solution. The equation for converting to 
the amount of glucose present is 

ffloles/liter of glucose = 

(R - S) X AT X 0 1 (Eq 2) 

where N is the normality of the thiosulfate solution, 
R is the milliliters of thiosulfate required to react 
with an iodine blank, and S the amount required 
to react with the sample The accuracy of the 
method was determined to be from 1 to 3% in the 
presence of decomposition products of the reaction 

RESULTS AND DISCUSSION 

The decomposition of 0 056 molar glucose solu- 
tions in 0 36 N hydrochloric acid was followed by 
glucose depletion and by 5-HMF formation from 
100 to 150° Plots of the logarithm of the amount 
of glucose remaining against time produced good 
linearity which indicates a first-order decomposi- 
tion The rate constants were calculated from 

k, = (2 303/i) log (Ao/A) (Eq 3) 

where A is the concentration of glucose in moles/liter 
at any time, t is the time in hours, Ac is the original 
concentration of glucose in moles/liter, and kt is the 
first-order rate constant having the unit of reciprocal 
time These values are given in Table I 


Table I — ^First-Order Rate Constants for 
Glucose Breakdown in 0 35 Hydrochloric 
Acid 


Temperature, 

Rate Constant, 


hr 

100 

0 0012 

110 

0 0040 

120 

0 0120 

130 

0 0267 

140 

0 0628 

150 

0 1693 


Under the conditions used in this study the in- 
duction t 3 ’pe curve for S-HMF formation reported 
by Webb, ci al (1). ivas evidenced only at 100° 



Fig. 1. — The formation of 5-hydroxymethylfurfural 
at 110° (curve 1) and at 100° (emve 2). 


The changing nature of the curve ivith time and 
temperature is shown in Fig 1. Rate constants 
based on 6-HMF formation were obtained from 
plots of this nature by calculating the initial slope, 
(dB/dt)i. These values were obtained by placing a 
mirror on the curve perpendicular to the plane of 
the paper and adjusting it until the image of the 
curve produced a smooth, continuous arc with the 
emve itself The slope of a line perpendicular to 
the mirror as read from the plot at zero time yielded 
the desired value Assuming that the formation of 
5-HMF is a measure of glucose depletion, and dis- 
regarding the possible consecutive steps of the reac- 
tion at this point (c/ Eq 6) the following expression 
may be written 

{dBldt\ ~ k,A (Eq. 4) 

where {dB/dt)t is the initial slope of the formation 
curve, kt is the first-order rale constant, and A is the 
concentration of glucose In order to obtain the 
rate constant the equation is rearranged to 

k, = {dB/dt),/A (Eq 5) 

The subscript < is used in the kt since the rate con- 
stant is based on the initial rate The values of kt 
from 100 to 140° are given in Table II 

A comparison of Tables I and II shows that the 
values of k> are consistently smaller than the values 
of kt except at 100° It is important to point out 


Table II. — Values of fe. Obtained from 5-HMF 
Formation for Glucose Breakdown in 0.35 N 
Hydrochloric Acid 


Temperature, 

°C 

kti hr. 

100 

0,0009 

no 

0,0054 

120 

0.0179 

130 

0.0330 

140 

0 1063 
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difference in llie rate constants obtained by (lie 
two different methods, .since glucose dcconiiiositioii 
studies in the literature have been based on one or 
the other of these criteria Some authors have 
calculated the rate constant from the breakdown at 
some arbitrary time rather than iuitiallj The 
present study shows that this procedure is unsatis- 
factory because of the changing slope of the .5-HMK 
curve Since the initial rate is the velocity of the 
reaction before any interference from products can 
occur, kt may be accepted as the more significant 
quantity The ki values, obtained from the inte- 
grated equation, are based on the degradation reac- 
tion over a long period of time Even though the 
reaction follows the integral order with respect to 
the method of integration it is possible that products 
of the reaction are interfering, giving ki values which 
are lower than the ki values based on the initial 
formation of the 5-HMF Laidler (IG) has also 
pointed to the possible discrepancy between these 
two rate constants and has recommended the use 
of ki for complex reactions such as involved in the 
present study 

The logarithm of the rate constants, ki and kt, were 
plotted against the reciprocal of the absolute tem- 
perature according to the Arrhenius equation and 
are shown in Fig 2 The activation energy calcu- 
lated from ki values was 318 Kcal /mole which 
compares favorably to that of 31 2 Kcal /mole ob- 
tained from ki values 

Application of the Rate Data to a Kinetic Expres- 
sion. — From the literature (2-4, 11, 17) and from 
our own observation, the degradation of glucose in 
acid solution may be represented by the scheme 


Glucose- 


iReversion Products 

I — *-Colorcd Material 


>— *5-HMF- 


' — ••Formic and Levu- 
linic Acids 


The reversion reaction is reversible, and at low 
glucose and acid concentrations the formation of 
reversion products is slight and may be neglected 
here. Due to the indefinite nature of the 5-HMF 
breakdown products, the expression for the degrada- 
tion of glucose may be written simply as 

^1 ki 

a b ^ c (Eq. 6) 

where a is glucose, b is 5-HMF, c is the breakdown 
products of 5-HMF, and ki and ki are the first-order 
rate constants. A consecutive reaction such as this 
was studied by Harcourt and Esson (18), and the 
mathematical expressions were derived by Esson 
(19). If Ao is the initial concentration of a, and 
A, B, and Care the concentrations of a, b, and c, re- 
spectively, at anj^ time, /, then 

Ao = A + B + C (Eq. 7) 

The rate of disappearance of a is given at any in- 
stant by 

-dA/dl = k,A (Eq. 8) 

which yields upon integration 

A = Aoe^'-'' (Eq. 9) 



Fig 2 — Temperature dependence of ki, the first- 
order rate constant based on glucose depletion 
(curve 1 ), and k„ the first-order rate constant based 
on the initial formation of 5-hydro.xj'methylfurfural 
(curve 2) 



CONCENTRATION of 5-HMF 
(mole /liter x lO^) 

Fig. 3. — The rate of formation of 5-hydroxy- 
meth 5 dfurfural versus the concentration of 5- 
hydroxyraethylfurfural at 110° (curve 1) and 120° 
(curve 2). 
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Fig. 4. — Temperature dependence of the experi- 
mental rate constant (curve 1) and the calculated 
rate constant (curve 2) for 5-hydroxymethylfurfural 
degradation. 


The rate at which the concentration of b increases is 
given by 

dB/dl = kiA - kiB (Eq. 10) 

which upon integration and substitution of A from 
Eq. 9 becomes 

B = _ fit.') (Eq. 11) 

«2 M 

The formation of c is given by the expression 

dC/dl = feS (Eq. 12) 

Upon integration and the substitution of B from 
Eq. 11 the following is obtained 

C = ^0 [1 + T—i-r - feie”''")] (Eq. 13) 

K) — ki 

The value of C may also be obtained from Eq. 7 by 
difference. 

The data can be fitted to the kinetic expression 
by calculating the values of ki by a graphical method 
employing Eq. 10. The left hand side of the equa- 
tion represents the rate at which 5-HMF is forming 
/ at any time, t. The values of dB/dl were obtained 
by taking tangents from the plot of B versus t using a 
mirror as described earlier. These values of dB/dt 
^ were plotted against B. The result expected is a 
straight line plot, the slope of which is — Fj and 
whose intercept is kiA, where k, is used instead of 
for the reason prerdously given. Plots of this 
nature for 110 and 120° are shown in Fig. 3. Good 
linearity' was found for the earlier portions of the 
breakdown in each case. The slopes of the plots 


Tabus III . — A Comparison of Calculated and 
Experimental Values of ki 


Temperature, 

fciHr.-i, 

kz Hr.-i, 

®C. 

Calcd, 

Exptl. 

100 

0.1875 

0.2434 

110 

0.4533 

0.5450 

120 

1.0500 

1.2100 

130 

1.8400 

2.4048 





CONCENTRATION of 5-HMF 
(mole / liter x tO*^ 1 

Fig. 5. — The rate of formation of 5-hydroxy- 
methylftu-fural vcrs7ts the concentration of 5- 
hydroxy'methylfurfural at 100°. Solid points show 
initial increase in rate at low concentrations. Extra- 
polation yields rate consistent with higher tempera- 
tures. 

were taken to obtain the values of Aj. A comparison 
of kz values calculated in this manner using Eq. 10, 
and kz values obtained experimentally from the 
degradation of pure 5-HMF in the same acid con- 
centration, is shown in Table III. The activation 
energies were obtained from the Arrhenius plots for 
each set of constants shown in Fig. 4. The activa- 
tion energy obtained from the calculated values 
of kz was 23.4 Kcal./mote while that from the ex- 
perimental values of kz was 22.7 Kcal./mole. 

A plot of dB/dt (the rate of formation of 5-HMF) 
versus B (the concentration of 5-HMF) at 100° is 
shown in Fig. 5. The first 3 points on the plot 
indicate the increasing value of dB/dl as depicted by 
the increase in the slope of the initial portion ' 
curve 2 in Fig. 1. The extrapolation of the 
portion of the curve in Fig. 5 to 5 = 0 yields a 
of itj/1 according to Eq. 10. The value obt 
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this difference in tlic rate constants obtained bv llic 
two different methods, since glucose dccoiniiositioii 
studies in the literature have been based on one or 
the other of these criteria Some authors have 
calculated the rate constant from the breakdown at 
some arbitrary time rather than initiallj The 
present study shows that this procedure is unsatis 
factory because of the changing slope of the 5-1 IMP 
curve Since the initial rate is the vclocitj of the 
reaction before any interference from products can 
occur, ki may be accepted as the more significant 
quantity The ki values, obtained from the inte- 
grated equation, are based on the degradation reac- 
tion over a long period of tune Even though the 
reaction follows the integral order with respect to 
the method of integration it is possible that products 
of the reaction are interfering, giving ki values w'liich 
are lower than the ki values based on the initial 
formation of the 5-HMF Laidler (IG) has also 
pointed to the possible discrepancy between these 
two rate constants and has recommended the use 
of ki for complex' reactions such as involved in the 
present study 

The logarithm of the rate constants, ki and ku were 
plotted against the reciprocal of the absolute tem- 
perature according to the Arrhenius equation and 
are shown m Fig 2 The activation energy calcu- 
lated from ki values was 318 Kcal /mole which 
compares favorablv to that of 31 2 Kcal /mole ob- 
tained from ki values 

Application of the Rate Data to a Kinetic Expres- 
sion. — From the literature (2-4, II, 17) and from 
our own observation, the degradation of glucose in 
acid solution may be represented by the scheme 


Glucose- 


iReversion Products 

I — ►Colored Material 


►5-HMF- 


' — ►Formic and Levu- 
Imic Acids 


The reversion reaction is reversible, and at low 
glucose and acid concentrations the formation of 
reversion products is slight and maj' be neglected 
here Due to the indefinite nature of the 5-HMF 
breakdown products, the expression for the degrada- 
tion of glucose may be written simply as 

ki k, 

a -* b —>■ c (Eq 6) 

where a is glucose, b is 5-HMF, c is the breakdown 
products of 5-HMF, and ki and ki are the first-order 
rate constants A consecutive reaction such as this 
was studied by Harcourt and Esson (18), and the 
mathematical expressions were derived b 3 ' Esson 
(19) If An is the initial concentration of a, and 
A, B, and C are the concentrations of a, b, and c, re- 
spectively, at anj’ time, t, then 

Ao ^ A + B + C (Eq. 7) 

The rate of disappearance of a is given at any in- 
stant by 

-dA/dt = k,A (Eq 8) 

which yields upon integration 

A = AoC~^‘' (Eq 9) 



Fig 2 — Temperature dependence of ki, the first- 
order rate constant based on glucose depletion 
(curve 1), and k„ the first-order rate constant based 
on the initial formation of 5-liydroxj'methylfurfural 
(curve 2) 



CONCENTRATION of 5-HMF 
(mole /liter x lO^) 

Fig 3 — The rate of formation of 5-hj'droxy- 
methylfurfural versus the concentration of 5- 
hj'droxj'methj'lfurfural at 110° (curve 1) and 120° 
(curve 2). 
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Fig. 4. — Temperature dependence of the experi- 
mental rate constant (curve 1) and the calculated 
rate constant (curve 2) for 5-hydroxymethylfurfural 
degradation. 


The rate at which the concentration of b increases is 
given by 

dB/dt = hA - hB (Eq. 10) 

which upon integration and substitution of A from 
Eq. 9 becomes 

B = . A<‘h _ e*n) (Eq. 11) 

n" ““ Kl 

The formation of c is given by the expression 

dC/dt = k:B (Eq. 12) 

Upon integration and the substitution of B from 
Eq. 11 the following is obtained 


Table III. — A Comparison of Calculated and 
Experimental Values of fe 


Temperature, 


kz Hr.-', 

’C. 

Calcd. 

Exptl. 

100 

0.1875 

0.2434 

110 

0.4533 

0.5450 

120 

1.0500 

1.2100 

130 

1.8400 

2.4048 


o 



CONCENTRATION of 5-HMF 
(mole / liter x lO'^ ) 

Fig. 5. — The rate of formation of 5-hydroxy- 
raethylfurfural versus the concentration of 5- 
hydroxymethylfurfural at 100°. Solid points show 
initial increase in rate at low concentrations. Extra- 
polation yields rate consistent with higher tempera- 
tures. 


C = do [1 -h (Ase-*-' - /5r,e-*<')] (Eq. 13) 

The value of C may also be obtained from Eq. 7 by 
difference. 

The data can be fitted to the kinetic expression 
by calculating the values of k« by a graphical method 
employing Eq. 10. The left hand side of the cqua- 
tion represents the rate at which 5-HMF is forming 
/ at any time, t. The values of dB/dt were obtained 
by taking tangents from the plot of B versus I using a 
( mirror as described earlier. These values of dB/dt 
\ were plotted against B. The result expected is a 
straight line plot, the slope of which is —k^ and 
whose intercept is ktA, %vhere fcj is used instead of 
for the reason prexdously given Plots of this 
nature for 110 and 120° are shown in Fig. 3. Good 
linearity was found for the earlier portions of the 
breakdown in each case. The slopes of the plots 


were taken to obtain the values of k^. A comparison 
of ki values calculated in this manner using Eq. 10, 
and kz values obtained experimentally from the 
degradation of pure 5-HMF in the same acid con- 
centration, is shown in Table HI. The activation 
energies were obtained from the Arrhenius plots for 
each set of constants shown in Fig. 4. The activa- 
tion energy obtained from the calculated values 
of ki was 23.4 Kcal./mole while that from the ex- 
perimental values of was 22.7 Kcal./mole. 

A plot of dB/dt (the rate of formation of 5-HMF) 
versus B (the concentration of 5-HMF) at 100° is 
Shown in Fig. 5. The first 3 points on the plot 
indicate the increasing value of dB/dt as depicted bv 
the increase in the slope of the initial portion of 
curve 2 in Fig. 1. The extrapolation of the linear 
portion of the curve m Fig. 5 to S = 0 vields a value 
of kuA. according to Eq. 10. The value obtained by 
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methylfurfural (curve 2), and glucose (curve 3), at 
various tunes at 110° 


this method for ki was 0 0016 hr as compared to 
0 0009 hr given in Table II The former value 
IS consistent with the Arrhenius plot for ki values 
at higher temperatures given in Fig 2 (curve 2) 
Since the later value is not consistent with the plot, 
the possibility exists that at 100° and below the 
formation of 5-HMF may proceed by a different 
mechanism It also points out dramatically the 
pitfalls one may encounter in stability testing when 
the Arrhenius plot is extrapolated from higher to 
lower temperatures The activation energy in this 
study (31 8 Kcal /mole) compares favorably to 
that found by Webb, et al (1), at lower tempera- 
tures (31 0 Kcal /mole) Thus, even though the 
activation energies for the different temperature 
ranges are similar, extrapolation of the plot from 
higher temperatures would yield higher rate con- 
stants than the actual values 

A further check on the kinetic expressions was 
obtained by employing the integrated Eqs 11 and 
13 Using ki as the assumed true rate constant 
for glucose breakdown and the calculated values of 
ki, it IS possible to calculate the amounts of 5-HMF 
and 5-HMF breakdown products present These 
values at 110° are represented by the curves in 
Fig 6 The points of these plots indicate the actual 
experimental values Agreement between the cal 
culated and experimental results lends support to 
the idea that the reaction proceeds by a stepwise 
mechanism represented by the simplified scheme of 



Fig 7 — -Variation of the rate constant (^i) for 
glucose degradation with tlie normalitt of hjdro 
chloric acid 



I'd X 


Fig 8 — Variation of the logarithm of the rate 
constant {k,) for glucose degradation with the 
reciprocal of the dielectnc constant 


Eq 6 The top diagram of Fig 6 is the important 
one for the breakdown of glucose solutions because 
it shows the rate of formation of the colored com 
pounds Some workers have used the rate of forma 
tion of 5-HMF (center diagram of Fig 6) as a meas 
ure of the rate of discoloration, but it can be seen 
here that the shape of the curves are not alike 
The 5-HMF formed from glucose is an intermediate 
m the production of colored compounds, and its 
rate of formation actually falls off as more colored 
material (humus) is formed 
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Influence of Acid on Glucose Breakdown. — 
Degradation of 0 116 molar glucose solutions was 
carried out in varying concentrations of hydro- 
chloric acid at a constant ionic strength and at 100° 
(The initial rate constant, ku was plotted against the 
normality in Fig 7, and it is seen that the relation- 
ship is not linear This makes the extrapolation to 
zero acid concentration to obtain the spontaneous 
rate somewhat inaccurate However, at the very 
low acid concentrations the curve does assume a 
nearly linear form, which was also reported by Webb, 
clal (1) 

Influence of the Dielectric Constant on the Rate 
Constant. — The degradation of 0 278 molar glucose 
solutions at a pH of 1 27 and a temperature of 
100° was carried out in dioxane-water mixtures 
The dielectric constants of the solutions were calcu- 
lated from data collected by Akerlof and Short (20) 
As a first approximation the dielectric constant of 
the solution was assumed to be that of the solvent 
A plot of the logarithm of the initial rate constant 
versus the reciprocal of the dielectric constant is 
shown in Fig 8 A straight line of positive slope 
IS evidenced, a result that is predicted by theory for a 
reaction between a positive ion and a dipole molecule 
(21) 

SUMMARY 

1. The degradation of glucose in acid solution 
was carried out at various temperatures It was 
found that the rate constants calculated from the 
measurement of 5-HMF formation were consist- 
ently higher than those calculated from glucose 
depletion. 

2 The rate data were fitted to a kinetic 
expression for first-order consecutive reactions 
Good agreement between calculated and experi- 
mental values indicated that the reaction, 
although no doubt more complicated, can be 
represented satisfactorily as proceeding by this 
simplified scheme. 

3 The rate constant at 100° was not consist- 
ent with the values found at higher tempera- 
tures. A possible change in mechanism is 
indicated at the lower temperatures 


4. The relationship between the rate constant 
and acid concentration was found not to be 
linear. 

5 Studies in solutions of varying dielectric 
strength indicate that the degradation involves 
a reaction between a positive ion and a dipole 
molecule 

6 The results of this study suggest that the 
discoloration of glucose solutions under the 
conditions employed (acid solutions at elevated 
temperatures) follows from the breakdown of 
glucose and proceeds through the intermediate 
formation and breakdown of 5-hydrox)nnethyl- 
furfural The rate constants obtained at ele- 
vated temperatures can not be extrapolated to 
obtain the rate of breakdown at room tempera- 
ture because of a possible difference in mech- 
anism 
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Theoretical Analysis of Diffusional Movement 
Through Heterogeneous Barriers* 

By W. I. HIGUCHI and TAKERU HIGUCHI 

A number of theoretical relations dealing with diffusion through heterogeneous 
barriers are presented and discussed. These are expected to be useful in predicting 
barrier behavior in formulations such as pharmaceutical and particularly protective 
ointments and films. A relationship has been derived which expresses the effective 
permeability constant, Pm, of a two phase mixture as a function of the volume frac- 
tion and the permeability of each phase. The effect of the shape of the particles on 
Pm is also considered. Where data are available, agreement with theory is satisfac- 
tory. The nonstationary state behavior of a two phase heterogeneous barrier is 
discussed in relation to the diffusion coefficient, partition coefficient, the volume 
fraction, and the particle size associated with each phase. It is shown that the 
effectiveness of one heterogeneous barrier may be greater than another for a given 
time of exposure while for a longer time of exposure the reverse may be the case. 
The effect of a "skin” or a coat of a third phase on the internal phase particle has 
also been examined. Finally, the situation in which simultaneous diffusion and ab- 
sorption occur is discussed and an expression for the lag time has been derived 

for this case. 


^ y 'he purpose of this study is to present some 
theories and relationships of pharmaceutical 
and pharmacological importance which deal 
with diffusional movement of chemical molecules 
tlirough heterogeneous systems where only volume 
molecular diffusion is important. Although ex- 
tensive experimental and theoretical studies (1) 
have been carried out on permeation of gases and 
vapors through various materials, these studies 
have been primarily restricted to plastic films. 
Diffusion in emulsions, suspensions, and powders 
has received relatively little attention. 

Since the phenomenon of diffusion in hetero- 
geneous materials is of great importance to 
workers in the fields of pharmacy and pharma- 
cology, it was thought of interest to prepare a 
rather detailed theoretical analysis of this very 
significant mode of mass transfer. As far as we 
know much of what is presented here is new, 
representing in part an extension of a report 
made to the U. S. Army Chemical Corps (2). 

In the majority of practical cases encountered 
in pharmaceutical and pharmacological areas the 
diffusion barrier is of heterogeneous rather than 
homogeneous nature. Thus the present subject 
is of importance in the following particular 
problems: {a) the design of protective ointments 
and films which can be employed against toxic 
and corrosive agents, (6) the study of drug re- 
lease from pharmaceutical ointments and orally 
administered barrier coated dosage forms, and 
(c) the study of the absorption of drugs through 
skin and other passive biological membranes. 

The aspect of this subject which was of par- 
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ticular interest to this laboratory was in con- 
nection with the understanding of the protective 
action of ointments (3), It is intended that the 
present report provide a clarification of the 
important variables rather than a rigorous 
mathematical treatment of this problem. The 
latter is impossibly difficult in many cases due 
to the complexity of the picture. It is assumed 
that the reader is familiar witli the fundamentals , 
of the diffusion problem. Material which is 
adequately covered by standard texts on diffusion 
such as those by Jost and Barrer (1), is not re- 
viewed here but is only referred to when needed. 
This applies primarily to the understanding of 
Pick’s law of diffusion and its application. 

In this report tlie discussion will be in two 
parts. The first section will deal with steady 
state diffusion while the second part will treat 
the nonstationary state aspects of diffusion. 
As it will be seen, the effectiveness of a hetero- 
geneous barrier predicted by a steady state 
analysis is not necessarily a measure of its time- 
dependent qualities. 


STEADY STATE DIFFUSION THROUGH 
EMULSION AND SUSPENSION BARRIERS 


For the discussion the diagram given in Fig. 1 will 
be followed. On the left side of the barrier of thick- 
ness h and cross sectional area of unity is a well 
stirred solution of the penetrating agent at a constant 
concentration C = C„, activity a = Oo (referred to 
the pure liquid agent as unity),* and activity coeffi- 
cient yo. On the right side of the barrier is the solu- 
tion of the agent a = as. It is assumed that h 


\ 

/ 


* Following the Hildebrand convention, we take activity 
_= 1 for the pure liquid (or supercooled liquid). Then Ko 
is equal to the ratio of the activ'ity coefficients. This conven- 
tion is preferable to any other for our purposes. 
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Fig 2 — A phase diRusion b-imer 


1 and that both Henrj ’s Iw and Pick's l.iw .irc 
obe^ ed throughout the barrier 
It the barrier is homogeneous and if in tlic b.imer 
the diffusion coefficient and tlie acti\it% coefilcicnt 
are D and 7 , respcctnelv, the rate of permeation 
for the case of similar solvents on both sides of the 


Figure 2 is a schematic illustration of the model 
to be used For simplicity, only the case of a ma- 
ture of two isotropic phases mil be treated, although 
the model may be easily extended to the general case 
of man 3 phases Also, it is assumed that the par- 
ticles of the internal phase are uniform in shape and 
size, immobile m the barrier, small compared to the 
thickness of the barrier, but large enough to be con- 
sidered phases The barrier, then, is composed of 
an external phase, 1, and an internal phase, 2 The 
respective agent activity coefficients and diffusion 
coefficients are 71 , 7 -, Di, and in the two phases 
The average, i e , the macroscopic, activity gradient 
of the agent in the barrier, the thickness of which is 
small compared to its volume, is of the magnitude 


r, o, — Oj, 

and IS directed m the x-direction The rate of 
steady state permeation is then 


P - (a» - aj.) = 

where D„ and 7 ^ are the effective diffusion coef- 
ficient and the effective activ itv coefficient of the 
penetrating agent with respect to the barrier 
Boundary’ layer diffusion will be neglected and it 
w ill be assumed that the rate of interphasc transport 
of the agent at the boundaries is rapid compared to 
volume diffusion 

In any macroscopic portion of the barrier one finds 
that the follow mg is true 


■PnFc 

7^^ 


= F.F. -h ^ 

7i 7- 


V.F. 
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barrier is 

^ y dx yh 


DKc{C, - q) 

k 

(Eq la) 


where Ka is the partition coefficient' of the agent for 
the til o media The product DKa mav be set equal 
to 


KA'a = P 


where P is the perraeabilitv constant for the sv stem 
For the more general case of the solvents diffcrmg 
on both sides of the barrier, the rate of permeation 
would be 


^ P„C„ + PkCs ,u\ 

P = — - (Eq lb) 

where P„ and P), refer to the two solv cuts 
General Case — The rigorous mathematics for 
the steady state diffusion problem for a barncr com 
posed of one or more phases randomly or otlierw ise 
distributed in another phase is not av ailablt nor is it 
readily derivable Following the analogous clcc- 
) trostalic problem (4-6) it is possible, however, to 
\ obtain approximate relationships between P„, the 
' effective permeabihtv constant of the barrier, and 
permeability constants and the volume fractions of 
the indiv idual phases In w hat follow s, expressions 
lor P„ {or random suspensions of spheres and spher- 
oids are deru ed follow mg the methoa of one of the 
authors (5) based on dielectric constent data of 
powders and suspensions 


P„F = PiKiF, -t-PjF.F, (Eq . 

where Fi and F are the average activ itv gradients 01 
the penetrant m phase 1 and phase 2, respectiv eh 
and Fi and F- arc the respective volume fractions 
of the two phisis \ectorially, Fi and F- are ai 
reeled in the sum direction as Fo, im m the r 
direction Eqii iln n 2 states that the rate of per 
mcation of the agent in the barrier 15 equal to the 
sum of the riles through the two phases \Uo bv 
definition, the follow mg is true 

r = 1 ,F, -h F-F lEo o 


It is worth while to eniiihasize at this pomt tnat 
in the dev clopmcnt of t\ie theorv it is the acUvatv 
rather than the concenlr ilion of the agent which i> 
the driving force or the potential for diffuMon it is 
the activity gradient rather than the concentration 
gradient which is the field V solute will diffi.se 
from a region of low concenlr ilioii to i region of hig” 
concentration if the activ itv 1 f the solute is le-.s i" 
the high concentration region 
Internal Phase Consisting of Random Spheres. 

If the internal phase is comp i--vd of a ■-v'-te’m v't 
randomly’ distributed uniform is >Uopic 'pUeiC' me 
if It IS assumed that each splien m pi ned m 1 p'ra! 

lei and uniform activitv gradient / ttun iceordmc 
to the solution of LaPl.icc’s icptai'ii with tic 
proper boundary conditions ( 6 ) 


F 


( 


■w.. .) / 

2F, + Pj 
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Theoretical Analysis of DiiBFusional Movement 
Through Heterogeneous Barriers* 

By W. I. HIGUCHI and TAKERU HIGUCHI 


A number of theoretical relations dealing with diffusion through heterogeneous 
barriers are presented and discussed. These are expected to be useful in predicting 
barrier behavior in formulations such as pharmaceutical and particularly protective 
ointments and films. A relationship has been derived which expresses the effective 
permeability constant, Pn, of a two phase mixture as a function of the volume frac- 
tion and the permeability of each phase. The effect of the shape of the particles on 
Pm is also considered. Where data are available, agreement with theory is satisfac- 
tory. The nonstationary state behavior of a two phase heterogeneous barrier is 
discussed in relation to the diffusion coefficient, partition coefficient, the volume 
fraction, and the particle size associated with each phase. It is shown that the 
effectiveness of one heterogeneous barrier may be greater than another for a given 
time of exposure while for a longer time of exposure the reverse may be the case. 
The effect of a "skin" or a coat of a third phase on the internal phase particle has 
also been examined. Finally, the situation in which simultaneous diffusion and ab- 
sorption occur is discussed and an expression for the lag time has been derived 

for this case. 


^ I *HE PURPOSE of this study is to present some 
theories and relationships of pharmaceutical 
and pharmacological importance which deal 
with diffusional movement of chemical molecules 
through heterogeneous systems where only volume 
molecular diffusion is important. Although ex- 
tensive experimental and theoretical studies (1) 
have been carried out on permeation of gases and 
vapors through various materials, these studies 
have been primarily restricted to plastic films. 
Diffusion in emulsions, suspensions, and powders 
has received relatively little attention. 

Since the phenomenon of diffusion in hetero- 
geneous materials is of great importance to 
workers in the fields of pharmacy and pharma- 
cology, it was thought of interest to prepare a 
rather detailed theoretical analysis of this very 
significant mode of mass transfer. As far as we 
know much of what is presented here is new, 
representing in part an extension of a report 
made to the U. S. Army Chemical Corps (2). 

In the majority of practical cases encountered 
in pharmaceutical and pharmacological areas the 
diffusion barrier is of heterogeneous rather than 
homogeneous nature. Thus the present subject 
is of importance in the following particular 
problems: (a) the design of protective ointments 
and films which can be employed against toxic 
and corrosive agents, (b) the study of drug re- 
lease from pharmaceutical ointments and orally 
administered barrier coated dosage forms, and 
(c) the study of the absorption of drugs tlmough 
skin and other passive biological membranes. 

The aspect of this subject which was of par- 

* Received December 11, 1959, from the University of 
Wisconsin, School of Pharmacy, Madison G. 

This work was supported by the Directorate of Aledical 
Research, Chemical Warfare Laboratories, Army Chemical 
Center, Md., under Contract DA 18-108-CML-5753. 


ticular interest to this laboratory was in con- 
nection with the understanding of the protective 
action of ointments (3). It is intended that the 
present report provide a clarification of the 
important variables rather than a rigorous 
mathematical treatment of this problem. The 
latter is impossibly difficult in many cases due 
to the complexity of the picture. It is assumed 
that the reader is familiar with the fundamentals 
of the diffusion problem. Material which is 
adequately covered by standard texts on diffusion 
such as those by Jost and Barrer (1), is not re- 
viewed here but is only referred to when needed. 
This applies primaril}- to the understanding of 
Kick’s law of diffusion and its application. 

In this report the discussion will be in two 
parts. The first section will deal with steady 
state diffusion while the second part vdll treat 
the nonstationar}’' state aspects of diffusion. 
As it will be seen, the effectiveness of a hetero- 
geneous barrier predicted by a stead}’’ state 
analysis is not necessarily a measure of its time- 
dependent qualities. 

STEADY STATE DIFFUSION THROUGH 

emulsion and suspension barriers 

For the discussion the diagram given in Fig. 1 will 
be followed. On the left side of the barrier of thick- 
ness h and cross sectional area of unity is a well 
stirred solution of the penetrating agent at a constant 
concentration C = C. activity a = ao (referred to 
the pure liquid agent as unit}’),' and activity coeffi- 
cient 7 o- On the right side of the barrier is the solu- 
tion of the agent a = Gj. It is assumed that h 


* Following the Hildebrand convention, we take activity 
= 1 for the pure liquid (or supercooled liquid). Then Ka 
is equal to the ratio of the acti/ity coefficients. This conven- 
tion is preferable to any other for our purposes. 
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Fig. 2. — A two-phase diffusion barrier. 


1 and that both Henry’s law and Pick’s law arc 
obeyed throughout the barrier. 

If the barrier is homogeneous and if in the barrier 
the diffusion coefficient and the activity coefficient 
are D and 7 , respectively, the rate of permeation 
for the case of similar solvents on both sides of the 
barrier is 

p =, ^To(C - Ch) ^ DKo(C, - Ca) 

” 7 dx 7/1 h 

(Eq. la) 

where Ka is the partition coefficient' of the agent for 
the two media. The product DKa may be set equal 
to 

DKa = P 

where F is the permeability constant for the system 
For the more general case of the solvents differing 
on both sides of the barrier, the fate of permeation 
would be 


P = 


PgCo -h P^C^ 

h 


(Eq. lb) 


where P„ and Ph refer to the two solvents 
General Case. — The rigorous mathematics for 
the steady state diffusion problem for a barrier com- 
posed of one or more phases randomly or otherwise 
distributed in another phase is not avaiiabie nor is it 
readily derivable. Following the analogous elec- 
trostatic problem (4-6) it is possible, howe' er, to 
\ obtain approximate relationships between Pm, the 
effective permeability constant of the barrier, and 
permeability constants and the volume fractions of 
the individual phases. In what follows, expressions 
for P „ for random suspensions of spheres and spher- 
oids are derived following the method of one of the 
authors (5) based on dielectric constant data of 
powders and suspensions. 


Figure 2 is a schematic .illustration of the model 
to be used. For simplicity, only the case of a mix- 
ture of two isotropic phases will be treated, although 
the model may be easily extended to the general case 
of many phases. Also, it is assumed that the par- 
ticles of the internal phase are uniform in shape and 
size, immobile in the barrier, small compared to the 
thickness of the barrier, but large enough to be con- 
sidered phases. The barrier, then, is composed of 
an external phase, 1, and an internal phase, 2. The 
respective agent activity coefficients and diffusion 
coefficients are 71 , 73 , Di. and D- in the two phases. 
The average, i. e., the macroscopic, activity gradient 
of the agent in the barrier, the thickness of which is 
small compared to its volume, is of the magnitude 

and is directed in the x-direction. The rate of 
steady state permeation is then 

p - 7^ (o„ - Oj,) = P„Fa 

’Yfft 

where Dm and 7 m are the effective diffusion coef- 
ficient and the effective activity coefficient of the 
penetrating agent with respect to the barrier. 
Boundary layer diffusion will be neglected and it 
will be assumed that the rate of interphase transport 
, of the agent at the boundaries is rapid compared to 
volume diffusion. 

In any macroscopic portion of the barrier one finds 
that the following is true; 

EytEs. =, A VjFi -f F3F3 

7m 71 7! 


or 


PmF = PiV.Fi + P 3 F 3 F 3 (Eq. 2) 

where Ft and Fs are the average activity gradients of 
the penetrant in phase 1 and phase 2 , respectively, 
and Ki and Vt are the respective volume fractions 
of the two phases I'ectorially, Ft and F^ are di- 
rected in the same direction as Fa, vis. in the x- 
direction. Equation 2 states that the rate of per- 
meation of tile agent in the barrier is equal to the 
sum of the rates through the two phases. Also by 
definition, the following is true; 

Fa - VtFt -f VttF, (Eq. 3) 

It is worth while to emphasize at this point that 
in the development of the theory it is the activity 
rather than the concentration of the agent which is 
the driving force or the potential for diffusion ; it is 
tlie activity gradient rather than the concentration 
gradient which is the field. A solute will diffuse 
from a region of low concentration to a region of high 
concentration if the activity of the solute is Jess in 
the high concentration region. 

Internal Phase Consisting of Random Spheres. — 
If the internal phase is composed of a system of 
randomly distributed uniform isotropic spheres and 
if it is assumed that each sphere is placed in a paral- 
lel and uniform activity gradient. Ft, then according 
to the solution of Laplace’s equation with the 
proper boundary conditions (5) 

"" (2?, + Fj) 
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However, Eq. 4 is true for a suspension only when 
P 2 /P 1 is near unity or when P 2 is near zero. A 
more accurate approach is to assume that the par- 
ticle is placed in an activity gradient 


P,' = Pi -t- AP, (Eq. 5) 

where APi is the contribution due to the interaction 
of the neighboring particles with the particle in 
question. The meaning of APi may be presented 
in the following manner : a particle, say 1 , reacts to 
the field Pi' = Pi + APi and creates a perturbation 
field of its own. The neighboring particles react to 
this perturbation and create the excess field A "i at 
i. It was shown (5) that APi has approximately 
the form 


APi 


a=A"P,' 

a' 


(Eq. 0) 


for spheres where d is the particle radius and 


a = 




Then the more accurate expression for Pj is given by 


r 1 

1 

L2P, + Pj 

, r./Pl-PlV- 

L \2P, 4- Pj J 


(Eq. 7) 

The quantity K involves the distribution function 
for random spheres and is a function of lA. It is 
independent of Pi or Pj if, in the derivation of Eq. 
6, the terms in a higher than o’ could be neglected. 
Then, if Eqs. 7, 3, and 2 arc solved for Pm 


randomly distributed and randomly oriented 
spheroids. 

The first step is to evaluate APi, given by Eq. 6. 
As information is lacking, it will be assumed that 
the translational distribution function for randomly . 
distributed ellipsoids is the same as that for a system 
of spheres with the same V:. 

The perturbation potential outside an ellipsoid 
oriented with its a-semiaxis in the direction of a uni- 
form and parallel field P/ is (7) 


<j> = 


1 

o 


dbc 1 

CPi - PA 

'J 

r,- 

^ ds 

1 p. } 

(s + 5’) R. 

.to 1 

+ 

(Pi - PA 

j 

P” ds 

^ P. ) 

K (s + a‘)R,. 


(Eq. 9) 


where P/ is directed along the x-axis 

R. = [(s -f a’)(5 + 6’)(s 

and b and C are the other two semiaxes. 

If the ellipsoid is oriented with a different axis 
parallel to the field, an expression identical to Eq. 9 
is obtained except that the appropriate semiaxis 
value is exchanged for d in Eq. 9. 

At distances large compared to the largest semi- 
a.xis the perturbation potential becomes (8) 


dbc (Pi — Pi) 


2P, + dbc(P, - Pi) 


/. 


ds 


o (5® + s)R$. 


A-'. 


where r is the distance to the point in question from 
the center of the ellipsoid. 


Pm = 

2P.’(1 - Vi) -t- PiP,(l -f 2 Vi) - 
¥ 1(2 + Vi) + Fid - Vi) - 

(Eq. 8) 

Had Eq. 4 been used instead of Eq. 7, the same ex- 
pression would have resulted, but with A = 0, 
viz., an expression analogous to the Maxwcll- 
Rayleigh-Lorentz-Clausius-Mosotti equations (6). 

Physically the difference between Eqs. 4 and 7 
may be summarized as follows : Eq. 4 assumes that 
the induced activity gradient. Pi, of the internal 
phase particle in question is due wholly to the per- 
turbation caused by the particle in question to the 
field. Pi. Recall, however, that Pi is the result of 
the presence of all the other internal phase particles 
as well as the presence of the external phase. On the 
other hand, Eq. 7 assumes that the induced activity 
gradient, Pc, of the particle in question must also 
include the effect of the modification of Pi due to the 
response of nearby internal phase particles to the 
“initial” response of the particle in question to Pi. 
This latter is analogous to an induced-induced- 
induced effect in electrostatics. 

Internal Phase Consisting of Random Spheroids. 
— In order to be able to estimate the effects of shape 
of the particles, the same treatment is carried out for 


This may be n-ritten 



where 


dbc (Pi — Pi) 




ds 


(d- s) PjJ 


If the ellipsoid is randomly oriented with respect to 
the field Pi 'with equal probability of orientations in 
all directions 


a = g dbc(Pi — Pi) 


r I + __i + 

LPi + (Pi - Pi)Aa ^ Pi + (P2 - P,)Ab 


where 


A,i = g dbc J'^ 

and for spheroids 


ds 


(d- + s) R, 


/ 


1 


AB — Ac — 2 (1 — A 5 ) 


Equation 10 for a is only strictly valid at large r. 
However it is expected to be approximately^ correct 
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for not too large r When d = 6 = C, Eq 10 re 
duces to the a expression for the sphere, vtz 


a 


r (p, - Pi) 1 

L(2P. + P,)J 




The expression for APi is then (5, 6) 


a^K 


APi = 


1 


_ 

(dbsy 


Pi 


(Eq 11) 


The expression for Po for randomly oriented ellip 
soids in a uniform and parallel held P/ is (9) 

F2=\ Pl'Pl 

r -i + 1 + 

LPi + (Pa - Pi)Ai ^ P, + (Pa - Pi)^i, ^ 


Pi + (Pi - Pi)i4^. 


or 


Pa = 5 P.Pi 


1 - 


(abcy_ 

1 


[k 


1 


+ (Pa - Pi)Aa 


+ 


7 + 


Pi + (Pa - Pi)i46 ^ Pi + (P 


°a - P.)i4 J 
(Eq 12) 

Noiv if Eqs 2, 3, and 12 are solved for Pm with 
o 7^ 6 = C, I e , for spheroids, 


Pm = 


Pi El + PaPaP 
El + EjP 


(Eq 13) 


where 

‘■f 


1 - 




(dbsyj 

[pi + (Pa - Pi)Aa pT 


+ (Pa 




and 


a = g abe (Pa - Pi) 


[pi + (Pa - Pi)Aa Pi + (Pa - Pi)i46= J 

For spheroids the expressions for i4a and AZ = Ac 
1 Z 


are simple (10) j4a = 


1 - Z2 (1 - Z=)= 


, cos Z 


tor a < 5 = t and Z = a/b, Aa = ~ 2 ,- — 1 
Z 

1^7- ^ In [Z + (Z= — 1)*'“] for d > b = e and 

Z = d/b In Table I some values for As and Ab = 
Ai are given 

Comparison of Theoretical Predictions With Ex- 
perimental Data. — Unfortunately, diffusion data 
O' er a w ide range of Po and Pi do not appear to be 
a'ailable in the literature However, the anahsis 
(5) of dielectric constant data for pow ders and sus- 
pensions over a wide range demonstrated that 


Table 1 — Calculated Values of A for 
Spheroids 


z 

•Aa 

= Ac 

10 

0 020 

0 490 

5 

0 059 

0 471 

2 

0 173 

0 413 

0 5 

0 531 

0 235 

0 2 

0 750 

0 125 

0 1 

0 860 

0 070 

0 01 

0 984 

0 008 


Eq 8 'Vith K = 0 78 is a satisfactory repre- 
sentation of the effective dielectric constant of a two 
phase mixture in which the particle shapes of the 
internal phase are not too different from spherical 
As the mathematics for steady state dielectric polari- 
zation and for steady state one component diffusion 
are identical as long as saturation effects and inter- 
facial effects are negligible, the conclusions regarding 
one problem should apply to the other 

Although, according to the theory, K was ex 
pected to be a function of E;, fortuitous circum 
stances (5) made necessary a choice of only a single 
value of K used with Eq 8 to permit the expression 
to be applicable over a wide range of P 2 , Pi, and 
Vi The value of 0 78 for K was expected to absorb 
asphencity effects arising from actual particle shape 
irregularities and from particle particle contacts in 
the system The K for true spheres accordingly 
was expected to be smaller than 0 78 

Most of the available diffusion data for hetero 
geneous systems in the literature apply only to the 
extreme case of P; = 0, 1 e , zero permeabilit' for 
the internal phase In Fig 3 the selected data of 
Carman (11) for P« = 0 are plotted The quantity 
q plotted abainst Ei, the porositj, is defined as g = 
VlPlIPm 

The data included experiments on electrical con- 
duction as well as diffusion Also given in Fig 3 
are curves predicted by available theoretical formu- 
las for mixtures Curve A is the Maxw ell Clausius 
Mosotti formula for a suspension of spheres or Eq 
8 with K = 0 Curve B is Eq 8 w ith AT = 0 78 
Curve C is Bruggeman’s formula for random 
spheres (4), viz 



which, when Fs = 0, becomes Pm = PiEp'* 
Curves D and E are plots of Eq 13 with AC = 0 78 
for spheroids w ith axial ratios Z = 2 0 and Z = 0 5, 
respectively Equation 13 must be regarded as 
one which can give only a rough prediction of the 
effects of shape since both the Eq 12 for a 
and the idea that the same K for spheres may be 
used for spheroids are approximate It is expected 
to be useful when Z is not too different from unity 
Although the scatter in the data is large, the data 
for spheres (circles in Fig 3) appear to be localized 
in one area A K value somew hat smaller than 0 78 
used with Eq 8 w ill give satisfactorx agreement w ith 
the data for spheres This is in agreement w ith the 
idea (5) that iC = 0 78 does absorb an asphericitv 
factor The experimental lower limit for K ap 
pears to be somewhat near 0 4 to 0 5 with these 
data The data for s\ stems inv ol\ ing random non- 
spherical particles alwa>s gi'e higher q values ■’ 
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Fig 3 — Plot of the tortuositj , q, against Vi 
The curves A, B, C, D and E refer to thcon (see 
text ) O Are experimental values for random spheres 
(uniform or a combimtion of large and small 
spheres) + Are experiments uith random particles 
(sand, glass ponder, carborundum ponder, kaolin, 
soil, etc ) 


those for spheres This is in accord nith Eq 13 
Much of the data for random nonspherical particles 
can be explained b) use of Eq 13 and a Z \aluc 
not too different from uniU 

Bruggernan’s formula (Eq 14 ) for spheres predicts 
too large q at Ion K, (or large V«) for these data At 
large Vi, however, all formulas predict nearlj the 
same g It is impossible to generalize on the merits 
of the different formulas on the basis of these data 
alone More systematic experimental nork on dif- 
fusion IS desirable over a range of and Pt m order 
to establish the general applicability of ant of these 
formulas 

It is evident that the uncertainty in calculating 
Pm nith any formula for an arbitrarv system of 
nonspherical particles immersed in a continuous 
medium is quite large Examination of Eq 13 re 
veals that shape effects are not too important per 
centagewise in the calculation of Pm when P’/Pi is 
near unity When, honever, P^IPi 1 or yyhen 
P 2 /P 1 ^ li shape effects appreciably' influence P„ 
Particularly' when P«/P\ — Pm becomes verv 
sensitive to the particle shape Then random uni 
form spheroids with Z = 2 0 or 0 5 may easily give 
rise to Pm values tthicli may be twice as great as 
those for uniform spheres with the same V 2 

The choice of /v = 0 78 employed with Eq 8 was 
based on (5) Pearce’s selected dielectric data (12) 
which were mostly in the range of 0 80 > Fi > 0 2 
Since It IS well known that Eq 8 with K = 0 is a 
good approximation as V- — *■ 0, a AT value much 
smaller than 0 78 would perhaps give better agree 


ineiit at F 2 < 0 1 Particularly for emulsions at Ion 
concentrations, in which the shape of the internal 
phase droplet is spherical and particle particle con 
tacts are few , a K much smaller than 0 78 may be 
more appropriate This suggests the use of AT = 
0 78 as an upper limit for a suspension of spheres at 
K 2 < 0 1 Actually at small V 2 values, Pm is gener 
ally not influenced too greatly by the choice of K 
anyway Therefore Af = 0 78 used with Eq 8 ap 
pears to provide a useful formula oyer all F> 


NONSTATIONARY STATE DIFFUSION 
THROUGH HETEROGENEOUS BARRIERS 


General Concepts. — In the preceding discussions, 
the attention yyas directed only to diffusional proc 
esses occurring under quasi equilibrium conditions 
such that the amount of the diffusing substance 
necessary' to change the concentration in the bamer 
are of greater importance than the rate of penetra 
tion subsequent to the initial breakthrough Thus 
the time it takes for water to penetrate tlirougli our 
shoes is of greater importance than the rate of pene 
tration after the barriers liaxe been wetted through 
Although in most instances barriers which permit 
more rapid permeation under steady state conditions 
also allow more rapid permeation under nonsteady 
state situations, this is not always true In this 
section the time lag for true diffusion in heterogene 
ous sy stems is discussed 

Taking the general problem as that illustrated in 
Fig 1 one may lyrite for a one dimensional homo 
gencous barrier obeying Pick’s layy and Henri’s 
layy 


bt 



(Eq 15) 


yyhere C is the concentration of the diffusing agent 
yiith a diffusion coefficient D m the system, r is the 
coordinate, and I is time The particular problem 
boundary conditions are C = Co at a < 0 and ail 
t, C 0 at y > /; and all t, and C = 0 at a > 0 and 
at / =0, and it is assumed that equilibrium exists 
at a = 0 betw een the barrier material and the out 
side phase 

The solution for this homogeneous case yields 
(13, 14) for the amount of material, M, penetrating 
the barrier per unit area per unit time 


Jil = KaPCpl _j_ 2hKaCo 


« = 1 


[1 _ exp (Eq 16 ) 


Here Ka is the equilibrium partition coefficient of the 
agent in the tivo media defined as 


A'. = 

concentration of agent in barrier phase (0 < x < li) 
concentration in the outside phase (v < 0) 

In Fig 4 IS slioivu a plot of MjKaCo against Pi 
when li = 0 1 cm When Dt is sufficiently large the 
system has attained steady' state The intercept of 
the extrapolation of the steady' state (linear) portion 
of the cury'e gives the w ell known lag time of Barrer 
(14) 


(Eq 17) 


t = X = hy&D 
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Fig. 4. — Barrier penetration with time. 


which is a measure of the period required for the ab- 
sorption of the agent by the barrier concomitant 
with the diffusion of the agent through the barrier. 
In protective film design this quantity is obviously 
important since it is roughly the measure of the 
"•time lapse necessary before the no.xious agent 
begins to make its presence at x > h. 

It would be desirable to be able to use equations 
similar to Eqs. 16 and 17 for heterogeneous barriers. 
It appears that a proper choice of an effective dif- 
fusion coefficient, Dm, and an effective partition 
coefficient, Km for the polyphase material sliould be 
sufficient to give an expression corresponding to Eq. 
16. 

Emulsion and Suspension Barriers— -All Phases 
Obeying Pick's and Henry’s Laws. — Consider the 
two phase problem in which the time dependent 
behavior of the agent in the barrier is completely 
defined by the diffusion coefficients, the partition 
coefficients, and the volume fractions corresponding 
to the two phases. A rigorous solution analogous 
to Eq. 16 appears to be impossible to obtain, but 
Valid approximate solutions under certain conditions 
are possible. 

At sufficiently large times, i. e., in the steady 
state, the effective permeability constant, Fm, may 
be given by an appropriate steady state mixture 
formula, e. g,, Eqs. 8, 13. or 14; and the effective 
partition coefficient is given by K„ = KiVi -f- AT; Es- 
The effective diffusion coefficient for steady state is 
/then 

/ 

) Dm^Pm^Km 

\ It is now important to establish the criterion for 
ibe approximate validity of these effective steady 
state quantities in nonstationary state problems. 
Essentially, the cause of the difference between tlie 
effective steady state diffusion coefficient and the 
effective nonstation.-iry state diffusion coefficient is 
that the average paths for the diffusing molecules 


may be different in the two cases. However if it 
can be shown that within a microscopic region of 
heterogeneity the nonstationary state diffusion pic- 
ture is essentially that of the steady state, the ef- 
fective permeability constants should be essentially 
the same in the two cases. This would be true if 
the relaxation time, i. e., the time for steady state 
attainment in the microscopic heterogeneous region 
is small compared to the time required for a unit 
change in concentration or activity of the agent in 
that region. 

The smallest heterogeneous volume is that which 
would just include one particle of the internal phase 
and the corresponding volume of the external phase. 
If the rate determining step in the relaxation process 
is the diffusion into the internal phase particle, then 
the microscopic relaxation time is approximately 
(15) 


r ~ dVl6£>j (Eq. 18) 

where a is the equivalent sphere radius of the par- 
ticle. If the rate determining step is diffusion in the 
external phase, then the order of magnitude of t is 


2Kma'- (Vr 
K,D, VE! 



(Eq. 19) 


The larger of Eqs. 18 or 19 would be a measure of 
the microscopic relaxation time in the heterogeneous 
medium. The smaller this is, the more "homogene- 
ous” the medium appears with respect to diffusion, 
i. e., the more valid is the concept of the effective 
diffusion coefficient for use in nonstationary state 
problems. 

The quantity t must now be compared with 
{At/AC)r, the time required for a unit change in 
concentration. For this purpose it is convenient to 
use the solution to the one dimensional barrier prob- 
lem (14) when the dimension k is infinite. In the 
early part of the diffusion through a membrane of 
finite thickness, the situation is well approximated 
by the solution for the infinite case. Furthermore, 
since it is clear that for any value of x, i>C/bt will 
be greatest during the early stages of diffusion, it 
suffices to compare the relative magnitudes of t and 
(AJ/AC), for the infinite barrier problem at small 
values of t. 

The solution to the infinite barrier problem (14) is 


r 2 (Omhvs -I 

C = KmCc [1 - ;:i;i exp (-y=)<iyj 

for which 

ac ^ KmC,x 

bt 2(-,rDm)^‘F'^ \4Dmt) 

The criterion for the applicability of the steady 
slate permeability constant to nonstationary prob- 
lems is then that 

1_ 

’■ bC/bl 

or that the ratio 


R = 


rKmC„x 



»1 


(Eq. 20) 


for the range 0 <x < h and t > 0. 

^f Eq. 20 is fulfilled for a suspension or an emulsion 
sj-stem, a curve identical to that in Fig. 4 should be 
obtained unless Henry’s law or Pick’s lair are not 
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obeyed for the individual phases If Eq 20 is not 
fulfilled, the MIKmCo values for the barrier will al- 
ways be greater than those given in Fig 4, hence the 
barrier would be less effective as a protectant In 
this case it would be extremely difficult to obtain an 
expression for M since the problem involves essen 
tially an effective permeability constant which is 
both time and concentration dependent 

A close examination of Eqs 18, 19, and 20 will 
show that particle size for the internal phase usu 
ally limits the fulfillment of Eq 20 only for systems 
for which Di Di and is of practical importance 
when Di Di and Ki > Ki, m which case the 
internal phase particle may not be able to absorb 
rapidly enough the agent which w ill be diffusing pre 
dominantlj in the external phase 

In Fig 5 are given plots of M against time for 
barriers whose internal phases are spheres or near 
spheres with /i = 0 1 cm , Co — 10 moles cm ~ 
1 atmosphere, Ki = 10“*, and Di — 10 cm * 
sec In these calculations with Eq 16 it is as 
sumed that Eq 20 is obeyed and that Eq 8 with K 
= 0 78 IS applicable Curie A is the case where 
K» = 0, 1 e . the homogeneous barrier, curie B is 
Vi = 0 3, Do = 0. and = 0, i e , a nonabsorbiiig 
suspension curve C is Fj = 0 3, Ko = 10*A'i, Do = 
Di, 1 e , an absorbing emulsion , and curve D is 
Vo = 0 3, Ki = lO’ATi, and Di = 10“*Z)i, i e , an 
absorbing solid or semisolid suspension 



In terms of the effectiveness of protection case D 
IS by far the best over all I, and case C is superior to 
cases A and B at low t values but is less effective for 
very large times Case B is always somewhat better 
than case A In terms of quantitative apphcabilitj 
curve C is the most approximate since, as stated m 
the section on “Steady State Diffusion,” the uncer 
tamty in Eq 8 is quite large when Po/Pi — ► «> Ex 
ammation of both Bruggeman’s formula (Eq 14) and 
Eq 8 with isT = 0 78 reveals that a maximum in pro 
tection, 1 e , the maximum in time lag, for the emul 
sion type barrier with Ki ivi and Pi/Pi — ► <*> lies 
m the region of 0 3 > F 2 > 0 2 Much larger or 
much smaller Vi values always lead to smaller lag 
times and therefore less protection 

It IS noteworthy that for small values of I , an emul 
sion of the type corresponding to curve C may give 


several orders of magnitude greater protection tha 
an unfilled barrier, curve A Therefore, for shot 
term protection an emulsion type may most adf 
quately serve the needs of a situation 

A particularly interesting extension of the preced 
ing discussion results if one considers “coating” th 
particles or droplets of the internal phase with 
third phase Then Eq 8 may still be applicable 1 
Pi in the formula is replaced b> (16, 17) 

P = + -P.)(g + TY - 2(P„ - P.)an 

' L(2P, -b P.)(o -f P)* -h (P„ - P.)a*J 

(Eq 21 


where P„ = KoDo is the permeabiht> of the oul 
side phase (coat material), P, = KyD, is the pei 
meabilit> of the inside material, d = radius of th 
inside sphere, and P = thickness of the shell 

In real suspensions or emulsions one may esser 
tially have a third phase “coat" or shell at th 
boundary of the two mam phases as a result of (0 
adsorption lajers of foreign material, (b) reactio 
(oxidation) at the interface resulting in a "skin, 
or (C) a boundar% lajer with markedl> differen 
properties from eitlier the bulk external or the bul 
internal phases In protective barrier formulatio 
there is the possibiht\ of actualh “coating” on 
third phase la\ er to decrease the steadj state pei 
meabilitj while maintaining the time dependen 
qualities of the barrier It can be shown from Eqs 
21, 8, and 16 that a third phase coating of low per 
meabihtj on emulsion droplets of high Ko maj im 
pro\ e barrier effectiv eness, for example, from tha 
gu en by cur\ e C m Fig 5 to better than that repre 
sented by cur\ e D 

Suspensions and Emulsions Not Obeymg Fick’s 0 
Henry’s Law. — ^The situation when the individui 
phases deviate from Fick’s law or Henrj ’s law is e; 
ceedmglv complicated and generally not tractabl 
There are, how ever, certain instances of great prai 
tical importance w ith respect to barrier design whic 
may be handled m an approximate fashion 

Consider the sxstem m which the internal phase 
composed of particles which maj adsorb molecuh 
of the diffusing agent at its surface according t 
Langmuir’s expression (18) 


1^. 

1 + AiC 


(Eq 2! 


where m is the amount of adsorbate per unit mass 1 
adsorbent, C is the equilibrium concentration of tl 
adsorbate, and ki and ko are the usual constants 
the internal phase material should be characterize 
b}’’ a high ki, then m ~ ki Assume that the rate 1 
adsorption is rapid compared to volume diffusioi 
1 e , the condition analogous to Eq 20 is fulfilk 
for this situation 

For such a svstem, the concentration gradient ' 
the penetrating agent w ould approximate that show 
m Fig 6 For the idealized case where essential 
all of the agent entering into the s\ stem is found : 
the filler phase, the gradient xvill be strictly linear 

It IS evident that the total amount of materi- 
which has entered such a barrier is the sum of tl 
material in the external phase and that taken up b 
the filler Since the average concentration of tl 
free penetrant up to the point of maximum penetra 
tion IS ('/i)KiViCo, where Co is the concentration 
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Fig. 6. — Concentration profiles in an ideal ad- 
sorption filler barrier at a time t\ and at a subsequent 
time h. 


of the penetrant in the stirred solution (Fig. 1 with 
Ch = 0) in equilibrium with the surface layer of the 
barrier. The total amount in the external phase is 
(^/ 2 )iCjFiC(,K, where k is the depth of penetration. 

The amount taken up by the filler up to this point 
is Ax where A is the amount of penetrant adsorbed 
by the filler per unit volume of the barrier material. 
The amount of penetrant, dW, necessary to effect 
an additional penetration, dx, would then be 

d\V = {^h)K^VxCcdx + A dx 

But, 

- n - n 
dl dx ” K 


Therefore 

Pm KxVxa 


. = (V=)iC.F.C.|+.4|- 

which in integral form is 

ViKiD„Co dt = X dx[{}/i)Ki\\C„ + A] 
Therefore the lag time is 


^ + 


h^-A 


4D„ 2D„KiF,C„ 


(Eq. 23a) 




;iM 

2P„C« 


(Eq. 23b) 


Pn is given by Eq. S with Ps = 0 for spherical par 
tides or by Eq. 13 for spheroidal particles. Thi 
quantitj’ A may be replaced by d ~ C /k«, where C 
is the concentration of the filler (internal) phase anc 
k« is one of the constants in Langmuir’s Eq. 22. 

In the extreme case where none of the penetrant ii 
adsorbed the assumed linear gradient will, of course 
not hold; yet it is of some interest to note that ever 
nr this instance Eq. 23 predicts a lag time value o 
which is not too markedly different from tin 
true theoretical value of h-/6D„ from Eq. 17, 


Equation 23, it is apparent, also applies to situa- 
tions where the filler phase reacts chemically to 
immobilize or destroy the penetrating agent. This 
is a very common situation whose behavior the de- 
rived relationship will predict quite accurately, par- 
ticularly it the reacting component is uniformly' dis- 
tributed either as fine particles or as solute. Indeed 
the same equation in a slightly different form can 
predict the rate of release of dispersed drug crystals, 
for example from ointment bases. It evidently has 
broad general applicability'. 


GLOSSARY OF SYMBOLS 


A 

a = 

Oo, ah = 

a = 

S. 3 = 

C 

Co, Ch ~ 

Cs 

D 

Du Di = 
Dm = 

Di, Do = 
Ft, Ft = 

Fo 

Fi*, AFi *= 
h 
K 
Ka 

Kt, Kt = 


Km 


Ki, Ko 
ki, kt =* 
L 


m = 

tt « 

P 

P 

Pu Pi = 


Po, Ph = 


Pi, Po = 
Pm 


« = 

r =: 

s = 

t = 

T 

Vu Vs = 

W 

X = 

Z 

y = 

7*. 7* = 

70, yh = 

7m = 

X = 

T = 


amount of agent taken up by filler per unit vol- 
ume of barrier material 
See Eq. 10 
activity of agent 

activities of agent in solutions to the left of bar- 
rier and to the right of barrier, respectively 
radius of sphere or a semiaxis of an ellipsoid 
other semiaxes of an ellipsoid 
concentration of agent 

concentrations of agent in solutions to the left and 
right of barrier, respectively 
concentration of filler in barrier 
diffusion constant of agent 

diffusion constants of agent in phases 1 and 2. 
respectively 

effective diffusion constant of agent in heterogene- 
ous barrier 

diffusion constants, see Eq. 21 
activity gradients of agent in phases 1 and 2. re- 
spectively 

average activity gradient of agent in heterogene- 
ous barrier 
see Eq. 6 

thickness of barrier 
A coefficient in Eq. 8 
partition coefficient of agent, see Eq. la 
partition coefficients of agent in the solution to 
the left of barrier and phases 1 and 2, respec- 
tively 

effective partition coefficient of agent in the heter- 
ogeneous phase and the solution to the left of 
barrier 
see Eq. 21 
see Eq. 22 
see Eq. 13 

amount of agent having penetrated through bar- 
rier 

see Eq. 22 
an integer 
rate of permeation 

permeability constant of system for agent 
permeability constants for agent in phases 1 and 
2^ respectively (referred to solution left of bar- 
rier) 

permeability constants for the agent in barrier 
referred to the solutions to the left and the 
right of barrier, respectively 
permeability constants, see Eq. 21 
effective permeability constant of agent in hetero- 
geneous barrier referred to solution to the left 
of barrier 
tortuosity 
radial coordinate 
a variable 
time 

thickness of coat 

volume fractions of phases 1 and 2. respectively 

amount of agent adsorbed by barrier 

a coordinate 

axial ratio for spheroid 

activity coefficient of agent 

activity coefficients for agent in phases 1 and 2, 
respectively 

activity coefficients for the agent in solutions to 
the left and right of the barrier, respectively 
effective activity coefficient of agent in hetero- 
geneous barrier 
lag time 
telaxation time 
perturbation potential 
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Determination of Basic a-Epoxides* 

By J. B. LEARY 


A common disadvantage of methods for determining basic epoxides or epoxides 
in the presence of a base is the necessity for determining a blank correction. A 
fast, direct method based on reaction with a standard solution of sodium thiosulfate 
is presented. The excess sodium thiosulfate is titrated with standard iodine solu- 
tion. No blank correction is necessary. The stoichiometry of the reaction, the 
effect of temperature on the rate of reaction, precision, and other factors are de- 
scribed. 


’he use of certain epoxides as tumor inhib- 
itors was first reported by Hendry, ct al. (1, 
2) . The therapeutic acti vi ly of basic bis-epoxides 
in murine leukemia and other transplantable 
mouse neoplasms has been demonstrated by 
Johnson and Wright (3). The effects of epoxy- 
propyl piperazine derivatives on transplanted 
mouse leukemia spectra have been described (4). 
Clinical studies of 1 ,4-bis(2,3-epoxypropyl)pi- 
perazme and other poly-functional alkylating 
agents has been reported (5). Gerzon, el al., 
have studied the relationship between structure 
and antileukemic activity of some diamine bis- 
epoxides (6). These studies resulted in the 
necessity for an accurate and reproducible method 
for determining basic epoxides. 

All of the epoxides studies were water soluble 
and were to be administered parenterally. This 
necessitated the use of a method of determination 
which could be used on dilute aqueous solutions. 
Jungnickel, et al. (7), have thoroughly reviewed 
the many methods for determining the a-epoxy 
group and have set forth a list of recommended 
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mclliods after consideration of the physical 
characteristics of the epoxide to be determined 
and the physical form of the sample. The recom- 
mendations for dilute aqueous solutions of a- 
epoxides include the method by Ross (S) based on 
esterification by thiosulfate as follows: 

— CH— CH— -f NatvSoO, -f H.O — 

\ / 

O 

— CH— CH— -f- NaOH 

I I 

OH SnOjNa 

The method tends to be tedious since con- 
tinuous titration of the liberated base with acetic 
acid is required to prevent hydrolysis of the 
thiosulfate derivative. Results obtained by this 
method in this laboratory on certain epoxides 
tended to be inaccurate (low) and were difficult 
to reproduce. A similar method based on the 
reaction between a-epoxides and sodium sulfite 
with subsequent liberation and titration of so- 
dium hydroxide with hydrochloric acid was re- 
ported by Kireev (9) and Swan (10) for deter- 
mining various other a-epoxides. A common 
disadvantage of the above mentioned methods 
is the necessity for determining a blank correction 
for basic epoxy compounds. Ross has mentioned 
that satisfactory results were obtained on more 
reactive compounds by carrying out the thio- 
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sulfate reaction in the presence of excess acetic 
acid. In tlie case of less reactive compounds, 
prolonged heating resulted in tlie deeomposition 
of tliiosulfate and deposition of sulfur. A rapid 
and precise method based on reaction with thio- 
sulfate in the presence of excess acetic acid fol- 
lowed b}' titration of excess thiosulfate with 
iodine is herein described. 

EXPERIMENTAL 

Temperature. — Although the Ross method re- 
quired reflux temperature conditions, the rate of 
reaction at lower temperatures was not reported. 
Since lower temperatures would be more con- 
venient, an investigation of temperature conditions 
was carried out. The effect of temperature on 
the rate of reaction of sodium thiosulfate with N,N'- 
bis(2,3-epo.\'}'propyl)piperazine is shown in Table 
1 . 


Table I. — The Effect of Temperature on the 
Rate of Reaction of Sodium Thiosulfate with 
N,N'-bis(2,3-Epoxvpropvl)piperazine 


Tem- 


Epoxide 

perature, 

Time of 

Consumed, 

°C. 

Reaction 

% 

25 

5 min. 

55,3 


55 min. 

88.8 


110 min. 

93.8 


IS hr. 

96.5 

70 

5 min. 

95.7 


10 min. 

98.0 


15 min. 

99.4 


Thus it is shown that at 70° complete reaction is 
obtained in fifteen minutes. All of the epoxides 
studied proved to react corapletel}' under these 
conditions. 

Stoichiometry. — Under certain conditions the re- 
action between epo.xides and sodium thiosulfate is 
quantitative, but little is known about the stoichiom- 
etry of the reaction. To answer this question an 
e-vperiment was designed to determine the required 
excess thiosulfate to obtain quantitative results. 
Holding the epo.vide sample size constant, various 
amounts of thiosulfate were added. 


Table II. — Effect of Excess Thiosulfate on 
Epoxide Reaction 


Meq. 

NaiSjOs/Meq. 

Epoxide, 

Epoxide 

% 

1.2 

93.8 

1.5 

95.3 

1.8 

96.8 

2.0 

97.8 

2.2 

98.0 

2.5 

98.0 


The results, shown in Table II, indicate the 
necessity of at least a onefold e.xcess of thiosulfate 
over epoxide. In other words, for every milli- 
equivalent of epo.vide in a sample, two milliequiv- 
alents of sodium thiosulfate should be added for 
complete reaction and quantitative results. 


Acetic Acid Excess. — Another factor to be con- 
sidered u-as the amount of acetic acid necessary in 
the reaction mixture. Theoretically equivalent 
amounts of acetic acid and epoxide are necessary to 
prevent hydrolysis of the epo.vide by the sodium 
hydroxide produced by the primary reaction. How- 
ever, the possibility remains that the reaction would 
not go to completion unless an excess of acetic acid 
was present. Holding the sample weight and 
sodium thiosulfate volume constant, various 
amounts of acetic acid were added. The results 
shown in Table HI indicate the necessity of a 25% 
excess of acetic acid in the reaction mixture. 


Table III. — Excess of Acetic Acid in Epoxide 
Reaction 


Meq, Acetic 
Acid/Mcq. 

Epoxide, 

Epoxide 

% 

0.94 

91.2 

1.00 

95,3 

1.06 

96.3 

1.20 

98.3 

1.25 

99.4 

1.40 

99.4 


Table IV lists the results obtained on different 
basic epo-vides prepared at the Lilly Research 
Laboratories by Gerzon, el al. (6). 

It was noted that the purity of different lots of 
some of these compounds was consistently high, 
whereas the purity of different lots of other com- 
pounds was consistently low (see Table V). To 
help explain whether this phenomenon is due to a 
discrepancy in the method of determination or to 
the presence of polymeric material the conditions 
for optimum results were reinvestigated for com- 
pound VII. The results indicated that optimum 
conditions were the same for compounds I and VII. 

Reproducibility. — ^Ten replicate determinations 
were made on a sample of compound I, and the 
standard deviation was found to be 1.3%. 

Reagents. — Iodine . — A 0.1 A'^ solution is prepared 
and standardized by the recommended U. S. P. XV 
method. Sodium thiosulfate . — A 0.1 N solution is 
prepared and standardized versus standard iodine 
solution before each series of determinations. 
Starch T.S. Acetic acid . — A 0.250 N solution is 
prepared by diluting 7.1 ml. of glacial acetic acid to 
500 ml. with distilled water and adjusting the 
normality to e.vactly 0.250. 

METHOD 

Transfer an accurately weighed sample or aliquot 
of an aqueous solution equivalent to appro.vimately 
1,0 meq. of epoxide to a 50-mI. Erlenmeyer flask 
containing 5.0 ml. of 0.25 N acetic acid. Add 25.0 
ml. of standard 0.1 iV sodium thiosulfate. After 
mixing, place the flask in a 70° temperature bath 
for fifteen minutes. Cool the solution quickly in 
an ice bath and immediately titrate with standard 
0.1 iV iodine using starch T. S. as an indicator. 
Calculate the amount of sodium thiosulfate con- 
sumed. and from this determine the amount of 
epoxide in the sample. 
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CHz— CH— CH2— N< 

\o/ 

CHj 


II CH2— C— CHo— N 

^ 0 / 


III CH2— CH— CHj— N 

trans 



; N— CHi— CH— CHz 

\o/ 

CH, 

I 

N— CHi— C CH2 


N— CH2— CH— CM; 

\ ^0/ 

CH, 


99.8% 


100 % 


100% 


IV 

V 

VI 

VII 

VIII 


CHs— CH— CHr-N< 



>-(CH2)r- 


;N— CH,— CH— CH- 

^0/ 


OC >N— CH,— CH— CH. 

\o/ 

CH,— CH— CH,— N— (CH,).— N— CH.— CH— CH, 
\0^ i I Xq/ 

^ CH, CH, ^ 


CH,— CH— CH,— N 

CH,— CH— CH;— N 



N— CH,— CH— CH, 


N— CH-— CH— CH, 


89.0% 

99.5% 
96 5% 

91 0% 

85 0% 


Table V — Range of Results on Various Lots 
OF Compounds I and VII 


■Compound I . Compound VII . 


Lot 

Epoxide 

% 

Lot 

EpOMde, 

% 

1 

100 

1 

91 2 

2 

100 

2 

91.0 

3 

99 9 

3 

89 7 

4 

99 8 

4 

89 5 

5 

99 4 

5 

89 1 

6 

98 0 

6 

89 0 

7 

98 0 

7 

88 0 

8 

97 8 

8 

87 9 

9 

96 5 

9 

87 6 

10 

96 4 

10 

87 5 


SUMMARY 


A method for determination of basic epoxides 
has been described which is based on reaction 
with thiosulfate and iodimetric measurement of 


the excess thiosulfate. Experimental conditions 
for quantitative results have been investigated 
The method has been found to be accurate and 
reproducible. 


REFERENCES 


(1) Rose, F L , Hendry, J A , and Walpole, A L , 
Nalnre, 165, 993(1950) 

(2) Hendry, J A , Homer, R J , Rose, F L , and Wal 

pole, A L , Brit J Pharmacol , 6, 235(1951) . 

(3) Johnson, I S , and Wnght. H F , “Abstract ol 
Papers Se\enth International Cancer Congress,” 1958, p 


*80 , ^ 

(4) KraLoff, J H , Burchenal, J H , Holmberg, b , 
Wiegand, L , and Hemphill, S , tbid , p 185 

(5) Krakoff, J H. Miller, D G, Karnofsky, D A, 
Burchenal, J H , Diamond, H D , and Craver, L F , tota , 
P 204 

(6) Gerzon, K , Cochran, J E , Jr , White, L A , 

ban, R , Krumkalns, E K , Scroggs, R E , and Mills, j . 
J Med and Pharm Chem , 1, 223(1959) 

(7) Jungnickel, J L. , Peters, E D , Polgdr A > 

F T , “Organic Analysis,” Vol 1, Interscience Publishers 
Inc , New York, N Y , 1953, pp 127-154 

(8) Ross, W C J ,J Chem Soc . IP59, 2257 

(9) Kireev, V A , and Popov, A A , J APP^ Chem 
H S S R , 7, 489(1934) 

(10) S^^an, J D , Anal Chem , 26, 878(1954) 


The Action of Ethyl Carbamate on 
Oxidative Phosphorylation* 

> By KWAN-HUA LEE 


Ethyl carbamate inhibits a-ketoglu^ate oxida- 
tion and phosphorylation proportionately, but 
does not aJEFect succinate oxidadon or its coupled 
phosphoryladon in rat liver mitochondrial prep- 
arations. Oxidative phosphorylation uncou- 
pling effect is not a general mechanism of action 
of narcodcs. 

T heories have been proposed for the mode of 
action of narcotics including general anes- 
thetics, hypnotics, and analgesics, yet none is 
universally accepted (1). The lack of a pro- 
nounced inhibition of oxygen consumption by 
the barbiturates in therapeutic concentrations 
suggested the possibility that these drugs may 
exert their effect by an uncoupling of oxidative 
phosphorylation. Brody and Bain (2) found 
that most of the few barbiturates they studied 
showed inhibition of both respiration and phos- 
phate uptake in rat brain and liver mitochondrial 
preparations. The inhibition of phosphate up- 
take was greater than the inhibition of respiration 
-and thus the P/0 was decreased as drug concen- 
trations were increased. However, their re- 
sults were not in agreement with those obtained 
by Eiler and McEwen (3) in an earlier study on 
the effect of pentobarbital on oxidative phos- 
phorylation in a rat-brain homogenate prepara- 
tion. Later, Brody and Bain (4) explained that 
the “phosphorylation uncoupling effect” of 
barbiturates can only be demonstrated in isotonic 
sucrose mitochondrial preparations but not in 
water or saline homogenate preparations. Re- 
cently, Low, el al. (5), reported that amobarbital 
at a concentration of 1.8 X 10~® M blocks com- 
pletely those mitochondrial oxidations which 
proceed via pyridine nucleotides but do not affect 
the oxidation of succinate nor the associated 
phosphate uptake. 

In this paper, the results of the studies on the 
effect of urethane (ethyl carbamate), a represen- 
tative of another class of hypnotics, on oxidative 
phosphorylation in rat liver mitochondrial 
preparations are reported. We selected a- 
■ ketoglutarate and succinate as two representative 
\substrates with different oxidative pathways. 
It was found that when a-ketoglutarate was used 
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as the substrate, urethane inhibited respiration 
and phosphorylation proportionatety even at a 
higher concentration of drug (0.3 if) where 
respiration was reduced to only one-half of the 
control. WTien succinate was used as the sub- 
strate. the respiration and phosphate uptake 
were slightly inhibited at lower concentrations 
of urethane (0.05-0.1 M) and the inhibitions 
were not further increased as the concentration 
of urethane was increased. MTien imethane 
concentration was greater than 0.3 ilf, there 
was a sharp fall of P/0 regardless of the sub- 
strate used. These results are discussed in the 
text. 

METHODS AND MATERIALS 

Preparation of Mitochondria. — Ten grams of liver 
were quickly excised from decapitated albino rats 
and immediately minced in an ice-chilled glass 
mortar and then ground into a paste. Four volumes 
of 0.32 M sucrose solution were introduced into the 
paste with gentle stirring. This suspension was 
then transferred into a Dounce homogenizer (6), 
chilled in an ice bath, and homogenized with eight 
passes of the “loosely fitted” plunger. The homog- 
enate was then diluted ■with an equal volume of a 
0.25 M sucrose solution and then centrifuged in a 
Sorvall refrigerated centrifuge at 700 X g for ten 
minutes. The supernatant was collected and cen- 
trifuged at 13,000 X g for ten minutes. The residue 
was washed with 20 ml. of 0.25 M sucrose solution 
and then centrifuged at 13,000 X g for another ten 
minutes. The washing of the residue was repeated 
once more. The final residue was evenly sus- 
pended in 10 ml. of 0.25 M sucrose solution and 
used as mitochondrial preparation. During the 
decantation of the supernatants, attempts were 
made to get rid of all. of the fluffy substances. All 
of the above procedures were carried out at ice 
temperature. 

Measurement of Oxidative Phosphorylation. — 
Double-armed Warburg vessels in duplicates chilled 
in an ice bath were charged with ice cold reaction 
mixture and the urethane solution of various con- 
centrations in the main compartment. In one of 
the side arms was added 0.3 ml. of a 70% trichloro- 
acetic acid solution and to the other 0.5 ml. of hexo- 
kinase in glucose solution. A small roll of filter 
paper was placed in the center well containing 0.2 
ml. of 20% KOH solution. Mitochondrial prepara- 
tion was the last one added to the main compart- 
ment. After a ten-minute period of temperature 
equilibrium at 27°, trichloroacetic acid was tipped 
in the blank control flasks and hexokinase was 
tipped in the rest of the flasks. O-xj’gen uptake was 
measured for twenty minutes. The reaction was 
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stopped by tipping in the trichloroacetic acid in the 
side arm. Five milliliters more of 7% trichloro- 
acetic acid solution was added to each flask and the 
mixture was centrifuged. The inorganic phosphate 
content in the clear extract was determined accord- 
ing to Fiske and Subbarow (7). 

Hexokinasc used in this experiment was prepared 
from yeast and purified to the 3a stage as described 
by Berger, el al. (8). Crystalline ATP sodium salt 
was purchased from California Foundation for 
Biochemical Research. Ethyl carbamate was a 
Merck U. S. P. preparation which had been re- 
crystallized three times. a-Ketoglutaric acid was 
a product of Nutritional Biochemicals Corporation, 
and was recrystallized twice from ethyl propionate 
in order to remove the trace amount of succinic acid 
usually present according to Price (9). Other 
chemicals used were Merck C. P. grade prepara- 
tions. All of the solutions were adjusted to pH 7.4 
if necessary. 

RESULTS AND DISCUSSION 

The effect of urethane on respiration and phos- 
phate uptake in rat liver mitochondrial preparation 
with a-ketoglutarate or succinate as the substrate 
is presented in Tables I and II, respectivels'. The 
data are also plotted as per cent of control in Figs. 
1 and 2. Data in Table I definitely indicate that, 
when of-ketoglutarate was used as the substrate, 
urethane inhibited both the respiration and in- 
organic phosphate uptake proportionately and P/0 
values remained essentially constant throughout a 
wide range of drug concentrations. When the con- 


Table I. — Effect op Urethane on a-KEXo- 
glutarate Oxidation and Phosphorylation" 


Concentra- 
tion of 
Urethane, 

M 

Oxygen 
Uptake, 
n Atom 

Phosphate 

Uptake, 

/i Mole 

P/O 

Control 

7.76 

28.2 

3.65 

0.05 

7.73 

27.2 

3.51 

0.20 

6 02 

21 4 

3 57 

0 30 

4.36 

15.5 

3.58 

0.40 

2.52 

7.15 

2.84 

0.50 

0.77 

0.0 

... 


a Each Warburg vessel contained the following substances 
in micromoles: ATP 6, IP 38.5, Cyt. C 3.6 X 10“*, MgSO« 
23, KF 30, a-ketoglutarate 30, malonate 15, urethane 0- 
1500, rat liver mitochondria 0.5 ml. The final volume was 
3.0 ml., including 0.1 ml. hexokinase and 9 mg. glucose in 
0.4 ml. 0.25 M sucrose solution. 


Table II. — Effect op Urethane on Succinate 
Oxidation and Phosphorylation" 


Concentra- 
tion of 
Urethane, 

M 

Oxygen 

Uptake, 

H Atom 

Phosphate 

Uptake, 

H Mole 

P/O 

Control 

10.3 

19.3 

1.87 

0.05 

9.92 

17.2 

1.73 

0.1 

9.0 

15.0 

1.67 

0.2 

9.25 

15.6 

1.70 

0.3 

9.20 

15.6 

1.70 

0.4 

8.90 

8.55 

0.96 

0.5 

7.12 

0.0 



o The reaction mixture was essentially the same as de* 
scribed in Table I except 30 micromoles of Na-succinate 
was used instead of a-ketoglutarate and malonate. 



Fig. 1. — Effect of urethane on Of-ketoglutarate oxi- 
dation and phosphorylation. A ^A P/0, 0 0 

oxygen uptake, • • inorganic phosphate uptake. 



urethane CONCN. X 10" M 

Fig. 2. — Effect of urethane on suceinate oxidation 

and phosphorylation, a A P/0, O O oxygen 

uptake, • • inorganic phosphate uptake. 


centration of urethane reached 0.3 jl7, the respira- 
tion was reduced to only one-half of the control 
level and the P/O was still as high as the control. 
When succinate was used as the substrate (see 
Table II and Fig, 2) there was a slight decrease in 
P/O at lower concentrations of urethane (0.05-0.1 
ill), but the P/O was not fmther decreased as the 
concentrations of urethane were increased. In both 
cases, when the concentration of urethane was 
higher than 0.3 M, there was a sharp drop of P/O. 

At a very high concentration of urethane (0.5 M), 
there was no change in phosphate concentration as 
compared with the blank control. The effect of 
urethane on respiration as studied with a-ketd\ 
glutatate or succinate as substrate supports the \ 
classical work of Jowett and Quastel (10) and the , 
later work of Greig (11) that the action of narcotics / 
on respiration is located on the electron path' 
between mitochondria DPN linked dehydrogenases 
and the common point in the respiratory chain, 
where the electron transport from these dehydro- 
genases and from succinate enter the cytochrome 
system, commonly referred to as Slater’s factor. 
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Tliis was shown by the fact that urethane inhibited 
respiration in rat liv'er mitocliondrial preparation 
when a-ketoglutarate was used as the substrate but 
not wlien succinate was used 
The present results definitely deny that an 
“uncoupling effect” was involved in the action of 
urethane or as the mode of action of narcotics in 
general. It is not justified to consider the effect 
of urethane at very' high concentration as drug 
action It is well known that urethane is a powerful 
denaturing agent The denaturation effect of 
urethane at high concentrations on proteins or 
enzymes is a general phenomenon (12) 

The inhibiting effect of very high concentration 
of urethane on oxidative phosphorylation observed 
in the present study was probably' due to the 
denaturation action of the drug on enzyme or 
enzymes involved in the reaction mixture 

SUMMARY 

The effects of urethane on the oxygen uptake 
and phosphate uptake in rat-liver mitochondrial 
preparation using a-ketoglutarate or succinate 
as substrate have been studied. Urethane inhib- 
ited a-ketoglutarate oxidation but not succinate 


oxidation and it did not show uncoupling effect 
in either case When urethane concentration 
was higher than 0 3 i/, there was a sharp fall 
of oxy'gen uptake and P/0; this ivas probably 
due to a general denaturation of the enzyme 
system 
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The Synthesis of ^-Aminoethyi Ketones as Potential 
Antagonists of ^-Alanine* 

By SHU-SING CHENGf and SIGURDUR JONSSON 


The organocadmium reagent was adapted to 
the synthesis of alkyl ^-aminoethyl ketones 
from /3-alanine. Some aryl ^-aminoethyl ke- 
tones were synthesized from /3-aIanine 
through the Friedel-Crafts reaction. These 
two series of /3-aminoethyI ketones were 
proposed as potential antagonists of /3-ala- 
nine in the metabolism of certain microorgan- 
isms. Both the alkyl and aryl /S-aminoethyl 
ketones show antibacterial effect when tested 
against y. aureus and E. colt in vitro. 


HIS REPORT deals with analogs of the amino 
acid ^-alanine, designed as potential antago- 
^ nists of possible biochemical or chemotherapeutic 
, interest This amino add is significant in biologi- 
! cal metabolism, as shown by its presence in the 
, molecule of pantothenic acid, which is an essential 
the 1 coenzyme A (1) 
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In the search for metabolic antagonists of 
pantothenic acid, much work has been done on 
the synthesis of structural analogs ivith pantoic 
or ^-alanine moiety modifications (2, 3) These 
structural analogs were designed and synthesized 
in the hope that they might interfere with the 
metabolism of those microorganisms which re- 
quire preformed pantothenate Analogs of j3- 
alanine itself might be of interest as possible 
inhibitors of those microorganisms w’hich synthe- 
size pantothenic acid themselves from /3-aIanine 
and pantoic acid. /3-Alanine has been shown to 
be a growth factor for various microorganisms 
(4-9), but not much xvork has been done in 
synthesizing compounds that might act as an- 
tagonists or displacers thereof (10) 

Numerous instances of antagonism between 
metabolite and antimetabolite have been ob- 
ser\'ed by substituting various isosteric groups 
for a carboxyl group of a metabolite (11). 
Among these is the keto fragment —COR or 
— COAr (12, 13). It seemed, therefore, of inter- 
est to prepare ketone analogs, HiNCH-CH-COR 
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or H 2 NCH 2 CH 2 COAr, of /3-alanine as possible 
antagonists to /3-alanine itself. The amino 
group may be left intact in the hope that it can 
still couple with pantoic acid to give pantothenic 
acid analogs with a keto fragment in place of 
the carboxyl group. The analogs thus formed 
would not be able to couple with cysteine with the 
result that the biosynthesis of coenzyme A in the 
microorganism might be inhibited. A possible 
mode of action similar to this has been visualized 
by Mika and co-workers (14) while studying the 
growth-inhibiting effect of a-alanine on Bru- 
cella. Alternately, the compound might react 
with the enzyme involved in the coupling of 
pantoic acid with d-alanine and render it inactive. 

A survey of the literature for the synthesis of 
amino ketones showed that none of the published 
methods was suitable for the general synthesis of 
ketones of the formula H 2 NCH 2 CH 2 COR, where 
R is an alkyl group. The organocadmium rea- 
gent has been widely used for the synthesis of 
polyfunctional keto compounds since its intro- 
duction by Gilman and Nelson in 1936 (15); 
however, it seems never to have been used for 
the preparation of amino ketones. The synthesis 
of the /3-aminoethyl alkyl ketones reported here 
was accomplished by the reaction of /3-phthali- 
midopropionyl chloride and the proper dialkyl- 
cadmium and subsequent hydrolysis of the 
phthaloyl group. 

The /3-aminoethyl aryl ketones, H 2 NCH 2 CH 2 - 
COAr, were synthesized by the Friedel-Crafts 
ketone synthesis from /3-phthalimidopropionyl 
chloride and benzene, or substituted benzene, 
and subsequent hydrolysis of the phthaloyl 
group. These ketones were synthesized so as to 
test the possibility of enhanced biological ac- 
tivity of the aryl radical adjacent to the carbonyl 
group (16). 

EXPERIMENTAL 

All melting points were taken with the Fisher- 
Johns apparatus. 

P-Phthalimidopropionic acid was prepared ac- 
cording to Gabriel (17). Amide, flat needles from 
water, m. p. 204-205°; anilide, needles from water, 
m. p. 189°. 

P-Phlhalimidopropionyl chloride was prepared 
according to Gabriel (18). A better yield (93.5%) 
was obtained by substituting thionjd chloride for 
the phosphorus pentachloride. 

The /3-phthalimidoethyl alkyl ketones prepared 
are listed in Table I and the alkyl ^-aminoethyl 
ketones hydrochlorides obtained therefrom by 
hydrolysis in Table II. Representative examples of 
the preparation follows; 

l-Phthalimido-3-heptanone . — The cadmium alkyl 
was prepared in the conventional way (19, 20) 
from 54.66 Gm. (0.4 mole) n-butyl bromide through 


the Grignard reagent and replacement of the 
ether by 80 ml. of anhydrous benzene. The flask 
was cooled in ice and a solution of 65.4 Gm. of |3- 
phthalimidopropionyl chloride (0.27 mole) in 300 
ml. of anhydrous benzene was gradually added over 
a period of twenty minutes, while the mi.xture was 
stirred vigorously. The mixture solidified and the 
ice-bath was then removed. When heat evolution 
subsided, the mixture was refluxed for three hours. 
The mixture was then cooled in an ice bath and 
acidified with dilute hydrochloric acid. The clear 
aqueous solution was separated from the benzene 
solution and extracted with several portions of 
benzene. The benzene extracts were combined, 
washed with ether, several portions of a 10% solu- 
tion of sodium bicarbonate, and again with water, 
and finally dried over anhydrous sodium sulfate. 
The benzene was removed in vacuo yielding a 
residue of crude l-phthalimido-3-heptanone. The 
crude ketone was purified by recrystallization from 
alcohol-water. 

l-Amino-3-hcplanone {n-Butyl 0-Aminoelhyl Ke- 
tone) Hydrochloride . — Three grams of 1-phthal- 
imido-3-heptanone, 10 ml. concentrated HCi, and 
15 ml. glacial acetic acid were refluxed for three 
hours, another 10 ml. concentrated HCI added, and 
refluxing continued for three more hours. The 
mixture was concentrated in vacuo to remove excess 
acid and water added until no more precipitate 
formed. The precipitate was filtered off, washed 
with water, and the washings combined with the 
filtrate. The filtrate was evaporated to drjmess 
in vacuo. The residue was dissolved in the minimum 
amount of absolute alcohol, and ether was added 
dropw'ise until further addition caused no more 
precipitation. The precipitate was collected by 
filtration, washed with ether, and dried. 

The /3-phthalimidoethyl aryl ketones prepared 
are listed in Table I and the aryl /3-aminoethyl 
ketone hydrochlorides, obtained therefrom by 
hj'drolysis, in Table II. These ketones were 
prepared by the conventional Friedel-Crafts acyl 
condensation from the /3-phthalimidopropionyl 
chloride, anhydrous aluminum chloride, and an 
excess of the aromatic hydrocarbon. The aryd §■ 
aminoethyl ketone hydrochlorides were obtained by 
hj'drolysis of the phthalimido derivative as described 
above. 


ANTIMICROBIAL EFFECTS 

In preliminary tests all of the aminoketones here 
reported completely' prev'ent the grow'th of E. colt 
ATCC 8739 in a sj’nthetic medium, the 2,5-di- 
methylphenj'l /3-aminoethyl ketone hydrochloride 
and the «-heptj'l j8-aminoethyl ketone hydro- 
chloride in a concentration of 250 T/ml.; the others 
at a concentration of 500 7/ml. The first tw'o also . 
completely' prevent the growth of Staph, aureus 
in nutrient broth at the concentration of 100 7/ml. 
and 500 7/ml., respectively'. 


DISCUSSION 

The low yield of the alkj'l /3-phthalimidoethj'l 
ketones can be accounted for bj' the volatility' of the 
dialkylcadmium. Since the replacement of ether 
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Table I. — Alkvl and Aryl /3-Phthalimidoethyl ketones 












Derivative 










M p of 










2,4-Dmitro- 






Analyses 


^ 

phenjl- 


M P . 

Yield, 

Calcd % 


Found. % 


hj'drazone. 

R 

C 

% 

C 

H 

N 

C 

H 

N 

“ C 

«-Butyl 

102 5 

20 F 

69.28 

6 87 

5 38 

69 13 

6 87 

5 21 

162-163 

«-He\yl 

100 

14 6‘ 

70 88 

7 35 

4 86 

70 76 

7 27 

4 88 

129-130 

ii-Heptj'l 

90 

16 e” 

71 55 

7 67 

4 65 

70 75 

7 42 

5 15 

131-132 

Phenyl 

130-131' 

71 

73 11 

4 66 

6 02 

72 74 

4 80 

4 61 

274-275 

p-Methylphenyl 

135 

78 

73 71 

5 12 

4 78 

73 95 

5 38 

4 84 


2,S-Diraethy!phenyl 

136-137 

71 

74 26 

5 54 

4 56 

74 23 

5 76 

4 50 



o Analyses by Weiler and Strauss. Oxford, England & Yield of twice recrystalliied material c Literature reports 131-132° 
(18), 130° (21) 


Table II —Alkyl and Aryl /J-Aminoethyl Ketone Hydrochlorides 
H.NCHjCH.COR-HCl 




/ Analyses O' 


Derivative 



Calcd . 

Found. 

M p of 

R 

M p C 

% N 

% N 

Picrolonste ° C 

«-Butyl 

U2>> 

8.40 

8 27 

179 (decompn ) 

« -Hexyl 

135' 

7 23 

7 2 

175 (decompn ) 

«-Heptyl 

132 

6 74 

6 77 

172 (decompn ) 

Phenyl 

126-127“ 

7 54 

7 57 

185-200' 

p-Methylphenyl 

193-194 

7 02 

6 76 

1S6-204' 

2,5-Dimethylphenyl 

173 

6 56 

6 76 

176-187' 


o Aaal>ses by Weiler and Strauss Oxford, England ^ Literature reports 142-143° (22) < Literature reports 162° (22) 

*1 Literature reports 127° (21) ° Decomposes slowly in this range without melting 


iiith benzene is necessary for the condensation of 
the dialkjdcadmium and the acyl chloride, the 
volatility of the dialkylcadmium is one of the 
factors limiting the yield 

The synthesis of phenyl and raethylphenyl 0- 
phthalimidoethyl ketones by the Friedel-Crafts 
acylation provides evidence that only one acyl 
group can be introduced into the aromatic nucleus 
This coincides with the general observation that, 
in the Fnedel-Crafts ketone synthesis, the reaction 
stops abruptly with the introduction of a single 
acj'l group, so that the primary condensation 
product is not contaminated with products of more 
than one acyl group The condensation of /3- 
phthalimidopropionyl chloride with toluene gives 
methj’lphenyl /3-phthalimidoethyl ketone The in- 
frared absorption spectrum of this compound shows 
that it is the paraAsomer This fact coincides 
with the general observation and may be properly 
e\plained as asteric effect (23) 

The preliminary antibacterial tests do not show 
if the compounds reported here are true d-alauine 
antagonists or not It is hoped this will be investi- 
gated at a future date Hoivever, E colt, whicli 
grows in a medium free of pantothenic acid, and 
yhence supposedly synthesizes it’s own supplj% is 
strongly inhibited by the compounds reported here 
On the other hand it is not inhibited by pantoyl- 
taurine (24), a well known pantothenic acid an- 
tagonist This lends support, indirectly, to the sug- 
gested inechanisni of antibacterial effects of the p- 
aminoethyl ketones 
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A System for Measuring Contractions of the Rat 

Ventricle Strip* 

By DUANE G. WENZEL, IVENS A. SIEGEL, and ROBERT E. NICHOLS 


A system is described for the quantitative 
measurement of the contractions of the elec- 
trically driven rat ventricle strip. The ap- 
paratus includes the components of the 
transducer-amplifier-recording system as well 
as a simplified muscle-holder and electrode 
assembly. As normally employed, the system 
accurately measures semi-isometric (>0.025 
mm. displacement) muscle contractions at a 
stimulus frequency of four per second. It 
may also be employed at other frequencies 
and for moderate isotonic contractions as 
well as for gas displacement. 

' I 'he quantitative measurement of muscle con- 
traction is the basis of a considerable por- 
tion of experimental pharmacology. Sj'stems 
for measuring such contractions require some de- 
vice by which the distance that a muscle moves 
or the force with which it contracts is quantita- 
tively converted into a measurable record. Such 
devices are termed transducers. Systems in 
common use are the simple mechanical lever, 
the optical lever, and the various mechano- 
electrical systems in which the muscle displace- 
ment is quantitatively converted into an elec- 
trical signal, the signal amplified, and, in turn, 
used to drive an electromechanical or electro- 
optical recorder. For an excellent discussion of 
the various transducers employed in biological 
studies the reader is referred to the work of 
Machin (1). 

The following paper describes a versatile 
system in which a variable inductance type of 
mechanoelectrical transducer is employed. While 
the system to be described was designed spe- 
cifically for the semi-isometric measurement 
(>0.025 mm. displacement) of the electrically 
driven rat ventricular strip (2), almost any driven 
or spontaneously contracting muscle preparation 
may be studied with only minor modifications. 
For example, as the transducer employed uses a 
bellows as a spring to control the movement of 
the core, the apparatus may also be used to 
measure air or gas displacement or, by substitut- 
ing a light spring for the bellows, it is effective for 
measuring moderate isotonic contractions. 


* Received January 30, 1960, from The University of 
Kansas, School of Pharmacy, Lawrence. 

The investigation leading to the development of this ap- 
paratus was supported in part by a research grant (H-3842) 
from the National Heart Institute, Public Health Service 
and by a research grant from the University of Kansas. 


INSTRUMENTAL • 

A block diagram of the total transducer system is 
shown in Fig. 1. All electrical connections between 
the units of the system are made with shielded cable. 

The transducer itself is a model 1JD2578 Westing- 
house barometric rate control unit. This is rigidly 
mounted in and electrically insulated from a 5 X 6 X 
4-inch case. The moveable transducer core is 
pivoted to an arm to which the muscle is attached. 
This arm projects through an opening cut in the 
front of the case. The cased transducer is in turn 
attached to the rack of a Babco No. 945 drill press 
stand. By substituting an expansion spring for the 
compression spring of the drill press, the verticle ad- 
justment of the transducer case may be finely con- 
trolled with what was originally a depth-limiting 
screw of the drill press. This makes it possible to 
adjust the position of the transducer relative to the 
muscle chamber and to control the tension placed on 
the muscle 



Fig. 1. — Block diagram of the electrical components 
of the sj’stem. 


One of the disadvantages of the variable induct- 
ance transducer is a susceptibility to vibration, a 
drawback related to its extreme sensitivity. To 
minimize this effect, the mass of the apparatus is in- 
creased by substituting a solid steel rod 22 inches 
long by l>/4 inches in diameter for the hollow verti- 
cal rod of the drill press, and mounting the appara- 
tus on a base of Colorlith desk top 20 X 15 X I'A 
inches. When this base is placed on several butyl 
rubber stoppers, the vibrational noise is minimized. 

A Heathkit model AG-9A audiogenerator is used 
to energize the transducer coil. The rectifier op- 
erates at an audiogenerator frequency of 20 kc. and 
a voltage of 0.5 was found to be satisfactory. The 
signal from the transducer is first amplified by a 
Tektronix type 122 low level preamplifier with a 
voltage gain of 100 and a frequency response be- 
tween 80 cycles and 40 kilocycles. The output of 
the preamplifier is then rectified in order to remove 
the 20 kc. carrier wave. A circuit diagram for the 
rectifier is shown in Fig. 2. The frequency response 
of this system is essentially flat between one and 
twenty c.p.s. The d. c. output of the rectifier is 
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Fig. 2. — Circuit diagram of the rectifier. 



mo TENSION 

CALIBRATION OF INSTRUMENT 


further amplified by either an Epsco model 8108-B 
or a model 8122-A amplifier. In the experiment for 
which the apparatus was designed, that is to follow 
a stimulus frequency of four per second, either ampli- 
fier is adequate. However, for possible applications 
in which a relatively steady state is to be measured, 
the 8122-A amplifier will not provide adequate gain 
as the d. c. gain of this instrument is only 150. A 
continuously variable gain control on amplifier con- 
trols the final voltage output to an appropriate 
recording device. For the application to be de- 
scribed, it is desired to automatically record the 
results for a ten-second period every five minutes. 
This is accomplished by the use of a recycling cam 
timer. This timer is used to alternate the signal 
between a Brush model BL201 oscillograph for 
ten seconds and a Tektronix type 360 oscilloscope, 
which was used to monitor the results, for the re- 
mainder of the five minutes. For recording at 
frequencies of less than two per second, a Te.xas 
Instruments Recti-Riter provides a rectilinear 
record of greater amplitude. For studies in which 
frequencies higher than about 10 per second are to 
be employed, it is necessary to modify the system of 
rectification. 

The linearity of the system was measured by 
adding weights to the transducer arm and recording 
the response on the oscillograph. Response was 
linear as shoivn in Fig. 3 within the approximate 
limits of the force exerted by the ventricular strip. 
The limits of linearity were not studied and should 
be determined if the system is to be employed for 
the measurement of isotonic contractions. 

The remainder of the apparatus differs from sim- 
ilar devices previously reported in several respects 
and is reported in brief. The muscle chamber con- 
sists of a cylindrical vessel 10 cm. in height and 4.5 
cm. in diameter. As shown in Fig. 4, a pob'styrene 
mercury-filled electrode with a platinum contact 
enters the chamber at the side arm through an am- 
pul stopper. An air stone of the type used in aquari- 
ums is similarly introduced through an opening at 
/'the bottom of the bath. The muscle holder, as 
t seen in Fig. 4/1, is likewise made of polystyrene 
( plastic. In order to fix the muscle mechanically and 
\ electrically to the holder, the strip is first tied at 
'both ends with silk thread. Nylon thread should 
Pot be used as it stretches. One end of the muscle 
is then pulled through a small, carefully bored 
hole approximately 0.5 mm. in diameter in a soft 
rubber-ampul cap. By stretching the hole with 
a forceps to enlarge the opening, approximately 
1 to 2 mm. of the muscle is pulled into the inside of 


Fig. 3. — The relation between the amount of ten- 
sion placed on the transducer and the response of the 
recorder. 






Fig. 4. — A, Muscle chamber. 1, Connection to 
lever arm; 2, muscle strip ; 3, 0.5-mm. hole for inser- 
tion of strip; 4, rubber cap; 5, platinum cap; 6, 
connection to stimulator. 

B, Electrode assembly. A, Connection to stim- 
ulator; B, mercury filled electrode; C, rubber cap; 
D, platinum electrode ; E, air stone ; F, rubber cap ; 
G, oxygen supply. 


the cap. The cap holding the muscle with ap- 
proximately 1 cm. outside and 1 mm. inside the 
cap is then pushed down over the muscle holder in 
order that the muscle comes in contact with the 
electrode. The end of the muscle holder through 
which the electrode protrudes is expanded to such 
a size that the ampul cap fits very tightly. It is 
necessary to select an ampul cap having a suf- 
ficiently heavy top to avoid movement of the cap 
with each muscle contraction. 

The muscle is stimulated four times per second 
with the output of a Tektronix type 162 waveform 
generator and a Type 161 pulse generator pow'ered 
by a type 160A power supply. Such a system pro- 
vides^ all ^ the advantages of more expensive com- 
mercial biological stimulators and offers considerably 
more flexibility. 

Temperature was controlled at 27° ± 0.25° by 
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the use of a Thermisterap temperature controller 
model 71 and a 2084 liquid immersion probe 
Heating or cooling as required was accomplished 
by pumping water at a temperature differential 
of about 5° through '/s-iuch diameter polyethylene 
tubing wrapped around the muscle chamber. 


REFERENCES 

( 1 ) Machln, K. E , “Electronic Apparatus for Biologic 
Research." Academic Press, New York, N. Y., 1958, p. 471 

(2) Pcigen, G. A., Masuoka, D. T., Thienes, C. H,, Saui 
tiers, P- R,, and Sutherland, G. B., Stanford Med. Bull., II 
27(1952) 


Studies on Bacterial Pyrogenicity II* 

A Bacteriological Test for Pyrogens in Parenteral Solutions 

By STANLEY MARCUS, CARL ANSELMO, and JOANNA LUKE 


The basis and procedure for a culture method 
employing membrane filters to test freshly 
prepared parenteral solutions for pyrogenic 
capacity is presented. Under the limiting 
conditions described, solutions which yielded 
counts of less than 10,000 per L. were found 
to be nonpyrogenic by rabbit test. On the 
basis of laboratory and field trial, it is con- 
cluded that the bacteriological assay for the 
purpose described is as specific and sensitive 
as the rabbit assay for pyrogenicity. 

'VS^ORK REPORTED (1,2) has given support for 
the concept that official pyrogen tests, in- 
cluding the U. S. P. test, have a quantitative 
basis in terms of the numbers of bacteria required 
to induce a febrile response in rabbits. That is, 
a definite number of organisms must contaminate 
a solution before it becomes pyrogenic. 

In this report a culture technique is described 
which has been successfully employed as an 
alternative for the official rabbit test for pyro- 
genicity of freshly prepared parenteral solutions. 
Results obtained are given and some implications 
concerning the method are explored. 

MATERIALS AND METHODS 

Pyrogen tests in rabbits were carried out with 
sterile (autoclaved) solutions according to the 
techniques described in the "U. S. Pharmacopeia 
XY,” with minor exceptions previously noted (2). 
Interpretations of results were in accordance 
with U. S. P. XV. Samples of solutions to be 
tested by the culture procedure were taken before 

* Received September 18, 1959, from the College of Med- 
icine, University of Utah, and Latter Day Saints Hospital, 
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This work has been aided by the American Sterilizer 
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sterilization and filtered through so-called “mem- 
brane'’ filters (Millipore, type HA, white, grid, 47 
mm.). That is, the batch of solution was prepared 
and either an aliquot was removed from the one 
sample or one or more containers of the bottled 
lot was sampled immediately prior to placing the 
remainder into the autoclave for sterilization. 
At least 100 ml. of each solution was filtered. 
Each filter was then aseptically transferred to a 
human (2-5%) blood agar plate and incubated 
at 37° to yield estimates of the numbers of living 
organisms present in the samples prior to steri- 
lization. Colony counts were made after fortj'-eight 
hours incubation. Reasons for the use of the 
blood agar medium, incubation temperature, and 
time are considered in the discussion section. 

Theoretical considerations as well as practical 
findings have led us to conclude that a freshly 
prepared solution jdelding a count of 10,000 or less 
per L., under the defined conditions of the test, is 
nonpyTogenic as determined by rabbit assay. 

RESULTS 

Freshly distilled water, collected under ordinary 
conditions of cleanliness in the e.vperimental labora- 
tory' from a glass still that condensed approximately 
2 L. per hour, with no unusual precautions taken to 
avoid air-borne contamination, was usually sterile. 
Such water transferred to previously washed 
(detergent and hot tap water) and then steamed 
(live-steam hose) S-gallon glass carboy- containers 
maintained water in a nonpyrogenic state for the, 
duration of the test period, that is, three months. 
The mouths of the carboys were covered by an 
initially sterile 1-L. Griffin beaker. After twelve to 
fourteen weeks three 5-gallon specimens prepared in 
this fashion yielded counts of 98, 174, and 35 organ-' 
isms/L- The water in each carboy- was converted 
to 0.9% NaCl by addition of the proper amount of a 
U. S. P. grade reagent. To simulate hospital 
laboratory- conditions as well as mix the solution, 
the yyafer was poured from the carboy into a 
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lO-gallon aluminum vat previously cleaned and 
then rinsed tvith freshly distilled water. Average 
plate counts after forty-eight-hours incubation on 
two 100-ml. samples of the finished products were 
34, 62, and 49 organisms, corresponding to values of 
340, 620, and 490 organisms/L. Immediateb^ 
after samples were taken for bacterial counts, liter 
amounts were sterilized by autoclaving. Pyrogen 
tests in rabbits with the autoclaved samples iverc 
negative. 

Freshly distilled water, collected under usual con- 
ditions of cleanliness in the central supply area of a 
large general hospital, was found to be sterile by 
membrane filter technique. This water, prepared 
from a still operating by connection to a steam line, 
ivas collected into a 12-gallon glass carboy. A 
plastic hose through which water was taken from 
the carboy was found to be consistently contam- 
inated with organisms of the family Achromo- 
bacteriaceac. These organisms, which are not 
significant pyrogen producers (2), were reduced to 
low numbers by flushing about 2 L. of freshly distilled 
water through the plastic drain after washing the 
terminal portion of the drain with detergent in 
hot tap water. The tap water was not softened 
fay ion exchange resin treatment. Freshly distilled 
water from this carboy was used to prepare small 
(4-L.) batches of 0.9% NaCl (4 batches), 5% 
dextrose (4 batches), or a mixture of these substances 
(2 batches) in a 6-L. flask; all these preparations 
but one contained less than 100 viable organisms/L. 
and all were negative in the rabbit pyrogen assay. 
The chemicals used in these preparations were 
. U. S. P. grade. 

Water from a Barnstead electrically powered, all 
metal still, rated at one gallon per hour, was col- 
lected in 5-gallon glass carboys and found to be 
sterile on repeated tests by membrane filter analysis. 
The occasional presence of one or two colonies in 
cultures of membrane filters through which liter 
amounts had been sampled was interpreted to 
represent transfer contamination. This water was 
used to rinse out the 10-gallon aluminum vat 
previously referred to. Following rinsing, 4 
gallons of water was added to the vat and converted 
to 0.9% saline solution by the addition of 36.2 Gm. 
of U. S. P. NaCl. From the hose outlet at the bot- 
tom of the vat, successive 600-mI. samples yielded 
colony counts of 3, 4, and 2 organisms corresponding 
to estimates of 6, 8, and 4 organisms per L. The 
autoclaved specimens were negative for pyrogens 
by rabbit test. These data are summarized in 
Table I. 

A critical evaluation of the bacteriological test 
for pyrogens in freshly prepared solutions was 
carried out in cooperation with a reputable com- 
pany which prepares and sells parenteral solutions.’ 
Samples at the plant were collected at or from; 
,{«) the distilled water delivery outlet of the main 
/ still, (6) a collecting tank containing approximately 
I oO gallons of freshly distilled water, (c) this latter 
\ source after mi,xing in the U. S. P. grade chemicals, 
\id) the washed, filled, and capped 1-L. bottles 
ready to be autoclaved. It was predicted that the 
successive samples would yield cumulative colony 
counts. In general, this was found to be true. 

‘ Wc are grateful for the cooperation of the Allied Phar- 
tnacal Co., Centerville, Utah. 


Table I, — Relation Between Bacterial Count 
AND Pyrogen Test Results in Various 
Parenteral Solutions 


Membrane 

Filter 

Count 

Colonies/ 

U. S. P. 
Rabbit 
Pyrogen 

Sample 

L. 

Test 

Glass distilled water 

Fresh 

0 


No. 1 5 gals. After 14 wks. 

<100 


No. 2 5 gals. After 13 wks. 

<200 


No. 3 5 gals. After 12 wks. 

<100 


No, 1 Converted to saline 

<400 

neg. 

No. 1 Converted to saline 

<400 

neg. 

No. 2 Converted to saline 

<700 

neg. 

No, 3 Converted to saline 

<500 

neg. 

Steam line distilled water 

Fresh (4-L. Batches) 

0 


No. 4 0.9% Saline 

<100 

neg. 

No. 5 0.9% Saline 

< 10 

neg. 

No. 6 0.9% Saline 

< 10 

neg. 

No. 7 0.9% Saline 

< 10 

neg. 

No. 8 5% Dextrose 

<100 

neg. 

No. 9 5% Dextrose 

<100 

neg. 

No. 10 5% Dextrose 

<100 

neg. 

No. 11 5% Dextrose 

<100 

neg. 

No. 12 5% Dextrose in saline 

<200 

neg. 

No. 13 5% Dextrose in saline 

<100 

neg. 

Barnstead distilled water 

Fresh (4-gal. Batch) 

0 


No. 14 0.9% Saline 

< 10 
< 10 
< 10 

neg. 


For example, in one experiment, the fresh distillate 
was sterile, the collected distillate contained an 
estimated 50-100 organisms/L.. the 5% dextrose 
solution, following mixing, yielded an estimate of 
440 organisms/L., and two 1-L. bottles selected at 
random from the 180-L. bottle batch yielded esti- 
mated counts of 560 and 680 organisms/L. Samples 
of autoclaved specimens were sterile and pyrogen 
tests were negative. Inconsistencies in counts in 
12 experiments were ascribed to logistic problems, 
that is, collecting and bringing the samples to the 
laboratory to be tested. In any event, in these 
experiments, as well as another 62 e,xperiments in 
which cultures were carried out on samples from 
bottles taken from racks just prior to placing in 
the autoclave, counts of 240 to 3,400 organisms/L. 
were obtained. The distribution of these counts, in 
estimated number of organisms per L., is shown in 
Table II. The specimens included examples of the 
usual commercially available parenteral solutions of 
the saline, dextrose, and Ringer’s types. All 
batches yielded negative pyrogen tests in rabbits. 

DISCUSSION 

Since bacteriological culture tests hav-e been 
indicted as unreliable for general pyrogen assay in 
the past (3-7) it is necessarj- to consider in detail 
the hypotheses and arguments on which are based 
this claim for the reliability of a culture method. 

If it is recalled that all assay tests are stand- 
ardized with both explicit (defined) and implicit 
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Table II. — Distribution of Colony Counts on 
74 Freshly Prepared Solutions Prior to 
Sterilization 


Colonies 

Orjranisms 

No of 

Counted® per 

Estimated, 

lOO-ml. Sample 

per L 

Specimens 

24-50 

240-500 

2 

> 50-<100 

> 500- <1000 

21 

>100-<150 

>1000-<1500 

27 

>150- <200 

>1500-<2000 

14 

>200- <250 

>2000-<2500 

6 

>250-<300 

>2500-<3000 

1 

>300-<350 

>3000-<3500 

3 


o Blood agar, 48 hours at 37°. 


("common-sense”) limits of error, then the defense 
of the proposed assay for pyrogens in frcshlj' 
prepared parenteral solutions is more readily 
rationalized 

By "parenteral solution” we refer to any of the 
usually available sait and simple sugar solutions 
put up in volumes of 1 L. to as little as 5 ml. and 
designed for intravenous or other form of injection 
or infusion into man. For the present we specifi- 
cally e.xclude consideration of vitamin, antibiotic, 
and other biological preparations which are admin- 
istered by injection. 

The object of the assay method proposed is to 
determine with confidence if a freshly prepared 
solution contains less than 10 organisms per ml. 
( 10,000/L ) by the technique described. Under 
these circumstances, thermophilic, psychrophilic, 
photosynthetic, and anaerobic bacteria will not be 
detected. Fastidious pathogens such as JV. men- 
ingititis, H. pertussis, or M. tuberculosis will not 
grow out. Of course, non viable bacteria as well as 
other forms of microbic life (viruses and protozoa) 
will also go undetected. The hypothesis e.xplored 
therefore is that salt and sugar solutions prepared 
for parenteral use, by prescribed standard methods, 
with freshly distilled water, will be nonpyrogenic if 
such solutions contain fewer than 10,000 bacteria, 
yeast, or mold spores per L., without respect to 
species of such microorganisms, when tested 
immediately after preparation by the method 
described. 

Reasons for the explicit limitations to the method 
are derived mainly from material previousl}' re- 
ported (1, 2). It has been found that at least 1,000 
per ml. of the most pyrogenic bacteria must contam- 
inate a solution, that is then sterilized by auto- 
claving, before it will yield a pyrogenic response by 
rabbit test. Since the potent pyrogen producers 
are apparently rare as compared to the usual 
contaminants of freshly prepared parenteral solu- 
tions, the hypothesis may be suggested that defining 
a count of 10 organisms per ml. (lOVL.), rather than 
1,000 per ml. (lOVL.), as potentially pyrogenic 
results in a "safety factor” of about 100 times to 
account for nonviable pj'rogenic sources in the 
material tested. In other words, a solution yielding 
a count of 10* to 10* added organisms per L. will be 
negative in the rabbit test. This will be true if the 
organisms are added, but not necessarily so if 
the organisms grow in the solution. This is why the 
test must be restricted to freshly prepared solu- 
tions. 

We delineate a "freshly prepared solution,” 
at present, as one prepared wjth water distilled, 


used, and sterilized within a twenty-four-houi 
working period. The twenty-four-hour working 
period has been chosen arbitrarily both on the basis 
of trial and from theoretical considerations. Water 
collected overnight in previously cleansed tanks 
and then used for washing and solution preparatiot 
on the following day has been found to be in 
distinguishable by rabbit test from water collectec 
and used during an eight-hour period. This is nol 
surprising when we view the fact in the light of th( 
hypothesis that difficulty with pyrogens arises fron 
organisms added to the solution during the manu 
facturing process and prior to sterilization. Conclu 
sions of this nature were reached by Seibert (8 
who stated; "... there seems to be no doubt . . 
that the pyrogen is a bacterial contaminant, a; 
suspected by many former investigators . . . 

It is possible to free distilled water of this contam 
ination by a proper distillation and only suci 
fresh distillates should ever be used in the prepara 
tion of solutions for parenteral injections. 1 
these fresh distillates are sterilized immediately anc 
preserved sterile they will remain free from pyrogen 
On the other hand, if they are once allowed to 
become contaminated, it is not possible to free 
them of pyrogen by autoclaving . . . .” In concur- 
ring with this conclsuion we amend the state- 
ment by defining "fresh distillates” as we have done 
and by introducing the qualitative and quantitative 
concepts of pyrogenicity for freshly prepared solu- 
tions. In our experience, the most frequent 
contaminants of distilled water (Achromobacteriaceae) ^ 
have a low pyrogenic potential (2) and prolonged 
generation time under natural conditions. Also, in ^ 
this regard, the dangerous heterotrophic species of 
Evterobactcriaceoe do not find freshlj’ distilled water, 
containing trace amounts of atmospheric gases m 
solutions, a choice medium should thej’ be inocu- 
lated into the distilled water during the distillation 
period ; and there is not sufficient time for significant 
numbers of organisms to accumulate in the prepared 
solution before it is sterilized if the working period 
is restricted to twenty-four hours. Of course, 
stills, receptacles, containers, and delivery lines must 
be of types which are easily and thoroughly cleaned 
so that no debris may be trapped anywhere to act 
as a culture inoculum or medium. 

The hj'pothesis that each colony that grows out 
arises from a single bacterial cell is drawn from 
experimental observation of the satisfactory rela- 
tionship between organisms added to solutions and 
membrane filter counts made from aliquots of these 
solutions. 

The assumption that all microorganisms are 
equallj- p 3 nogenic is entire^' unjustified, does not 
fit the available data, and is employed on the basis 
of being a further safety factor in the allowable 
count: that is, organisms that tve have isolated 
from freshly prepared parenteral solutions, i®-\ 
mediately prior to autoclaving, are much lower in x, 
pyrogenic potential than is indicated bj' the assay 
limits of acceptability. / 

It should be apparent that the proposed method isy 
unsuitable for use with ion exchange water. Until 
such time that suitable methods are found for 
readily Cleaning and sterilizing ion exchange resin 
columns the use of such water for parenteral prepara- 
tions should be discouraged rather than guarded. 

At this time, the use of ion exchange water for 
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parenteral preparations is forbidden in U. S. P. 
procedure and lack of available information on the 
subject makes use of such water hazardous from all 
points of view. 

The bacteriological assay procedure proposed 
should monitor the cleanliness of the plant opera- 
tion. That is, if a normal range of bacteria! counts 
is once established, a signihcantly increased count 
deviation from this mean should indicate the exist- 
ence of an actual or potential trouble source. 

Disadvantages of the procedure are apparent. A 
bacteriologj' laboratory or semblance thereof must 
be available. The test is a secondary type procedure 
based on the primary bioassay with rabbits, which 
itself is fallible. The time limitations of the test 
have been stressed, that is, unlike the rabbit test, 
the culture assay cannot be delayed but must be 
performed as soon as the solution is prepared and is 
ready for autoclaving. Furthermore, the results 
cannot be determined for forty-eight hours. 


SUMMARY 

A simple culture technique, employing mem- 
brane filters (Millipore, HA) to test freshly pre- 
pared parenteral solutions for pyrogenic capacity, 
has been described. The basis and limiting con- 
ditions for the method are noted and discussed, 
as are certain advantages and disadvantages. 
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A Comparative Study of Theophylline Preparations: 

Digestive Absorption* 

By SAMUEL H. WAXLER and HERBERT B. MOY 

Six theophylline preparations have been tested for their absorption from the gastro- 
intestinal tracts of animals as reflected by blood theophylline levels. These values 
were obtained first from the stomach, and then from the remainder of the gastro- 
intestinal tract. The results showed satisfactory absorption with all medications, 
and the wide variation inherent in oral preparations. No real superiority was evident 
in the six preparations when the available theophylline was the same in each drug. 


Tn 1949 Schack and Waxier (1) described an 
ultraviolet spectrophotometric method for the 
determination of theophylline in blood and tissue. 
Subsequently this method was applied to a study 
on groups of patients and blood theophylline 
levels were determined following the administra- 
tion of aminophylline by intravenous, intra- 
muscular, oral, rectal, and inhalation routes 
(3, 4, 5). Attention was paid primarily to the 
rate of appearance, the level attained, and the 
disappearance of the drug from the blood stream. 
Since that time, several papers on new oral theo- 
phylline preparations have appeared. Two 
( points are generally stressed with these prepara- 
( tions: the superior blood levels, and the fewer 
^ gastrointestinal disturbances. The problem of 
absorption of the drug from the gastrointestinal 
tract has been considered only in very general 
terms. Since little is known, no references are 
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made to the differential absorption of the drug 
from any particular part of the tract, i, e., the 
stomach or the small intestine. This present 
study is an attempt to determine in animals the 
amount of absorption of theophylline from the 
isolated stomach in a set interval of time, and 
also the absorption which occurs from the intes- 
tinal tract after the theophylline material leaves 
the stomach. 


MATERIALS AND METHODS 

In these experiments six theophylline prepara- 
tions: theophylline (Searle): aminophylline (Searle); 
calcium theophyllinate (Searle) (2); aminophylline- 
alumlnum hydroxide-ethyl aminobenzoate (Invin, 
Neisler); aminophylline-aluminum hy^droxide gel 
(Massengtll); and choline theophyllinate (Barnes 
Hind); were examined for their absorption, first 
from the stomach of rabbits and dogs, and, sub- 
sequently, from the remainder of tlie intestinal 
tract of these animals. All of the preparations 
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were given so that an equal amount of available 
theophs'lline was used. The total theophylline in 
each compound was computed, and this was given 
in the amount of 15 mg of theoph}dline per Kg 
of body weight to the rabbits, and 25 mg of theo- 
phylline per Kg to the dogs 

Forty-one rabbits weighing between 2 and 3 4 
Kg were taken off feed twelve hours before the 
experiments Under tribromoethanol and light ether 
anesthesia, a small abdominal incision was made, the 
stomach exposed, and a permanent ligature placed 
at the distal end of the stomach The prescribed 
amount of preparation was administered and 
allowed to enter the stomach 

Thirty-eight rabbits in the same weight range 
were prepared in a similar manner under tribromo- 
ethanol and light ether anesthesia A soft rubber- 
shod clamp was temporarily placed at the distal end 
of the stomach and the animal was given, by stomach 
tube, one of each of the six above-mentioned theo- 
phylline preparations At the end of one-half hour 
the clamp was removed and the material allowed to 
continue into the small intestine 

A similar experiment was performed with dogs. 
The animals ivere anesthetized with chloralose, 100 
mg per Kg of body weight subcutaneously, and 
kept under light ether anesthesia as required The 
abdominal cavity was opened, a clamp was placed 
at the distal end of the stomach, and the various 
theophylline preparations, 25 mg per Kg , were 


administered by stomach tube. The clamp wa 
removed one hour after the administration of th 
drug 

A preliminary blood sample for "blank" deter 
mination was drawn prior to the administration o 
the drug; then serial samples were drawn throng; 
the next five to seven hours. The blood sample 
tvere analyzed for theophylline content by th 
method of Schack and Waxier. A Beckman D1 
ultraviolet spectrophotometer was used for detei 
mination of the values. 

RESULTS 

The data obtained following oral administration < 
theophylline preparations to rabbits with a ligatm 
at the distal end of the stomach are shown in Tabl 
I The significant degree of absorption from th 
stomach after thirty minutes is reflected in the 
elevated blood levels. These levels were main- 
tained and increased over the next seven hours 
The range within each group is quite marked; 
and these variations are noted with all drugs tested 

The second phase of this experiment gives the 
results following temporary occlusion of the distal 
end of the stomach of the rabbit with a rubber-shod 
clamp which is removed thirty minutes after oral 
administration of the drug. The values at the 
thirty-minute mark (Table II) indicate theophylline 
levels obtained from absorption from the stomach 


Table I — Blood Theophylline Levels Obtained from Absorption of Theophy'lline Preparations 

FROM the Stomach of Rabbits” 


Theophylline 

Calcium theophyllinate 
Aminophylline 
Aminophylline-Al(OH )3 gel 
Aminophylline-Al(OH)3- 
ethyl aminobenzoate 
Choline theophyllinate 

30 Minutes 

110 ± 39 

112 ± 52 

127 ± 62 

106 ± 21 

109 ± 57 

123 ± 38 

1 Hour 

169 ± 83 
145 ± 57 
178 ± 67 

170 ± 54 

174 ± 81 
243 ± 61 

—Time 

3 Hours 

347 ± 70 

291 ± 49 

404 ± 105 

386 ± 91 

313 ± 76 

370 ± 56 

7 Hours 

521 ± 96 

473 ± 45 

474 ± 64 

579 ± 115 

472 ± 106 

519 ± 86 

^ Theophylline meg /lOO CC of blood 




Table II — Blood Theophylline Levels Obtained from Absorption of Theophylline Preparations 

First from the Stomach and Then from the Remainder of the Gastrointestinal Tract of Rabbits” 




T 



30 Minutes 

1 Hour 

3 Hours 

7 Hours 

Theophylline 

115 ± 75 

172 ± 93 

318 ± 59 

587 ± 180 

Calcium theophyllinate 

57 ± 28 

161 ± 79 

414 ± 79 

580 ± 119 

Aminophylline 

93 ± 49 

144 ± 35 

428 ± 54 

688 ± 149 

Aminophylline-AlfOHls gel 

93 ± 30 

148 ± 31 

282 ± 20 

560 ± 182 

Aminophylline- A1(0H)3- 





ethyl aminobenzoate 

135 ± 23 

340 ± 220 

424 ± 182 

827 ± 216 

Choline theophyllinate 

157 ± 36 

319 ± 14 

654 ± 127 

724 ± 130 


‘ Theophylline mcg/100 cc of blood 


Table III. — Blood Theophylline Levels Obtained from Absorption of Theophylline Preparations 
First from the Stomach and Then from the Remainder of the Gastrointestinal Tract of Dogs" 


A 


Theophylline 
Calcium theophyllinate 
Aminophylline 
Aminophylline-Al(OH)3 
gel 

-'Vminophylline-Al( OH)3- 
ethyl aminobenzoate 
Choline theophyllinate 


30 Minutes 

420 ± 41 
507 ± 383 
545 ± 88 


I Hour 

508 ± 110 
715 ± 465 
905 ± 134 


2 Hours 

1044 ± 190 
1146 ± 398 
1569 ± 408 


— Time— 


3 Hours 

1238 ± 258 
1483 ±531 
1976 ± 538 


4 Hours 

1591 ± 343 
1618 ± 385 
2320 ± 450 


5 Hours 

1715 ± 345 
1495 ± 174 


2449 ± 418 


y 


530 ± 86 1045 ± 96 1215 ± 432 1549 ± 582 1670 ± 626 1662 ± 604 


760 ± 400 
654 ± 225 


1222 ± 456 
853 ± 298 


1227 ± 462 
1410 ± 248 


1998 ± 755 2061 ± 880 1962 ± 826 
1728 ± 294 1955 ± 429 2085 ± 403 


Theophylline meg /lOO cc. of blood. 
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alone; the subsequent levels are obtained from the 
entire gastrointestinal tract over a period of six and 
one-half hours. The results here, as in Table 1, 
show a wide spread of values, and no group is con- 
sistently superior. 

We repeated this same experiment using dogs, 
varying only in the increased dose of medication and 
obstruction of tlie stomach for a shorter period. 
The clamp at the distal end of the stomach was 
removed at the end of one hour and the experiment 
allowed to continue for five hours. There is like- 
wise significant absorption from the dog stomach 
during the first hour which continues from the 
remainder of the gastrointestinal tract. The re- 
sults, as shown for the six drugs in Table III, appear 
to fall in the same pattern as the preceding experi- 
ments (Tables I and II). 

DISCUSSION 

In previous experiments with hospitalized pa- 
tients we showed that aminophylline tablets were 
readily absorbed. By the first hour all persons so 
tested had a definite blood theophylline level. 


However, with this dosage given the values ranged 
from 100 to 500 meg. per ml. of blood. 

In this experiment with rabbits and dogs there is a 
similarly satisfactory degree of absorption with all 
drugs tested. There is also the wide spread of 
levels within the groups using the same brand of 
preparation. 

There is no apparent superiority when the prepa- 
rations under test are given with the same theo- 
phylline content. Clinically it has been observed 
that the various combinations and modifications of 
aminophylline give no great superiority over the 
basic material. No real therapeutic advantage can 
be claimed for the various additives. 
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Notes 


Note on the Alkaloids of Methysticodendron amesianum* 

By fRWIN J. PACHTER and ALICE F. HOPKINSON 


H ick in the Colombian Andes, in the geographi- 
cally isolated valley of Sibundoy, grows a rare 
and beautiful narcotic tree employed by the Inga 
and Kamsa Indians in their witchcraft. The tree, 
Mcthyslicodcndron amesianitm, was described in 1955 
by Professor R. E. Schultes (1) who held that it is a 
member of a hitherto undescribed genus of the 
Solamccac. The Indians classify the plant together 
with other intoxicating solanaceous plants of the 
region, but find that it is even more potent and 
dangerous than the tree species of Datura. A de- 
scription of the intoxication indicates that the princi- 
ples are alkaloids of the tropane series (1). 

In the hope that this unexplored genus might yield 
new tropane alkaloids of greater potency and utility 
than those known, supplies of the plant w'ere ob- 
tained from Colombia for study.’ 

Prolonged extraction with hot ethanol caused ex- 
tensive decomposition of the alkaloidal principles. 


* Received July 8, 1960, from the Research and Develop- 

ment Division, Smith Kline and French Laboratories. 
Philadelphia 1, Pa, _ , 

I Presented at the Conference of Plant Chemists, Bethesda, 
Md., October 17, 1958. 

* The authors are grateful to Professor R. E. Schultes of 
Harvard University, Cambridge, Mass, and Dr, J. M. 
Idtobo of Bogota, Colombia, for supplies of authentic plant 
material. 

_.Votf added in proof. After this manuscript was^ sub- 
’’ylted, Professor ^hiiltes informed us that a mesis ^ 
Methysticodendron amesianum has been ivritten by J, F. 
Theilfcuhl of the Universidad Nacional de Colombia. 


It is of interest, in this connection, that the Indians 
prepare infusions of the leaves with cold water, 
heating slightly just before administration. The 
liquid is never allowed to boil (1), 

Continuous extraction with cold ethanol followed 
by concentration in vacuo and standard processing 
yielded crude alkaloidal material in 0.3% yield. 
Paper chromatography showed the bases to consist 
of one very major alkaloid and three minor alkaloids. 

The total alkaloid mixture was tested pharma- 
cologically and was found to produce biological 
effects which were practically identical, both quanti- 
tatively and qualitatively, with those produced by 
/-scopolamine. 

Treatment of the mixture with picric acid in 
methanol yielded /-scopolamine picrate from which 
the pure base was generated. The alkaloid was 
identified through comparison of its infrared spec- 
trum and its hydrobromide, hydriodide and methio- 
dide derivatives with those of authentic /-scopol- 
amine. 

From the picrate mother liquors, mixed residua! 
bases were isolated. Paper chromatography indi- 
cated that the same four bases were present, /-scopol- 
amine and one other now being predominant. 

The second predominant alkaloid proved to be 
atropine. It was not isolated but was identified 
through comparison of its Rp values in three solvent 
systems with those of atropine. 

The two minor bases were not identified. 


624 


Journal of the American Pharmaceutical Association 


Vol. 49, No S 


dissolve readily, but the hydrochlorides or sulfates 
of the alkaloids and sugars dissolve quite slowly 
In these cases the flask was shaken in a mechanical 
shaker for a few hours, and if necessary warmed to 
50-60° in order to achieve complete solution 
The solution was then brought to volume and 
mixed Because of their lower viscosity, solution 
was more rapid in pyridine and the ammo alcohols 
than in quinoline or isoquinolme The solutions 
should be protected from strong light during prepara- 
tion and handling, and should not be allowed to 
stand for longer than twenty-four hours before tak- 


ing the rotation, otherwise oxidation of the solveni 
with subsequent darkening, will result 

The result of this study is presented in Table I 
Of the 32 compounds and 10 solvents studied, a 
least twelve of the solutes exhibited the highes 
rotation in quinoline, and five in isoquinoline Th 
effect of quinoline on the rotation of ascorbic ad 
and of colchicine is most striking. The rotation ( 
the former is magnified fourteenfold as compare 
with that in water, while the high specific rotatio 
of colchicine (about 425°) in aqueous solution i 
reduced, in quinoline, to less than one-twentieth ( 
this value 


Communication to the Editor 


Color Selection for Uncoated Tablets* 


Sir: 

Selection of acceptable colors for uncoated 
tablets is difficult for several reasons: (a) It is 
difficult to obtain uniquely colored tablets unless 
two or more colorants are blended This 
blending process is rather haphazard and verj' 
time-consuming (5) Man)^ of the approved 
colorants do not exhibit desirable light stability, 
(c) The status of several commonly used FD&C 
and D&C dyes and pigments is uncertain 

With these limitations in mind, it was desirable 
to prepare a tablet color bank using light- 
stable pigments whose status is unquestioned. 
Since red, blue, and yellow are the primary 
colors, it is theoreticall)’- possible to obtain any 
desirable hue by blending these colors Thus, it 
was reasoned that three colored granulations 
could be used to prepare tablets of any desired 
hue. Because only light-stable pigments would 
suffice, the following D&C colors were selected: 
Blue No. 6, Red No. 35, and Yellow No. 11 (1). 

Three separate wet granulations of these 
primary colors were prepared containing 0.1 per 
cent blue, 0.1 per cent red, and 0.2 per cent yellow 
pigments. Sieve analyses showed that 92 per 


cent of these colored granulations passed throug 
a 100-mesh screen (2). 

A number of small batches of tablets containing 
varying ratios of two of the three prifflar 
granulations were prepared. Pigment ratio 
varied as follows: yellow 1 part:red 
parts, red 1 part: blue "Ai to 4 parts, andyellon 
1 part: blue V 43 to 2 Vs parts. All of thesf 
combinations gave evenly colored tablets ffitl 
different hues Tablets with less intense color 
were also prepared by diluting the blende 
granulations with noncolored ones. In som 
cases the dilution was 1 :20. 

This approach is useful for preparing a rainboi 
of pastel colored tablets. When a hue has bee 
selected, subsequent tablet batches can b 
prepared by combining the pigments in th 
desired quantities and granulating in the cor 
ventional manner. 


( 1 ) Tucker, S J.. Nicholson, A E , and Engelbert, H 
This Journal, 47, 849(1958) 

(2) Tucker, S J , and Hayes, H M , tbtd , 48, 362 (19ay 


Henry C. Caldwel 


Smith Kline and French Laboratories 
Philadelphia, Pa 

*Received August 4, 1960 




Book Notices 


"he Neiirochcmistry cf Nucleolides and Amino Acids. 
Edited by Roscoe O. Brady and Donald B. 
Tower. John Wiley & Sons, 440 Fourth Ave., 
New York 16. N. Y., 1960. xii + 292 pp. 14.5 
X 23 era. Price $10. 

This book covers the symposium of the Section on 
^eurochemistry of the American Academy of 
Neurology held April 24-25, 1958. Papers are 
ollowed by discussions, with a general summary dis- 
ussion. Author and subject inde.\es are appended. 

Staining Procedures. 2nd ed. Revised by H. J. 
Conn, Mary A. Darrow, and Victor M, Emmel. 
The Williams & Wilkins Co., 428 East Preston 
St., Baltimore 2, Md., 1960. xii + 289 pp. 15 
X 23 cm. Paperbound. Price $5. 

This is an authoritative compilation of staining 
jrocedures used by the Biological Stain Commission, 
University of Rochester Medical Center. The pro- 
:edures are not intended to be considered as stand- 
ird or official but they are presented in a stand- 
irdized style for the convenience of users. A given 
procedure is frequently one of a number of ways of 
pbtaining good staining results. However, one can 
rely on the tested methods described. A bibliog- 
raphy and subject inde-x are appended. 

iiueleoproteins. Edited by R. Stoops. Inter- 
science Publishers, Inc., 250 Fifth Ave., New 
York 1, N. Y., 1960. 364 pp. 16 X 24.5 cm. 
Price SIO.SO. 

This book records the proceedings of the eleventh 
Solvay conference on chemistry held June 1-6, 1959, 
at Brussels, Belgium. Paper titles are: Le role 
biologique des acides nucleiques. Molecular struc- 
ture of deoxyribonudcoproteins. Constitution of 
histones, Les propriet^s physiques de I'acide d6- 
soxyribonuclfiique en solution. Heterogeneity of 
nucleic acids and effects of chemical and physical 
agents. Nucleic acids of microorganisms. Biosynthe- 
sis of ribonucleic acid. Formation of helical poly- 
nucleotide complexes. Structure of RNA containing 
viruses, and Chemical synthesis of polynucleotides. 
Each paper is discussed and a general discussion is 
included. No index. 

Radioactivity for Pharmaceutical and Allied Research 
Laboratories. Edited by Abraham Edelmann. 
Academic Press, Inc., HI Fifth Ave., New York 3, 
N. Y., I960, xii + 171 pp. 13 X 20.5 cm. 
Price S6. 

, This little book includes the papers presented at a 
|ymposium sponsored by Nuclear Science and En- 
pneering Corporation. Subjects discussed include: 
(Effects and utilization of ionizing radiation; Princi- 
ples, methods, and areas of usefulness of radio- 
activity in the pharmaceutical and allied sciences; 
assays, product development, drug absorption, and 
excretion; and Radiobioehemistry in the pharma- 
ceutical industry. The isotope development pro- 
gram of the Atomic Energy Commission is reviewed. 


Advances in Pest Control Research. Vol. 3. 
Edited by R. L. Metcalf. Interscience Publish- 
ers, Inc., 250 Fifth Ave., New York 1, N. Y., 
1960. vii -f 448 pp. 15.5 X 23 cm. Price 
$14.60. 

This third volume of the series continues the 
excellent reporting in this special field. Volumes I 
and II were reviewed, respectively, in This Jour- 
nal, 47, 230(1958), and 48, 258(1969). 


The Search for New Antibiotics. By G. F. Gause. 

Yale University Press, New Haven, Conn., 1960. 

X -h 97 pp. 14 X 21.5 cm. Price $4.75. 

This second volume in the Trends in Science pro- 
gram is based on a lecture in December 1959 by G. F. 
Gause, Director of the Institute of Antibiotics of the 
Academy' of Medical Sciences, Moscow, U. S. S. R. 
Principles which are known and represent the scien- 
tific basis of the search for new antibiotics are given 
by Gause as : A general microbiological approach to 
the geography and ecology of microorganisms pro- 
ducing antibiotics; Early classification of micro- 
organisms in the screening program; and Develop- 
ment of new test organisms for rapid detection of 
specific selective inhibition of some biochemical 
mechanisms, as illustrated by the search for poten- 
tial anticancer products. 


British National Formulary I960. Alternative 
Edition. The British Medical Association and 
the Pharmaceutical Society of Great Britain. 
The Pharmaceutical Press, London, England, 
1960. Obtainable in the U. S. from The Ritten- 
house Bookstore, 1706 Rittenhouse Sq , Phila- 
delphia, Pa. 292 pp. 10.5 X 16.5 cm. Price 
$1.75, interleaved $2 25. 

This "alternative” edition of the B. N F. 1960 
contains much of the same information as does the 
standard edition; but the arrangement of the drug 
section in this edition is based on a pharmacological 
classification These books are intended as guides 
in prescribing. 

An Introduction to Pharmacology. By J. J. Lewis. 
E. and S. Livingstone Ltd., Edinburgh and Lon- 
don, 1960. Exclusive U. S. agents. The Williams 
& Wilkins Co., 428 East Preston St., Baltimore 2, 
Md. xii -}- 826 pp. 14X21.6 cm. RriceSll. 
This book stresses the site, mode, and type of 
action of drugs, with attention to chemical structure 
and action relationships. It indicates the lack of 
knowledge of modes of action of some of the most 
widely used drugs and develops the text material to 
inspire further research. This is to be expected 
from an author who is still actively engaged in re- 
search in this field. The text material is presented 
in an interesting manner, omitting details available 
in more comprehensive publications. It is a good 
review and reference book. 
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Aids to Biochemistry. 5th ed. By S. P. Datta and 
J. H. Ottaway. BailH&'e, Tindall and Cox, 
London, 1960. Exclusive U. S. agents. The 
Williams & Wilkins Co., 428 East Preston St., 
Baltimore 2, Md. viii + 266 pp. 10 X 16 cm. 
Price $3.75. 

This compact book is based on the lecture course 
in biochemistrj' for preclinical medical students at 
University College, London. 

Biochemistry of Steroids. By Erich Heftmann and 
Erich Mosettig. Reinhold Publishing Corp., 
430 Park Ave., New York 22. N. Y.. 1960. xi + 
231 pp. 15 X 23 cm. Price $5.75 college, $6.90 
trade. 

This book is designed as a brief introduction to the 
biochemistry of steroids in which organic chemistry 
is kept as simple as possible. It is intended for 
students and for organic chemists in the pharma- 
ceutical industry. Arranged for understanding of 
biogenetic relations, the chapter heads are: Choles- 
terol, Sterols, Vitamin D group, Steroid sapogenins 
and alkaloids. Cardiac glycosides. Bile acids. Proges- 
terone, Corticosteroids, Androgens, and Estrogens. 
Each class is presented in monograph style. An 
extensive bibliography and an index are appended. 

The Metabolism of Cardiac Glycosides. By S. E. 
Wright. Charles C Thomas, 301-327 East 
Lawrence Ave., Springfield, 111., 1960. viii + 
86 pp. 15 X 23 cm. Price $4.75. 

Much of the information in this book has been ob- 
tained since the development of sensitive methods 
of analysis, paper chromatographic techniques, and 
the availability of radioactive glycosides. The text 
material covers the chemical nature, structure, and 
pharmacological action of cardiac glycosides; their 
absorption, distribution, and excretion, and then- 
metabolites. 

Pretis de Chimie Ginerale et de Chimie Minerale. 
Vol. 2. By L. Domange. Masson et Cie., 120, 
boulevard Saint-Germain, Paris 6', France. 
1959. viii 317 pp. 16 X 21 cm. Price 27 
NF. 

This second volume (in French) considers the ele- 
ments of general chemistry (thermochemistry, 
equilibria, etc.), generalities of metals and their com- 
pounds, and descriptions of the metals and then- 
compounds. Volume one was reviewed in This 
Journal, 48, 426(1959). 

The Pharmaceutical Pocket Book. 17th ed. The 
Council of the Pharmaceutical Society of Great 
Britain. The Pharmaceutical Press, 17 Blooms- 
bury Square, London, England, 1960. Obtain- 
able in the U. S. from The Rittenhouse Book- 
store, 1706 Rittenhouse Square, Philadelphia, Pa. 
xii + 576 pp. 12 X 18.5 cm. Price 30s. 

This edition, the seventeenth, of the book of 
general information for pharmacists is the first re- 
vision under the new (1959) Department of Pharma- 
ceutical Sciences of the Pharmaceutical Society of 
Great Britain. The text material reflects the 
modern conditions in this field. 


General Chemistry — Laboratory Manual. By Garth 
L. Lee and Harris O. Van Orden. W. B. 
Saunders Co., West Washington Square, Phila- 
delphia 5, Pa., 1960. V -f 217 pp. 22 X28 cm. 
Paperbound. Price $3.75. \ 

This manual of laboratory experiments is de- \ 
signed for students of general chemistry. Although • 
no relating statement is made, the coverage of ma- 
terial is as broad as that in the textbook on the same 
subject by the authors of the manual. 

Cahiers de Synthlse Organique. Vol. 6. Methodes 
et Tableaux D’Application. Edited by Leo.v 
Velluz. Masson et Cie., 120, Boulevard Saint- 
Germain, Paris VI', France, 1960. 417 pp. 16 
X 22 cm. Price 120 NF. 

This volume considers: Rearrangement of carbon 
structures. Functional migration between carbons. 
Functional migration between heteroatom and car- 
bon, and Migration of carbon radicals between 
heteroatoras. Each section starts with a tabulation 
of chemical structures involved. This is followed 
by discussion of principles, mechanisms, applica- 
tions, and reactions. A tabulation of functional 
groups and molecular arrangements created by deg- 
radation or transposition of compounds considered 
in vols. 5 and 6 is appended. 

Documenta Geigy. Scientific Tables. 5th ed. with 
suppl. S. Karger, Basle, Switzerland, and New 
York, N. Y., 1959. Available in the U. S. from 
Albert J. Phiebig, P. O. Box 352, White Plains, 
N. Y. 547 pp. 16 X 23.5 cm. Price including^ 
postage and excliange $14.45. 

This is the fifth edition of data compiled to provide 
the physician and researcher with basic scientific 
data in the fields of medicine, biology, chemistry, 
physics, and mathematics. Much useful informa- 
tion is concisely presented, much of it in tabulations. 
The table of usual and maximal doses is not suffi- 
ciently inclusive because it omits drugs that are in 
the N. F. Thus, it includes British drugs from the 
British Pharmacopoeia “or the British Pharma- 
ceutical Codex”; however, the U. S. drugs are U. 

S. P. but not “or N. F.” Since doses are given as 
they appear in the B. P. or B. P. C., U. S. P., P. I- 
(International Pharmacopoeia), etc., a complete 
comparison is not presented. A supplement covers 
constituents of living matter, metabolism, synthesis 
of cell constituents, and detoxication meclianisms. 
Included are nomograms for assessing body surface 
areas of children and adults. This is useful in the 
determination of therapeutic dosage. 

Encyclopaedia of Microscopic Stains. By Edward 
Gurr. The Williams & Wilkins Co., 428 East 
Preston St., Baltimore 2, Md., 1960. xi -f- 498 
pp. 15 X 24.5 cm. Price $18.50. N 

This is a reference book and a laboratory guide on ' 
the applications, structures, composition, molecular 
weights, and properties of most of the important j 
dyes and other substances used for staining micro-' 
scopic tissue preparations. The major portion of 
the book (421 pages) is an alphabetical monograph 
arrangement of stains, indicators, etc. The ap- 
pended general index is helpful. 
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A Kinetic Study of Barbital Degradation in an 
Ammonia Buffer System* 


By J. E. GOYAN, Z. I. SHAIKH, and J. AUTIAN 


The kinetics of the degradation of barbital 
in an ammonia buffer have been studied. 
The various species taking part in the parallel 
reaaions leading to decomposition have been 
taken into account by means of equilibrium 
constants and, from this, the various second- 
order rate constants have been calculated. A 
possible mechanism for the reaction corre- 
sponding to known amide hydrolysis mech- 
anisms is postulated. 


The total ionic strength was adjusted to I 0 with 
potassium chloride in each case. The samples were 
sealed in 10-cc ampuls and kept in a constant tem- 
perature water bath at 40, 50, 60, and 65 ± 0. 1 
The reactiqn followed a pseudo first-order course 
since the log of the absorbance plotted vs. time was 
a straight line. Table I gives the pseudo first-order 
rate constants for the different samples, determined 
by the method of least squares. 


DECOJiiPosiTioN of barbiturates in aqueous 
solutions has been recognized for many years 
(1). The various intermediates have been 
postulated and isolated (1-4). The rate studies, 
however, have been of a semiquantitative nature 
and it was felt that a quantitative study of tire 
kinetics of the decomposition was needed. 


experimental 


Materials and Apparatus. — Barbital, U. S. P. 
grade, was recrystallized before use (m. p. 189- 
190°), all other chemicals were reagent grade. A 
Beckman mode! DU spectrophotometer and a Leeds 
and Northrop model 7664 pH meter were used. 

Assay. — ^The concentration of barbital was fol- 
lowed by determining the absorbance of a 2-cc. 
sample of the experimental solution, diluted to 100 
cc. with ammonia buffer (pH 9.5), at 239 uift. The 
spcctrophotometric method was chosen since it is 


,ripid and the products of the degradation do not 
(interfere with the determination (2, 5). 

V Concentration of Barbital as a Function of Time. — 
inples of barbital (0.1% w/v final concentration) 
"ere made up at four different pH values (approx 
pH 8.5, 9.0, 9.5, and 10) using four different concen- 
trations of ammonium chloride for each pH value 


* Received December 7, 1959, from the College of Phar- 
!?'■ Un'v.ersity of Michigan, Ann Arbor. 
iTescnted to the Scientific Section, A Pii A . Cincinnati 
“'rting, August 1959. 


DISCUSSION 

In order to separate the different factors in the 
degradation, it is necessary to take into account the 
different forms which are present in an aqueous 
solution of a barbiturate. Calculation of the con- 
centrations of the different forms shows that only 
the unionized and first ionic forms are important at 
pH values between 8 and 10.* 

The rate of degradation of the barbiturate, there- 
fore, is dependent on the concentration of these two 
forms and probably the amounts of acid and base 
present. This expectation may be formulated as 
follows: let x = unionized barbiturate, y ~ ionized 
barbiturate, s = total barbiturate. H"*" »= hydronium 
ions, OH" = hydroxide ions, A — acidic form of the 
buffer, B = basic form of the buffer, —v — rate of 
disappearance of various forms, k — second-order 
rate constants for the various possible reaction 
paths, [ ] denote concentration and ( ) denote 

activity,/ = activity coefficient of the various forms, 
and K = pseudo first-order rate constant. Then 


* By writing out the different equifibria taking place in tbc 
solution and using the principle of electrical neutrality, it is 
possible to get three equations in the three unknown forms 
of the barbiturate Solving, one obtains for the fraction in 
the second ionic form 

o ^ KiKj 

KiK, + (HU* -t- KilHU 

Using the approximate value of Ki given by Butler, el al. 
(C), one finds that the fraction is less than O.Oi at pH 10, 
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Table I — Pseudo First-Order Rate Constants for the Degradation of Barbital 


40° C . . S0° C . . 00° C. . . 05° C 


NH4'". 

pH. 

25° 

IV V. 

K. 


pH. 



K, 


pH. 


K, 


pH, 

— vv 

A’, 


M 


days 


25° 


Days 

-1 

30° 

Days 

-1 

30° 

Days“> 

0 

1704 

8 

60 

0 

97 

X 

10-2 

8 

60 

2 

69 

X 

10-2 

8 

.50 

7.42 

X 

10-2 

8.60 

1.13 X 10- 

0 

3408 

8 

60 

1 

01 

X 

10-2 

8 

60 

2 

81 

X 

10-2 

8 

50 

7.84 

X 

10-2 

8.60 

1.14 X 10- 

0 

5112 

8 

60 

1 

03 

X 

10-2 

8 

60 

3 

01 

X 

10-2 

8 

.50 

8.17 

X 

10-2 

8.60 

1.19 X 10- 

0 

6816 

8 

60 

1 

09 

X 

10-2 

8 

60 

3 

10 

X 

10-2 

8 

50 
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using the usual formulation for general acid-base Using this information we may rewrite Eq. 7 
eatalysis (7) follows: 


— Fi 




k.'-lx] + k,"*\x\[H^\ + -f 

k,^[x\{A\ + ks'^[x\[B\ (Eq. 1) 

Vty] + V'-"b'l[H+l -t- fe„o"-[yl[OH-i -\r 

Vb’lMI +*/bllSl (Eq 2) 


Preliminary experiments indicated that no deg- 
radation of barbital took place after hfteen days in 
0 1 hydrochloric acid solution at 60° From these 
results it may be assumed that the reaction rate 
constants kt" and fei" are negligible in comparison 
with the other constants and thus may be elimi- 
nated If this is the case, then ki‘'- may also be dis- 
regarded 


ccK = -F -I- y&„”+Aa[H + ] -f 

^„o»-A„A.,[l/H + ] -t- 

[k.’^KA-p -f kpK^ + /t„BAAAa°[l/H+]| [d] 

(Eq 

This equation shows that a plot of A vs. Ml 
should be a straight line with slope m and y axis 
intercept of b. 

A typical plot is shown for 40° and several pH 
values, in Fig. 1. In order to interpret the results , 
further it is necessary to find values for the different 
dissociation constants and activity coefficients..-' 


Now bl -t- bl = [al 
and a; H -t- y 


Ka 


_ (H-^-Xy) _ [H + lbl /nV„ 


(*) la] - bl /x 
since /i = 1, and defining // i+Jk — P gives 
[H + lbl 


Ka 


solving for y 


bl = 


[a] - bl 

Ka[z\ 


P 


Ka+[H^]P 


(Eq. 6) 


similarlj' 


Ka + [H + ]/= 


ccK = k.o^-Ku.p -f kP\H*]\B]P -F ky’KA + 
V'+-^7a[H + ] -F A„°"-Aa[OH-] -F 


pH 960 


(Eq 3) 


(Eq. 4) 


X 


(Eq 6) 


setting; —Vi — Vy = —Vz and letting a = Ka + 
[H + ]/^, and also noting that —Vz/[z] = A, and com- 
bining 



02 03 04 

NH.Ma/) 


^p'*-Aa[x 4 ] + ^p®Aa[5] (Eq. 7) Fig. 1. — Pseudo first-order rate constants plotted 

versus ammonium ion concentration at 40 . , 

Further simplification of the abox^e equation may J 

take place if the buffer dissociation is considered x 


Ka' = 


, _ (B)(H+) 


(.A) 


[S|[H + ]/u+,, 

-wr U 


(Eq. 8) 


The dissociation constants for the ammonia buffer 
sj'stem were calculated from (8) 


pK'a = - 0.632 -F 0.001225r (Eq. 10) 


define then Aa° = lB\[li'^]/{A]. 
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the dissociation constants for barbital by (9) 

pKa = - 3 349 +0 01186 T (Eq 11) 


and the only reasonable fit to the data was obtained 
from the equation 

F = i, + fe[l/H+l (Eq 16) 


and (10) 

pK,c = — ^ - 6 088 + OOlTOer (Eq 12) 

The detcrniination of the activity coefficients was 
a more difficult task Individual ionic activities 
arc, of course, not defined However, reasonable 
values for them can be estimated and used (11) 
The value for Jy was adopted from the paper by 
Krahl (12) The activitv coefficients for iNH,+) 
and [H + ] were estimated using the Maclnnes as 
sumption (13) and data on the mean ionic activities 
of ammonium chloride, dilute hvdrochloric acid, 
and water given in Harncd and Owen (14) The 
approach using hydrochloric acid gave a value of 
0 ^ for/;i+ Using water, a value of 0 85 was ob 
tamed We used a value of 0 87 m our work We 
assumed a decrease of 0 01 unit to take place between 
50 and 60 ^ 

Inspection of Eq 9 shows that 

am = + ky^KA + + l 

(Eq 13) 

and 

ab = ky^Ki + + l + 

A„o»-A'xA'„[l/H+l (Eq 14) 

The hjdrogcn ion concentration was calculated 
using Eq 8 It was solved at 25° to obtain Cb 
knowing the pH Then with known Ca it was pos 
sible to solve tor hv drogen ion concentration at the 
other temperatures, using the appropriate values of 
Ka' and activity coefficients 

Equation 14 can be written in the form 

y = + fe[H + l + fall/H^l (Eq 15) 

Attempts to fit this curve b> the method of least 
squares gave a negative value for one of the con 
slants One constant at a time was then dropped 


It was therefore assumed that is equal to 
zero and consequentlj k/'- is also zero This ap 
pears reasonable since ^ and k ^ ■' are zero Table 

II contains the values of and is calculated bv the 
method of least squares The values for ky°^~ are 
also calculated and giv'eii in Table II Unfortun 
atelj , it contains both i/ and ki°^~ , however, it is 
reasonablj certain that ii^““ is much greater than 
i/, and i/ is therefore neglected The values for 

are calculated and given in Table II 

Equation 13 is of the tj pe (after ky^ is dropped ) 

y = is + is[I/H+] (Eq 17) 

The values of ii and i„ were obtained bv the method 
of least squares and the values of iy® and ii® calcu 
lated from these The vmlues are given in Table 

III 

Arrhenius type plots of log i as l/T are shown in 
Figs 2-5 The following activation energies arc 
found from these figures EA{ki^) = 16 0 X 10®, 
Eafi/) = 16 2 X 10®. EA(k^°^-) = 14 9 X 10®, 
and £a(ii,°®*~) = 11 4 X 10®, all in calories per 
mole 

Effect of Ionic Strength.-~The effect of ionic 
strength on a reaction such as this is difficult to 
predict since there are apparentlj four different 
parallel reactions The final equation maj be re- 
written in terms of the theory of absolute reaction 
rates as follows (15) 


aK = irO»-A„ + 


2/oh /i 


+ i,®lH+][B) + 


+ kyBKAlB]^^^ + VH-AalOH-l-^i^ 

/?* 


(Eq 18) 


The activitv coefficient ratios tor the first three 
terms ma> be dropped since the activitj coefficient 
for the activated complex should be approximately 
equal to the activity coefficient of the numerator 


Table II — b Analysis 


”0 

hA 

it If 

A.Aivw 

ki 


kz 


/" 

40 

1 66 X 10-® 

2 92 X 10->® 

4 85 X 10-’® 

1 90 X lO-'o 

2 

42 X 

10 -so 

0 41 

50 

2 04 X 10-* 

5 48 X 10->* 

11 IS X 10-®= 

6 88 X lO-'" 

I 

03 X 

10-'® 

0 41 

60 

2 63 X 10“® 

9 61 X 10-'® 

25 27 X 10-=® 

2 60 X 10-® 

3 

79 X 

10-19 

0 40 

05 

2 95 X 10-® 

1 29 X 10-'® 

38 08 X 10-®= 

Iv OH' 

A+Aa 

4 42 X 10-» 

7 

60 X 

10-1® 

0 40 



/. “C 

(L moles"* days"*) 

log ky^^~ 


40 

4 99 X 10' 

1 70 


50 

9 23 X 10' 

1 97 


60 

1 SO X 10® 

2 18 


65 

1 99 X 10= 

2 30 

(, ° C 

assuming i 

iC„/® 

kyOW- 

(L, moles-' days”') 

log kx°>'~ 

40 

1 20 X 10-'® 

1 58 X 10® 

4 20 

50 

2 24 X 10->® 

3 07 X 10® 

4 49 

60 

3 84 X 10-'® 

C 77 X 10® 

4 83 

65 

5 17 X 10-'* 

5 17 X 10® 

4 93 
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° c 

Ka 


Koa 

k. 


H 

/' 

40 

1.66 X 

10 

9.73 X 

10-“ 2.72 X 

10'" 

8.97 X 10-» 

0.41 

50 

2.04 X 

10'* 

1.82 X 

lO-* 2 03 X 

10-10 

4.00 X 10-“ 

0.41 

60 

2.63 X 

10 -* 

3.12 X 

10-» 4.37 X 

10-10 

2.28 X 10-“ 

0.40 

65 

2.95 X 

10'* 

4.26 X 

10-® 13.85 X 

10-10 

4.28 X 10-'* 

0.40 




!, ° C. 

KaKoa 


CL. moles"* days"*) 

— log kyii 




40 

1.616 X 10-" 


5.55 X 10-* 

2.26 




SO 

3.713 X 10"" 


1.07 X 10-2 

1.97 


KaK^a 


60 

8.389 X 10-" 


2.72 X 10-2 

1.57 




65 

12.55 X 10-” 


3.41 X 10-2 

1.47 







kzl 





t. ° C. 

KoaP 


(L. moles"* days"*) 

— log kx^ 




40 

3.98 X 10-‘» 


6.83 X 10-2 

1.17 


h 


50 

7.47 X 10->» 


2.72 X 10-' 

0.57 




60 

1.25 X 10-s 


3.49 X 10-' 

0.46 




65 

1 70 X 10-» 


8.15 X 10-' 

0.09 



i/r X 10’ 

Fig. 2. — Arrhenius type plot for 

The activity coefficient term in a may be ignored as 
long as Ka is larger than H+. Asa first approxima- 
tion the activit}' coefficients may be substituted 
with the appropriate value from the Debye Hiickel 
limiting law and the derivative of log K with respect 
to the square root of ionic strength may be 
taken. This gives 

tfiogA: -Ciio-vA-f aiovi; 

-dVT “ G 10- Vii -t- G lOVg 

Where Ci and C 2 are the appropriate lumped con- 
stants. At a pH of 9.40 and 60°, using the appro- 
priate constants, a value for the derivative of Eq. 
19 was found to be a small negative number. Thus, 
rate of the reaction should fall off slowly with in- 
creases in ionic strength under these particular con- 
ditions. The values for this particular experiment 
were determined and are given in Table IV. Table 
IV shows that the decrease is indeed slow and the 
equation is at least approximately correct. The 
effect of ionic strength is thus qualitatively predict- 
able from this approximate equation. 

Mechanism. — There are several interesting as- 


Table I\’. — The Effect of Ionic Strength" 


Vm 

k X 10>, hr.-i 

0.45 

4.45 

0.630 

4.35 

0.775 

4.28 

0.895 

4.23 

1.000 

4.18 


o 00° C., pH 9.40. 


2 20) 


o 

o 


100 



280 290 300 310 320 330 340 350 

1/r X io> 

Fig. 3. — Arrhenius type plot for 


pects to this degradation. The apparent lack of 
acid catalysis is surprising in view of the known 
acidic hydrolj’sis of many other amides (16, 17). 
This may be explainable in terms of the very weak 
basicitj' of the imide structure. Attempts to titrate 
barbital in nitromethane with perchloric acid, ac- 
cording to the method of Streuli (18), failed, indi- 
cating that barbital is a weaker base than acetamide. 
Since protonation is probably an important step in 
the acidic catalysis of amide hydrolj'sis (16, 19) this 
weak basicity of the barbital may account for our 
inability to show acidic catalysis. 
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Fig 4 — Arrhenius Upe plot for ii® 


H H 



0 0 0 

H^n-C-C-C-N-C > PRODUCTS 

A H ''0_ 


Fig 6o — Hj drolj sis mechanism of unionized bar- 
bital 





Fig 5 — Arrhenius tjpe plot for ity® 


The basic hjdrolysis of the unionized species can 
be formulated along knonn path\va>s as shown in 
Fig 6(1 

The hj drolysis of the ionized species w ould prob 
•iblvbe at the 4 (or 6) position because of the reso 
nance shown in Fig 6ii Hj drolj sis at this position 
‘ 'lould, of course, lead to different products It is 
! interesting to note m this connection that Fret 
\ " iirst (4) found that the concentration of diamidc 
\(tlie product of hj drolj sis of unionized barbiturate) 
decreased when the concentration of base was in- 
creased Further work in an attempt to substanti 
nte these mechanisms is in progress 
The catalj sis bj ammonia is also rather surprising 
Fcrliaps it can be accounted for bi Msualizing a re- 
action similar to the ammonohsis of an ester (20) 


The product of the reaction jvould be quite unstable 
and a means of verifjing this possibilitj' appears 
rather difficult 


SUMMARY 

1 The rate of degradation of barbital has 
been shojvn to follow a pseudo first-order reaction 

2 The rate constants for the various parallel 
reactions which take place have been isolated 
and evaluated 

< The possible mechanisms of the vanous 
reactions are discussed 
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Heating and Cooling Rate Coefficients and Related 
Factors Affecting Procedures for Tablet Shelf 

Life Prediction* 

By STUART P. ERIKSEN, GEORGE M. IRWIN, and JOSEPH V. SWINTOSKY 

Data are presented for the heating and cooling rate coefficients of tablets under the 
usual conditions of exaggerated temperature hot air oven stability studies. The in- 
terrelationships of tablet composition, container dimensions, the drug activation 
energy and the probability factor of the Arrhenius equation, the storage oven tem- 
perature, time of storage, and sample heating and cooling rate coefficients are noted 
as they influence the programming and results of short term, high temperature ■ 
thermal degradation studies. Also discussed is the possible influence of other fac- 
tors within the control of the development pharmacist which may affect the validity 
of exaggerated temperature thermal drug degradation data used in room tempera- 
ture shelf life prediction of products. 


' I *His PAPER describes a quantitative study of 
the effects of tablet size, coating, bottle 
size, position in a bottle, and position in a carton 
on the heating and cooling characteristics of 
tablets ; also discussed are how the tablet heating 
and cooling characteristics, storage oven opera- 
tion and temperatures, and other matters per- 
taining to the programming of an exaggerated 
temperature stability study may influence the 
accuracy of shelf life predictions of drugs in 
tablets. 

An awareness of these factors as they affect 
the heating and cooling behavior of tablets in 
commercial containers is important because: 
(a) during the development of new tablet 
formulations, exaggerated temperature stability 
studies are usually conducted in containers of 
size and closure corresponding to those antici- 
pated for the marketed product, (6) exaggerated 
temperature stability studies usually employ 
rooms or air ovens at temperatures ranging 
from 30 to 85° for periods as short as several 
hours to as long as several years, (c) the best use 
of the chemical kinetic approach to shelf life 
prediction requires accurate knowledge of the 
time and temperature of exposure of each 
tablet analyzed, (d) analysis of a tableted drug 
frequently is performed on only a fraction of the 
tablets in a given bottle or carton, and (e) 
during transit and storage, pharmaceutical 
products frequently receive short term exposure 
to temperatures appreciably’- higher or lower 
than normal room temperature. 

In an earlier report (1) it was suggested that, 
in exaggerated temperature studies, errors in 


* Received November 25, 1959, from the Research and De- 
velopment Division of Smith Kline and French Laboratories, 
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the estimation of product shelf life might result if 
no eonsideration was given to the slow heating 
and cooling processes characteristic of most 
pharmaceutical solids. It was proposed that 
an estimate of exaggerated ov’en temperature 
storage time errors involved could be calculated 
on the basis of an “equilibrium temperature 
time equivalent’’ (ETTE). This is an expression 
for the actual storage time of a product at a 
given temperature corrected for the effects of 
the finite times required for heating or cooling 
to an equilibrium temperature. 

In our experimental work thermocouples were 
introduced into individual tablets, and their 
temperature histories were recorded as a function 
of time under conditions similar to those used 
for stability studies. From these data, the 
heating and cooling characteristics and the 
ETTE’s were determined for the tablets. Using 
the ETTE concept, calculations were made 
showing the magnitude of errors that can occur 
in studies of drug degradation and product 
shelf life when oven storage times are not cor- 
rected for the effects of the heating and cooling 
processes. Also, calculations -ivere made of the 
minimum oven storage times beyond which, 
under conditions similar to these studies, the 
storage time errors would be relatively insignifi- 
cant in the calculation of shelf life from short 
term exaggerated temperature analytical data. 

The study of the degree to which various 
factors influence tablet heating, cooling, and drug 
degradation, thus influencing the accuracy of 
chemical kinetic calculations of drug degrada- 
tion rates, should be helpful in the programming 
of accelerated studies of product shelf life. Also, 
these studies give an indication of the effects 
that temperature extremes may have on pack- 
aged pharmaceutical products during such expo- 
sure in transit and storage. 
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EXPERIMENTAL 

Thermocouples. — Polyvinyl coated, 26 gauge 
solid-wire, iron-constantan thermocouples were used 
for all measurements of tablet temperatures Ther- 
mocouple junction wires were twisted, welded with 
a small torch, and then were trimmed short. 

Recording Equipment. — A Minneapolis-Honey- 
uell "Electronik” potentioraetric recorder was used 
to record temperature as a function of time The 
span was so adjusted that temperature was recorded 
directly in degrees centigrade. All measurements 
were made using a crushed ice-distilled rvater refer- 
ence bath at 0°. Under the above conditions the 
temperature recording was correct to within 0 5% 
over a temperature span of 0 to 100°. 

Oven. — A large (27 cu. ft ), mechanically con- 
vected hot-air oven (Hotpack model 1204) was used 
for all storage studies. The temperature regulation 
of this oven showed a variation of less than ±2° 
Tablets. — ^Three different tablets were used' (a) 
Large pink sugar-coated convex vitamin tablets; 
Vj inch (1 27 cm ) diameter, ^/at inch (0 S6 cm ) 
thick, and 0 SO Gm. weight (6) Small gray sugar- 
coated convex calcium sulfate tablets; inch 
(0 95 cm ) diameter, ’’/at inch (0 56 cm ) thick, and 
0 43 Gm weight (c) Small uncoated convex as- 
pirin tablets; Vis inch (0 79 cm.) diameter, ’’/aa inch 
(0 56 cm.) thick, and 0 30 Gm weight 
The thermocouples were inserted into the tablets 
through holes (No 60) drilled radially, two-thirds 
the distance through the tablet The thermo- 
couples were sealed in the holes with a droplet of 
deKhotinsky cement (Fig 1) Several thermo- 
couples were inserted into uncoated tablets during 
the punching process, using a slotted die (Fig 2) 



Fig. 1. — Picture showing drilled tablets and place- 
ment of thermocouple. 


Containers. — Standard round amber-glass powder 
bottles (20,‘ 28,* 50, 60. 100, 120, 200, and 250 ml ) 
with plastic polyvinyl-cardboard lined screw caps 
acre used to hold tablet samples A one-fourth- 
, inch hole was drilled through the center of the cap 
) and liner to allow the thermocouple wire to be led 
\ into the tightly capped bottle The hole was 
' sealed and the wire and tablet held in place wdth a 
cork stopper (Fig 3). The tablet with the inserted 
thermocouple was placed in a desired position 
within the bottle. Then the remaining tablets were 
poured in and the cap was screwed tight. 

' The";i; were commercial 3- and V-dr vials 


Standard pasteboard cartons holding 12 bottles 
each were used for the carton tests In each case, all 
12 bottles contained the same type of tablets as those 
being measured, and the tablet being studied was 
located centrally in the bottle. The arrangement 
of the bottles in the carton is shown in Fig 4 
Reference to Fig 4 clarifies the designations; corner 
of carton (COC), side of carton (SOC), and interior 
of carton (IOC) The temperature of each of the 
three tablets in the three respective bottles was 



Fig. 2 — Picture showing thermocouple attached to 
tablet by use of a slotted die during compression 



Fig 3 — Picture showing the drilled cap, stopper 
holding the thermocouple wire, and tablet place- 
ment in the bottle. 



Fig 4. — Picture showing the arrangement of bot- 
tles in cartons rvhere thermocouples sealed in tab- 
lets were situated in the center of respective bottles 






634 


Journal of the American Pharmaceutical Association 


Vol. 49, No. 10 


checked and recorded every two minutes with the 
aid of an automatic switching device (Fig 5). This 
device was assembled from a 30 r. p, h. synchronous 
motor, four adjustable cams, and four micro- 
switches. 

In studies on helium-filled containers, bottles 
filled with tablets were inverted and flushed with 
helium gas (Matheson Co.) The caps were tight- 
ened, and the heating and cooling curves were de- 
termined with the bottles inverted 

Temperature Measurement Program. — Heating 
and cooling measurements of temperature versus 
time at three oven temperatures, 45, 60, and 75°, 
were made on tablets located both central^' and 
laterally (against the glass) in eight different-sized 
bottles, and in three bottle positions within the car- 
tons. 



Fig. 5. — Picture showing automatic switching de- 
vice for monitoring temperatures of tablets within 
bottles contained in closed pasteboard cartons. 


THEORY AND CALCULATIONS 

Ball and others (2, 3,4) have reported that canned 
foods heated in ovens or retorts tend to heat over the 
greater portion of their heating range according to a 
process which may be expressed as 

log(r,„ - D = t -f log(r„ - Tr) (Eq. 1) 

Cooling may be represented bj’ the equation^ 

log(r - Tr) = ^ t + log(r„ - Tr) (Eq. 2) 

The terms Zft/2.303 and Zc/2.303 are determined 
experimentally by plotting log(7'„„ — T) or log 
{T — Tr), respectively, versus time. The slopes of 
the straight line portions of such plots are numeri- 
cally equal to Zi,/2.303 and Zc/2.303', where Zt, and 
Zc are the specific heating and cooling rates (1), 
respectively. Figure 6 is an illustration of this 
type of plot. 

The heating and cooling rates of the contents of 
a bottle are related to bottle dimensions and the 
thermal conductivity, specific heat, and density of 
the bottle and its contents (2) by the expression 

4K 1 

2 = — X (Eq. 3) 


! Definitions of terms are included in the text only where 
needed for clarity. A complete glossary is appended. 



<M|NUTE3) (MINUTES) 

Fig. 6 — Graph showing the relationship of factors 
fk.fc, Zh, and Zc in heating and cooling plots for large 
coated tablets in 250-ml. bottles. Room and oven 
temperatures were 27 and 75°, respectively. The 
data obtained from these plots are: 

2a /a Zc fe 

Central 0 023 3 0.020 4 

Lateral 0.024 -9 0.023 -9.5 


where Z is either 2 a or Zc, and K is the diffusivity 
constant which may be defined by 


K{ Diffusivity) 


Thermal Conductivity 
Density X Specific heat 


Each term on the right of the equality sign in Eq. 4 
refers to constants which are characteristics of the 
bottle plus its contents. The term FV is a dimen- 
sional constant controlled by the ratio of bottle 
diameter, D, to height, H, in the expression 


i = ^3 - 2.467 (I)] (Eq.5) 

This equation is obtained algebraically from the 
general expression of Williamson and Adams (5) 
for the sudden heating or cooling of a cylindrical 
solid 

Plots of 2 versus 1/D^ should yield straight lines 
with a slope of 4K/Fr for bottles and containers all 
having identical diffusivities and the same ratio of 
D/H (2). If, as in our studies, dimensions change 
while the density of the contents remains essentially 
constant, plots of l/D^Fv (essentially dimensional 
characteristics of the container) versus Z should 
yield straight lines of slope iK. The term A is a 
thermal characteristic of the bottle plus contents. 

To calculate the relative storage time errors re- 
sulting from the assumption that all tablets in the 
container are exposed to temperatures and times of 
storage corresponding to actual oven temperature 
and the actual period of oven storage, ETTE's for 
tablets at the sides and centers of various bottles 
and cartons have been calculated. The derivation 
and discussion of these equations have been pre- 
sented previously (1). The per cent storage time 
error may be calculated as 
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per cent storage time error = 100 X 


h - ETTE 
ETTE 

(Eq 6) 


niiere ETTE lias been defined as 

ETTE = I.- ti+lK + Uc ~ /») (Eq 7) 
and U and (/^ — t .) as 


Ih = 




kot 


(Eq 8) 




(Eq 9) 


error, b> letting the time when the sample reaches 
oven temperature be equal to the time when the 
sample reaches a temperature at which the drug 
degradation rate is 95% of the value it would ha\e 
at the equilibrium oven temperature (1) The 
temperature at which this degradation rate is 
reached can be calculated readih from the kinetic 
relationship 

_ Ai7/2 303E 

^H|‘l 3031? X (1/r ,) - log 0 95 

(Eq 11) 

The tune to reach this temperature (/i) is found from 
the equation 


The terms to, h, L, ta are the time of placement m the 
oven, the time when the sample reaches oven tern 
perature, the time of removal from the oven, and 
the time w hen the sample reaches room temperature 
again, respectivelj Simplified solutions to Eqs 
8 and 9 are presented m our previous paper (1) ’ 

If a tablet that is under observation does not 
commence heating or cooling instantly, the time re 
quired to begin heating or cooling should be included 
in the expression for ETTE (Eq 7) To simplify 
the calculation of these times, we have idealized the 
heating and cooling curves at the early time periods, 
and defined the time required to begin heating or 
cooling according to these simplified curves As we 
define it, the time required for a sample to begin an 
exponential rate of heating or cooling is determined 
graphically by extrapolating the straight line por- 
tion of the logarithmic plot back to the horizontal 
line which corresponds to the starting temperature 
difference, log (r„, — Tr) The /* and fc values 
may be read directly from the intersection of the 
appropriate log — TA line and the extrapolated 
lines This graphical determination of /* and fc is 
illustrated in Fig 6 If the initial tablet heating or 
cooling rate is relatively fast, the intersection of the 
lines may occur somewhat be'ore the actual starting 
time When the initial rate is relatively slow, the 
intersection may occur after starting time 

If cognizance is taken of this initial departure from 
exponential heating and cooling, Eq 7 becomes 

ETTE = h - h + fc + h + (to - h) (Eq 10) 

The term h is the difference between the time 
when the sample is placed in the oven and the time 
w hen it reaches oven temperature, so that it includes 
the factor/i Theoretically , h would be infinite, due 
to the logarithmic relationship between the tempera 
ture and time For purposes of calculation we can 
overcome this problem, introducing only a minor 

* Numerical solutions of the integrals of Eqs 8 and 9 were 
Presented in the previous wort in the form 


IH Ph/Zk 2 303 X heating slope 


(!) = Pc/Zc = 


Pc 


(h) 


2 303 X cooling slope 
" here \ alues for P for a room temperature of 2 5° ere given 


Temperature 


°c 

Ph 

45 

2 308 

GO 

2 328 

75 

2 423 


Pc 
1 241 
0 75C8 
0 5080 


In our previous paper (I) Pq 27 on page 099 is in error 
correct equation is shoun abo\e as (6) 


The 


/, = l/2t(2 303llog(r„ - Tr) - 

\os{Tcr - r„.)I) +fk (Eq 12) 

or 


h = ^ +Jk (Eq 12) 

Combining Eqs 10 and 12, the value of ETTE is 

ETTE = /- + /e ^ - /a + ^ (/e - tf) 

(Eq 13) 

RESULTS AND DISCUSSION 

Dimensions and related information regarding 
tablets, bottles, and cartons used m this study are 
given m Table I 

It xvas noted early in our studies that thermo- 
couples sealed into drilled holes gave data identical 
with those inserted during compression, so this dis 
tinction is not made m the data reported 

Specific Rates of Heating and Cooling. — In the 
heating and cooling experiments, the recordings of 
the Minneapolis Honeywell recorder were obtained 
m degrees centigrade, tersus time in minutes These 
data were replotted according to Eqs 1 and 2 as 
log (Tor — T) or log (T — Tr) versus time The 
slopes of the straight line portions of these plots 
were equal to Z/2 303 from which the values of 
Zk and Zc are readily determined Extrapolations 
of the straight line plots of these data also permit 
determinations of the intercept values of/e and /a 
Illustrative data for large coated tablets in a 250 ml 
bottle at an oven temperature of 75° and a room 
temperature of about 25° are given m Fig 6 In 
this illustration, a tablet located at the side of the 
bottle shows a 2 a and Zc of 0 024 and 0 023 mm 
respectively Values for /a and fc are —9 and 
—9 5 minutes, respectively A tablet located at 
the center of the bottle gives values of 2 a = 0 023 
min 2c = 0 020 mm ~',fk — 3 minutes, and/e = 

4 minutes 

It is of interest that values of 2a for side or cen- 
trally located tablets are virtually identical for any 
given bottle A similar relationship exists for 
values of Zc Values of /a for side and centrally 
located tablets are different, and may have opposite 
signs, as illustrated above Similarly fc x'alues are 
different under these conditions Specific heating 
and cooling rate data for all bottles indicated that 2 
values increased as bottle size decreased Also, 
the 2a for a given type tablet and bottle was alway's 
larger than the Zc 
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Table I — Physical Data for Various Bottles and Cartons Used in Tablet Heating and Cooling 

Studies 


Bottles 



Height, 

Diameter. 

, Tat 

Large 

)lets per Bott 
Small 

left ^ 

Small 

Bottle, ml 

cm o 

cm 

Pt 

Coated 

Coated 

Uncoated 

20 (5 dr ) 

4 8 

2 6 

0 418 

18 

44 

40 

28 (7 dr ) 

5 3 

3 2 

0 284 

24 

57 

53 

50 

5 5 

4 2 

0 177 

51 

129 

118 

60 

5 8 

4 4 

0 161 

68 

170 

157 

100 

6 8 

4 8 

0 132 

110 

270 

260 

120 

7 5 

5 4 

0 105 

135 

345 

320 

200 

9 0 

6 0 

0 083 

225 

565 

530 

250 

10 0 

6 4 

0 072 

280 

705 

670 

Contents 


Cartons 

Length, cm 

Width, cm 

Height, cm 

Twelve 28-ml 

(7-dr vials) 


13 2 

9 9 

7 

.1 

Twelve 50-ml 

bottles 


17 4 

12 8 

7 

8 


a The height is the distance from the bottom of the bottle to the neck, excluding the cap and thread 
ft In all instances bottles were filled to the neck with tablets 


Since Zc and Z* were determined experimentally, 
and D and Fv are bottle dimensional constants 
having the values given in Table I, it is possible to 
utilize Eqs 3 and 4 to obtain plots of Z versus 
XID^Ftt Such plots are illustrated in Figs 7 and 
8 The plots show a close approach to linearity in 
all heating and cooling studies utilizing containers 
of 28 ml or larger volumes The Z values for the 
20-mI bottle show considerable deviation from the 
straight line toward a lower slope The linearity 
of the data for bottles in e.xcess of 28 ml indicates a 
fairb' uniform value for thermal conduct! vitj' {K o( 
Eq 3) in these bottled tablets The lower diffusiv- 
ity observed for the 20-ml bottle of tablets suggests 
that in such small containers, heat transfer has be- 
come more dependent upon conduction of the tablet 
material alone rather than on the tablet-air matrix, 
as appears to be the case with the larger bottles 



Fig. 7. — Graphs showing the relationship of Z* 
and Zc to lID'^Fv for three tablets, centrally located. 
A, large coated tablets; B, small coated tablets; C, 
small uncoated tablets. 



Fig. 8 — Graphs showing the relationship of Z* 
and Ze to \/D^Fw for three tablets, lateralb' located. 
A, large coated tablets; B, small coated tablets; 
C, small uncoated tablets. 


Excluding the data for the 20-ml. bottles, the slope 
of the best straight line, determined mathematically, 
using the method of least squares, was obtained for 
plots of Z versus I/D^Ftt for each heating and cooling 
experiment performed in these studies. Pooling all 
of the slopes of these plots in various ways, i e., all 
heating slopes versus all cooling slopes, all large 
coated tablets versus all small coated tablets, etc., an 
analysis of variance was made to determine the 
significance of the observed differences of slope re- 
sulting from four of the factors with which we were 
concerned. These factors were (a) heating as com- 
pared to cooling, (b) central tablets as compared to 
lateral tablets, (c) coated as compared to uncoated 
tablets, and (d) large coated as compared to small 
coated tablets Results of this analysis of variance, 
given in Table II, indicate that only the slopes of 
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(a) heating as compared to cooling, and (b) coated 
as compared to nneoated tablets, nere significantly 
different 

On the basis of these results, all the Z t'crstis 
1/D^Ptr slopes were divided into four groups, i e , 
those derived from (o) heating of coated tablets, 

(b) heating of uncoated tablets, (c) cooling of coated 
tablets, and (d) cooling of uncoated tablets The 
slope of the best line fitting each of these groups was 
calculated, along with the standard error, and is 
given in Table 11 Since the standard errors are 
small, the average values of these slopes in Table 
II may be used to write specific equations to de- 
scribe the Zk and Zc values one would obtain for 


Table II — Slope Values Obtained from Z 
Versus 1 /D-Ft Plots 


Division of 


Results of 
Analysis of 
VwTiwTvce on 
Obser\ ed Slope 

Data 

Slope 

Differences 

All heating data" 

0 3295 


versus 


Significant at R = 

All cooling data 

0 2729 

0 01 

All central data" 

0 2995 


versus 


Not significant 

All lateral data 

0 3043 


All coated tablet 

data" 

0 2868 


versus 


Significant at F - 

All uncoated tablet 


0 01 

data 

0 3267 


All large coated 

tablet data" 

0 2S35 


versus 


Not significant 

All small coated 

tablet data 

0 2908 


Coated-heating 

0 3114 ± 


data 

0 0052^ 


Coated-cooling 

0 2608 ± 


data 

0 0053 


Uncoated-heating 

0 3628 dt 


data 

0 0070 


Uncoated-cooling 

0 2913 ± 


data 

0 0069 



“ As explained in the text, the data «ere divided into two 
groups, the slope of each group calculated, and an analysis of 
\anance made to test the significance of the difference be 
tween the slopes There were four criteria for making the 
initial diMsion and each was tested 

^ After determining the significant differences the data 
were divided into four groups each already proved different 
from the other, and the slopes and standard errors were cal 
culated 


these tablets under these stability study conditions 
for cylindrical bottles ranging in size from 28 to 
250 ml Substituting these average slope values for 
4K in Eq 3, the following equations may be ob- 
tained • 

2a( coated tablet) = 0 3114(l/£>-F,r) (Eq 14) 

^.(coated tablet) = 0 2608(1 /Z?V,r) (Eql5) 

^^(uncoated tablet) = 0 3628{1/D~Ft) (Eq 16) 

2t(uncoated tablet) = 0 2913(1/Z?“/V) (Eq 17) 

These equations were used to assign average Z 
values to the 28- to 250-ml bottles employed in this 
study These values are recorded in Table IIA 
It should be noted that these Z values are inde- 
pendent of the oven temperatures 

The results summarized m Tables II and IIA indi- 
cate that (a) the specific heating and cooling rates 
(Z values) for a given type tablet and bottle under 
these stability study conditions differ by about 
20% The 2 values for heating are abvays greater 
(A) Within the tablet size range studied, specific 
heating and cooling rates are not influenced signifi- 
cantly by tablet dimensions (c) The specific heat- 
ing and cooling rates of tablets are the same for 
those located at the center or side of the bottle 
(d) The uncoated tablets heat and cool significantly 
faster than similar coated ones These Z values 
differ by about 15% (e) Specific heating and 

cooling rate coefficients are related directly to the 
thermal conductance and inversely to the product 
of density, specific heat, cylindrical bottle diameter 
squared, and the dimensional constant, /v. for each 
bottle of tablets considered 

Equations 1-4 and 14-17 do not suggest why spe- 
cific heating and cooling rates should differ signifi- 
cantl}', since thermal conductance and diffusivity 
should be the same for both heating and cooling 
These significant differences are probably due to 
the conditions under which the heating and cooling 
studies w’ere performed In conformance with the 
usual procedure for performing exaggerated tern 
perature stability studies, during the oven heating 
stage the bottled tablets are exposed to a rapidly 
moving air atmosphere which is actuated by a blower 
fan, however, during the cooling phase, bottled 
tablets are removed from the oven and allowed to 
stand in relatively still room air It is very likelj- 
that the specific heating and cooling rates of a given 
bottle of tablets w'ould become identical if, after 
heating in a blower oven, they were transferred to 
an identical blower oven with air being blown at 
room temperature 


Table IIA — The Mean Experimental Z \'alues (Specific Heating and Cooling Rates) for Bottles 

OF Tablets 


-Coated TaWels** » Uncoated Tablets^ 


Container, ml 

Zk. 

mm 

-i 

Ze, 

, nun 

Zk, mm 

Zc. 

min 

28(7 dr.) 

0 OSS 

rfc 

0 002 

0 074 

± 0 002 

0 103 

± 

0 002 

0.083 

da 

0 002 

50 

0 055 

rir 

0 001 

0 046 

± 0 001 

0 064 

± 

0.001 

0.052 

da 

0.001 

GO 

0 050 

rt: 

0 001 

0 042 

± 0 001 

0 058 


0 001 

0 047 

da 

0 001 

100 

0 041 

dt 

0 001 

0 034 

± 0 001 

0 048 

± 

0 001 

0.039 

± 0.001 

120 

0 033 

rb 

0 001 

0 027 

± 0 001 

0 038 

± 

0 001 

0 031 

± 

0.001 

200 

0 026 


0 0004 

0 022 

± 0 0004 

0 030 

dr 

0 001 

0 024 


0.001 

250 

0 022 

d= 

0 0004 

0 019 

± 0 0004 

0 020 

± 

0.001 

0.021 

dr 

0.001 


These results are calculated with Eqs I -1-17 Values of D and f r, required for the calculations, are obtained from Table I. 


Journal op the American Pharmaceutical Association 


Vol. 49, No. 10 


;8 


The significant!}^ higher specific rates of heating 
and cooling of uncoated tablets, as contrasted with 
coated tablets, is probably due to an actual difference 
in thermal diffusivity. It is possible that the white 
uncoated tablets aid radiant heat transfer through 
the bottle. Heat transfer mechanism is discussed 
further in a following paragraph. 

Table III gives specific heating and cooling rate 
data for bottles of tablets in cartons. The same 
heating and cooling processes appear to be followed 
whether bottles are in or out of cartons. It was 
noted, however, that the time required to approach 
an exponential rate of heating and cooling, and 
fc, was longer in cartons. Also values of Zh and Zc 
for bottles in cartons are appreciably smaller than 
for the same bottles outside of cartons. Position of 
bottles in cartons also has a bearing on the magni- 
tudes ol Zk and Zc. These magnitudes bear the fol- 
lowing interrelationship COC > SOC > IOC. In 
the two carton sizes studied, Zk and Zc values were 
smaller for the larger carton. This result was ex- 
pected and is similar to results between different 
sized bottles alone. No further studies were done 
with bottled tablets in cartons. 


Table III. — Tabulated Values of Zk and Zc for 
Tablets In Various Bottles and Cartons 


Coatainer 

Sample Position 

Zh 

Zc 

50-ml. bottle 

Center 

0.055 

0.046 

100-ml. bottle 

Center 

0.041 

0.034 

Carton con- 
taining 28- 

Center, interior of 
carton 

0.016 

0.017 

ml. bottles" 

Center, side of car- 
ton 

0.019 

0.020 


Center, corner of 
carton 

0.025 

0 026 

Carton con- 
taining 50- 

Center, interior of 
carton 

0 012 

0 on 

ml. bottles" 

Center, side of car- 
ton 

0.015 

0 013 


Center, corner of 
carton 

0.019 

0 017 


o In these cases uncoated tablets were used. The values 
for 50' and 100- ml. bottles were obtained with coated tablets. 


Thermal Diffusivity. — The approximate linearity 
of Z versus 1/D^Fcr plots permit an estimate of 
thermal diffusivity to be made. According to Eq. 
3, the slope of the straight line portion of these curves 
equals 4K. Values for K have been calculated from 
the slope values given in Table II and are given in 
Table IV. Literature values of K for the various 
materials constituting a bottle of tablets are also in- 
cluded in Table I\^ By comparing these data, an 
estimate may be made of the contribution of the 
three basic types of heat transfer that are most 
probable here: solid-solid conduction, gas-solid 
conduction, and radiation. 

The diffusivity of bottled tablets is much too high 
for heat transfer to be largely dependent upon solid- 
solid conduction. The increase in K caused by re- 
placing air in bottles with helium is very small com- 
pared to the difference between the K values of these 
two gases, and suggests that gas-solid conduction 
contributes very little to total heat transfer. The 
major heat transfer thus appears to occur through a 
radiation mechanism. Convection undoubtedly 
plays some part in the heat transfer; however, the 


Table IV, — Values of Thermal Diffusivity for 
Tablet Filled Bottles and Tablet and Bottle 
Materials 


Coated tablets in bottles 

K, cm.Vsec. 

Heating 

0.078 (0,082)" 

Cooling 

0.065 

Uncoated tablets in bottles 


Heating 

0.091 

Cooling 

0.073 

Calcium sulfate (CaSOj-BHoO) 

0.003^ 

Sugar 

0.005'’ 

Glass 

O.OOS'’ 

Air 

0.2'’ 

Helium 

2.0'’ 


a The figure in parenthesis is the K for a helium-filled bottle 
full of tablets The other tablet values are for air-filled bot- 
tles, These values are calculated from the slope of the best 
tine for the plot of Z ~ 4K(l/D^F7r). 

b These values are estimates of diffusivity for the various 
components of bottled tablets. They were calculated from 
the equation K = (thermal conductance/density X specific 
heat). The values for thermal conductance, density, and 
specific heat were obtained from the “Handbook of Chemis- 
try and Physics,” 32nd edition. 


tablets offer such a considerable obstacle to gas cir- 
culation in tlie bottle that its contribution to lateral 
heat transfer must be very small. 

Time for Beginning of Exponential Heating and 
Cooling. — As has been noted, extrapolations of the 
straight line portions of data relating log (.T„v - T) 
or log (r — Tr) with time, permit estimates of /j 
and fc. The latter terms u’ere found to range in 
magnitude from — 10 to -1-15 minutes, with a mean 
of +3.8 minutes. For tablets located in the central 
portions of bottled tablets/* and/c values increase 
with increasing bottle size, while for tablets located 
at the sides of bottles, the / values have small posi- 
tive values, or have negative values, indicating that 
the tablets begin to heat or cool much more rapidly 
than the centrally located tablets. 

From Eq. 13 it can be seen that the difference, 
fk — fc, rather than the absolute magnitudes of either 
fh or fc is important in the calculation of the ETTE 
value. 

Visual inspection of the data for any single bottle 
indicates that the /* and fc values for any single 
tablet of a given bottle were not appreciabl}' differ- 
ent. Statistical evaluation of these data indicated 
that the mean difference for fc — fk is only 4-0.56 
minutes, w'ith a standard deviation of 1.64. The 
difference between fc and /* for an}' single bottle is 
so small with respect to the usual ETTE value, in a 
practical stabilit}' study, that the / terms may be 
omitted from Eq. 13 without introducing signifi- 
cant error. 

Tablet Temperature Fluctuations. — One would 
expect that /, Z, K, oven cycle time, and oven tem- 
perature variations from the average would be inter- 
related factors influencing tablet temperature flue- 
tuations during oven storage. For tablets in dif- \ 
ferent positions, bottles, and cartons, where /* or 
fc are less than the oven heating cycle, the tempera- 
ture of a tablet may fluctuate with the same fre- , 
quency as the oven cycle, but with less variation; Z 
however, when the times/* or fc are more than the 
oven cycle time, tablet temperature fluctuations 
would tend to become extremely small. In our 
studies the oven heating cycle time was 3-7 min- 
utes, with a variation from average of ±1 to 1.5 . 
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Under these heating conditions, no measurable tablet 
temperature fluctuations were detected. There- 
fore the study of factors that might influence tablet 
temperature fluctuations was not pursued further. 

Factors Governing the Effective Tablet Storage 
Times at Exaggerated Temperatures. — The errors 
in kinetic calculations of drug degradation and pre- 
dictions of shelf life that result from assuming that 
actual oven storage time and effective storage time 
are identical are governed by three principal factors: 

(а) the position of the tablet in the bottle or carton, 

(б) the approximately exponential heating and cool- 
ing processes along with duration of oven storage, 
(c) the kinetic constants of the breakdown reaction. 

It has been noted already that the effects of and 
fc, for any given tablet, may be assumed to cancel 
each other under conditions of our studies. There- 
fore, the fact that values may vary from one tablet 
to another in a given bottle does not introduce error 
in the determination of storage time under practical 
exaggerated stability study conditions. 

Since the ETTE is independent of /a and fe, and 
Zh and Zc are independent of tablet position, there 
should be little or no differences in total thermal drug 
degradation from one tablet to another resulting 
from differences in tablet position within any single 
bottle. Likewise, there should be no differences in 
total thermal drug degradation between tablets in 
different bottles of similar dimensions which are not 
in cartons. These deductions are based upon the 
assumption that the storage oven is operating satis- 
factorily, is not overloaded, and has a relatively 
uniform and unobstructed flow of the hot air past 
each bottle. The previous discussion suggests that 
if bottle size and fill are kept uniform and the fore- 
going assumptions met, analytical results of tablet 
drug content following oven storage should not show 
significant variation from bottle to bottle nor tablet 
to tablet within a bottle. We have noted that Zh 
and Zc are different for tablets in bottles having dif- 
ferent positions within cartons. Taking the IOC 
position as the reference standard, the error in stor- 
age time at other bottle positions, when no correc- 
tion for position is made, may be calculated from the 
equation 


per cent error = 100 X 
ETTE (IOC) - ETTE (Other Position) 
ETTE (IOC) 


(Eq. 18) 


Using Eq. 18, positional storage time errors have 
been calculated for two different sized cartons for 
three energies of activation. These are given in 
Table V from which it maj' be seen that positional 
storage time errors increase with carton size. From 
a practical standpoint, analytical protocols and inter- 
pretations of analytical data from exaggerated 
temperature stability studies would be more 
straightforward if the bottles were not enclosed in 
cartons. Therefore it is suggested that such studies 
never utilize bottles in cartons. 

Effective oven storage times are influenced appre- 
ciably by the fact that heating and cooling are ap- 
proximately exponential processes. The magnitude 
of influence is related to the bottle sizes and actual 
oven storage times employed. The larger the bot- 
tles, the longer the periods for attaining equilibrium 
oven or room temperatures. The longer the storage 


times, the less will be errors resulting from the as- 
sumption that the actual storage time is equivalent 
to the effective storage time at a given temperature. 
The error that results from the latter assumption 
may be calculated from Eq. 6 


per cent storage time error = 100 X 

k - ETTE 
ETTE 


(Eq. C) 


where I, is the actual oven storage time. 

One may calculate the effect on the ETTE of 
the three independent variables, ALT, and A, by 
utilizing Eqs. 8, 9, and 10. If actual oven time is 
constant and is of sufficient duration to enable the 
sample to reach oven temperature, calculations lead 
to the following conclusions: (a) WTien r„r is the 
only variable, there is an increase in the heating 
time equivalent, th, and a decrease in the cooling time 
equivalent, (te — h) as T„„ increases. The ETTE 
decreases as the difference between T^r and Tr in- 
creases. (6) When AH is the only variable, in- 
creases and fc decreases as AH increases. The net 
result is that the ETTE decreases with increasing 
AH. (c) The kinetic factor. A, has no effect on the 
magnitude of the ETTE, but it has a marked effect 
upon the magnitude of the specific rate constant for 
the degradation reaction. 

The calculated ETTE values and per cent errors 
for uncorrected storage times in a hjTiothetical 
stability study are given in Table for AH values 
of 15, 30, and 45 Kcal. Under the experimental con- 
ditions of our studies, the errors for uncorrected 
storage times during, for example, a sLx-hour period, 
range from 6-37% for a AH oi 15 Kcal. to 15-157% 
for a AH of 45 Kcal. It may be noted that the im- 
portance of the storage time error in practical e.xag- 
gerated temperature stability studies is relatable to 
the magnitude of the probability factor A. For 
those drugs which possess kinetic constants where, 
relatively speaking, A is small and AH is large, 
thermal stability will be exceptionally great. Six 
hours of storage at an exaggerated temperature may 
result in the thermal degradation of only a fraction 
of 1% of total drug. Under such conditions a 
storage time error of ±2 hours, for e.xample, would 
have no important bearing on the determination of 
the specific velocity constant for thermal degrada- 
tion, k, in prediction of shelf life. In such an in- 
stance relatively long oven storage times would be 
required to effect appreciable drug degradation at 
the elevated temperature. Under the conditions of 
our e.xperimental studies this would signify that the 
ETTE values in a kinetic study would approach 
actual oven storage times, whereupon it becomes un- 
necessary to make storage time corrections. 

Under conditions where A is relatively large, 
thermal stability may be very poor. In such an in- 
stance, six hours of storage at an e.xaggerated tem- 
perature might result in 10%, or more, thermal deg- 
radation. With a drug showing such a characteris- 
tic, kinetic determinations of the k value at this 
temperature may result in considerable error if the 
ETTE concepts are not implemented. The ETTE 
concepts therefore have their greatest utility in cal- 
culations pertaining to shelf life prediction or in 
selecting suitable storage times when dealing with 
drugs which have marginal thermal stabilities. 
Thus, when knowledge of drug thermal sensitivity, 
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Table V — ETTE Values and Per Cent Storage Time Errors for a Six-Hour Oven Storage Time 
AT 75° Calculated for Various Bottles, Cartons, and Activation Energies 


- — % storage Time Erroro-N 
if ETTE Correction Is 




, E‘ 

TTEa min 



Not Made 




AH = 



AH = 



Container 

Position 

15 Kcal 

30 Kcal 

45 Kcal 

15 Kcal 

30 Kcal 

45 Kcal 

50 ml 

Central 

340 

321 

312 

6 

12 

15 

100 ml 

Central 

334 

308 

296 

8 

17 

22 

250 ml 

Central 

310 

262 

240 

16 

37 

50 

Carton with 28 ml bottles 

IOC 

2S3 

223 

193 

27 

61 

87 


SOC*' 

296 

245 

220 

22 

47 

64 


COC^ 

311 

272 

254 

16 

32 

42 

Carton with 60-ml bottles 

IOC 

264 

179 

140 

37 

100 

157 


SOC'' 

285 

217 

181 

26 

66 

99 


COC*' 

300 

246 

221 

20 

46 

63 

o Calculations based upon room 

temperature of 25® 







* The positional storage error for these positions are 









15 Kcal 


30 Kcal 


45 Kcal 


28 ml bottles 

SOC 

5% 


14% 


23% 



COC 

9% 


29% 


45% 


50 ml bottles 

SOC 

11% 


34% 


56% 



COC 

17% 


64% 


94% 



acquired prior to formulation, suggests that 10% or 
more of the drug may degrade at room temperature 
m less than two years, the application of ETTE 
concepts in exaggerated temperature studies assumes 
increasing importance m prediction of product shelf 
life When data are available pertaining to the 
values of A and AH for the drug in question in 
chemical systems other than the proposed formula- 
tion, these may serve as a first approximation of the 
expected A and AH values in the tablets or other 
new formulations of the drug Computations may 
then be made to estimate which combinations of 
storage temperatures, times, and bottles should be 
selected to program a thermal drug degradation 
study uhicli will provide convenient confirmatory 
data upon which to base a shelf life prediction 

The preceding remarks suggest that the practical 
approach to the simplification of exaggerated tem- 
perature stability studies might be to employ actual 
oven storage times, (fs). where time of heating and 
cooling to equilibrium temperature is short relative 
to h Equation 19 may be obtained algebraically 
from Eqs 6 and 13 to determine the minimum h 
which will assure that the actual oven storage time 
will not differ b}' more than \% from the effective 
time 

Min h " [Q/Zk — Ih — Oc — 

(Eq 19) 

Table VI presents figures calculated from Eq 
19 which represent minimum oven storage times at 
45, 60, and 75“ for commercial bottled tablets where, 
without ETTE correction, storage time errors would 
be less than 5% It should be noted that these 
figures apply to the experimental conditions of this 
study, and where AH of the Arrhenius equation 
equals 15 Kcal Since AH will be somewhat vari- 
able from one drug to another, it is not possible to 
establish precise minimum oven storage times, ap- 
plicable to all tablets, beyond nhich it is unneces 
sary to correct for oven storage times Despite the 
complications presented by the Arrhenius con- 
stants, Table VI is instructive It suggests that 
at an oven storage temperature of 75° or lower, ac- 
tual oven storage times which extend to several days 
or neeks in bottles of 250 ml or less capacity would 


Table VI — Minimum Storage Times for Several 
Commercial Bottles of Tablets Which Insure 
Storage Time Errors of Less Than 5%“ 


Bottle 

Zh 

0 = 

—Storage Time hr — ' 

eO'C , 45°C 

0 = 0 = 

ml 

(min “J) 

4 135 

3 779 

3 353 

50 

0 055 

7 

3 V 2 

Less than 

60 

0 050 


4 

1 hour 

100 

0 041 

9 '/. 

41/2 

(see text) 

120 

0 033 

ii'A 

5Vs 

200 

0 026 

15 

7‘A 


250 

0 022 

18 

9 



“ Calculated using the expression mm Is = 1/601Q/Zh - 
th — (le “ IslllCI “f 100/5)] All calculations were done 
using the hypothetical reaction discussed in Table V uhere 
Aff = 16 Kcal 

not usually be significantlj' different from corrected 
storage times Also, at the higher storage tempera 
tures, which normallj are conducted only for hours 
or daj s, one may use the time of Table VI as a stand 
ard of reference Oven storage times at the higher 
temperatures should be chosen as much in excess of 
times in Table VI as will permit one to obtain 
thermal drug degradation data which are amenable 
to accurate interpretation by chemical kinetic 
methods Table VI also suggests that when drug 
degradation is appreciable after storage for a feu 
hours at elevated oven temperature, advantage in 
reducing the storage time error is gamed by using 
the smallest bottles and lou er storage temperatures 
If relatively high storage temperatures seem neces- 
sary, an additional step to reduce storage time error 
might involve the use of Petri dishes, test tubes, or 
other special containers which facilitate rapid heat 
transfer 

It may be noted in Table VI that numerical values 
of minimum ti at 45° are not given This is because 
they are very small values which would never be 
employed m a practical oven storage stability study 
at 45°, however, it is of further interest that the 
ETTE values for samples stored at this tempera- 
ture, when calculated according to Eqs 7, 8, and 9, 
are larger than the actual oven time This ap- 
parently anomalous result occuis because at AH = 
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15 Kcai., Ibe specific veiocity constant, k, for tber- 
mal degradation at 26° is one-fifth tliat at 45°. This 
results in a situation where at any time during cool- 
ing, the k of the sample is still an appreciable frac- 
tion of the k at 45°, so that the longer one waits for 
room temperature equilibration, the more significant 
becomes the contribution of room temperature 
breakdown to the ETTE. For the degradation 
presented, where the k at Tr is one-fifth that at 
each five minutes spent reaching room temperature 
adds one more minute to the ETTE. When oven 
temperature increases, this effect diminishes so that 
it is negligible at 60 and 75°, but is appreciable near 
45° and lower temperatures. 

Effect of Product Analysis Time on Shelf Life 
Prediction. — The realization that the room tempera- 
ture degradation rate may not be a negligible factor 
in the calculation of the ETTE points to another 
possible source of error in estimating effective stor- 
age time in stability studies. 

In an industrial pharmaceutical laboratory, 
analyses are normally performed on a priority basis 
by analjdically trained personnel. Scheduling of 
analytical work and reporting of analjTic data may 
result in delays between an original product analysis 
and the time when the product is ex-posed to ex'ag- 
gerated temperatures for stability study. Like- 
wise there may be a delay between the time the 
product is removed from a stability study oven and 
the time of assay. Sometimes these combined time 
lapses may represent several weeks. That is, a 
sample stored for a specific time in an ex-aggerated 
temperature storage oven may have been stored, in 
fact, an additional several weeks at room tempera- 
ture. In those cases where the drugs in question 
have marginal stabilities, this additional time of 
room temperature storage may have to be included 
in the calculations for prediction of shelf life. When, 
for ex-ample, the effective oven storage time at 45° 
is sixteen days, but the product is maintained an ad- 
ditional fifteen days at room temperature prior to 
analysis because of programming delays, a better 
estimate of the effective storage time at 45° might 
be nineteen days. This estimated time would result 
if the drug degradation rate at room temperature 
was, for example, one-fifth of that at 45°. 

Though the work reported in this paper has been 
concerned primarily with tablet heating and cooling 
characteristics under exaggerated temperature sta- 
bility study conditions and with the way in which 
these may affect the accuracy of shelf life predictions 
based on chemical kinetics, the concepts are also 
applicable to other dosage forms. Short term ex- 
aggerated temperature stability studies are assuming 
increasing importance in pharmaceutical product 
development. These studies make it possible to 
select the most stable product formulas early in the 
course of a product’s development. They also give 
/ an indication of the shelf life of a product, and thus 
furnish an intelligent basis upon which a decision for 
marketing may be based, or upon which reasonable 
expiration dates may be selected for products of 
m.arginal stability. 

Selection of stable formulas early in the coiuse of 
product development permits the use of the correct 
product formula in the early stages of clinical tests. 
This is distinctly ad\-antageous since it gives greater 
assurance that the final marketed product will per- 


form therapeutically in a manner analogous to the 
results of earl}- clinical evaluation. 

The preparation and selection of stable product 
formulas is normally a development pharmacist’s 
responsibility. The selection of suitably stable 
formulas and prediction of the product's shelf life 
based on thermal degradation entails choosing 
proper e.xaggerated temperatures, methods, and 
facilities which assure effective time-temperature 
storage conditions, packages or containers for the 
dosage forms, program for withdraw-ing representa- 
tive samples for assay, preparation of samples for 
assay, and finally assay. Despite the frequently 
high precision of the assay method, the experienced 
formulator is often faced w-ith assay results of tablets 
and other dosage forms, which apparently defy the 
rules of chemical kinetics. Such results may arise, 
for example, if the original drug isolation and assay 
method fails to isolate all of the drug from an aged 
dosage form. Normally such a failure can be easily 
corrected; however, more subtle reasons for failures 
that may go undetected result from errors in storage 
oven heating due to such interrelated factors as, for 
example, overloading storage ovens, nonuniform 
temperature within the ovens, improper correlations 
of stability data derived from products in different 
sized bottles or cartons, inadequate sampling pro- 
cedures, or inaccurate estimates of effective storage 
times and temperatures. Since these factors nor- 
mally are subject to control by the development 
pharmacist, it is important that he understands and 
controls them to the extent that valid thermal deg- 
radation data may be obtained when accurate 
analyses are performed on stability study samples. 

More e.xperimental studies which evaluate the 
importance of each of the numerous factors influenc- 
ing the collection of thermal drug degradation data 
would be helpful for improving the procedures em- 
ployed in drug shelf life prediction, 

SUMMARY 

1. The experimental work of this study was 
concerned with the heating and cooling charac- 
teristics of tablets in C3’'lindrical bottles and 
cartons, when these are placed in hot air ovens. 
Individual tablet temperatures were measured 
with a thermocouple and a recorder. 

2. The heating and cooling rate coefficients 
for different tablets in a bottle are relativel}- 
independent of their positions in the bottle; 
however, the apparent times for exponential 
heating to begin are dependent upon tablet 
position within a given bottle and the oven 
storage temperature. 

3. Apparent exponential heating or cooling 
in a given bottle occurs sooner in tablets located 
at the side of a bottle than for those located 
centrally. 

4. For a given bottle and tablets, the heating 
and cooling rate coefficients were independent 
of the oven storage temperatures, i. e., the same 
values were obtained irrespective of whether oven 
temperatures ivere 45, 60, or 75°. 
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.5. Bottles used in these studies ranged in 
volume from 20 to 250 ml. Standard 12-bottle 
pasteboard cartons were also used. Times 
required for bottles aud cartons of tablets to 
attain equilibrium temperatures increased with 
container size. These times thus increased with 
increased container heat capacity. 

6. For given type tablets, heating and cooling 
rate coefficients decreased with increasing con- 
tainer size. 

7. WTiite imcoated tablets showed heating 
and cooling rate coefficients about 15 per cent 
higher than gray-coated tablets of similar size, 
when studies were done in identical bottles. 
Large pink sugar-coated tablets showed heating 
and cooling rate coefficients very similar to smaller 
gray sugar-coated tablets, when studies were 
done in identical bottles. 

8. Under a given set of experimental condi- 
tions, where tablet heating was done in a con- 
vected hot air oven and cooling was performed 
on a laboratory bench, heating rate coefficients 
were always 15-20 per cent greater than the cool- 
ing rate coefficients. 

9. Heating and cooling rate coefficients are 
appreciably smaller for bottled tablets in cartons 
than for similar bottles outside of cartons. 

10. Thermal diffusivity interpretations ap- 
plied to the data suggest that heat transfer 
through bottled tablets is mediated largely 
through a radiation process. 

11. Using experimentally determined conduc- 
tivity values in conjunction with bottle dimen- 
sional constants, heating and cooling rate coeffi- 
cients for coated and uncoated tablets are 
definable with equations. The equations are 
presented. 

12. The ETTE concept was employed to 
compute the effective storage time of tablets 
stored under different experimental conditions 
and these values were compared with actual oven 
storage times. For example, a 250-ml. bottle 
filled with large coated tablets and stored for 
two hundred and forty minutes at 75° has an 
effective storage time of one hundred and ninety 
minutes when hH =15 Kcal., and a first-order 
rate of degradation is assumed. 

13. The effects that variables A (probability 
factor), AH, oven temperature, and bottle size 
have on the computed value of ETTE for a 
drug in tablets are indicated. Also indicated is 
how these variables relate to the programming of 
exaggerated temperature stability studies. 

14. A table has been presented giving minimal 
storage times of different sized bottled tablets at 
several oven temperatures which can serve 


as a guide for programming exaggerated tem- 
perature stability studies. Use of the table can 
ser\'e as a guide to the selection of oven tem- 
peratures, bottle sizes, and storage times which 
circumvent the need of ETTE calculations of 
oven storage time, thereby simplifying calcu- 
lation of reasonable estimates of product shelf 
life. 

15. It has been noted that the validity of 
exaggerated temperature stability data may be 
affected adversely by failure to correct for finite 
heating and cooling times of samples; also by 
other interrelated factors such as overloading 
storage ovens, nonimiform temperature within 
the ovens, improper correlations of stability data 
derived from products in different sized con- 
tainers, and inadequate sampling procedures. 
Since such factors normally can be controlled 
by the development pharmacist, it is desirable 
that he understands the degree of their impor- 
tance in specific stability studies; also that he 
exercises the measure of control necessary to 
give confidence to calculations of product shelf 
life at room temperature. 

GLOSSARY OF TERMS 

All temperatures in degrees Kelvin,'* times in min- 
utes, and dimensions in centimeters. 

77,. = oven temperature 

T = sample tablet temperature 

Tr = room temperature 

= temperature at which the specific 
breakdown rate equals 0.95 koi 
I = time 

10 = time when sample is placed in the oven 

it = 0) 

11 = time after lo for sample to reach oven 

temperature 

h = time after to when sample is removed 

from oven 

A = time after to for sample to reach room 

temperature again 

th = time after to for sample at 77, to break 

down an amount equal to that oc- 
curring in a heating sample during 
its heating C3'cle (the heating time 
equivalent) 

itc — to) = time for a sample at T„v to break 
down an amount equal to that oc- 
curring in a cooling sample during 
its cooling cycle (the cooling time 
equivalent) 

Z* = specific heating rate (min.-*) 

Zc = specific cooling rate (min.-*) 

fk = time difference between to and the ap- 

parent beginning of logarithmic 
heating 


< when temperature differences are measured, i. e , To, — 
Tr, degrees centigrade may be used, giving values identical 
to those that result when T values are expressed in degrees 
Kelvin. 
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fc 


D 

H 

K 

A 

&H 

R 


ETTE 


= time difTerence between h and the 
apparent beginning of logarithmic 
cooling 

= diameter of bottle studied 
= height of bottle studied 
= diffusivity constant (cm “/sec ) 

= kinetic probability constant (10® 
min.-*) 

= heat of activation of the breakdown 
reaction (15, 30, or 45 Real /mole) 
= gas constant (1.987 cal deg-’ mole-’) 
= specific reaction rate at oven tempera- 
ture (min.-’) 

= equilibrium temperature time equiva- 
lent (units of time) 


Q = (2 303 (log (r„ - Tr) - log (r„ - 
7’95%)1 (dimensionless) 

Ph = numerical solution of the integral of 
Eq 8 (dimensionless) 

Pe — numerical solution of the integral of 
Eq 0 (dimensionless) 
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Some Effects of Ionized Air on Penicillium notatum* 

By ROBERTSON PRATT and ROBERT W. BARNARD 


Exposure of Penicillium notatum to ionized 
air reduces the production of penicillin, nega- 
tive ions exerting a greater effect than positive 
ions. Growth of the mycelium and germina- 
tion of spores also are depressed, but positive 
ions exert a greater effect than negative ions 
on spore germination. Production of carbon 
dioxide is depressed to about the same ex- 
tent as mycelial growth. 

BOUT two hundred years ago, the dependence 
of various biologic functions on atmospheric 
ilectricity, both natural and artificially produced, 
vas investigated, and many experiments pur- 
lorting to show effects upon secretions, blood, 
3ulse, growth, mental activity, and even morality, 
ivere described. Disruptive discharge was used 
Lherapeuticallji in Halle, Germany, in 1744 to 
nfluence the course of disease, and following de- 
icription of a method in 1754 to produce positive 
3nd negative air ions, aniontherapy was intro- 
[iuced. Sporadic accounts of biologic and thera- 
peutic effects of ionized air have continued to 
appear through the intervening years, including 
several reports that an excess of negative ions 
e.xisting in the atmosphere at some of the most 
famous spas of Europe is partly responsible for 
the supposed health-restoring qualities of those 
resorts The earlier literature, much of whicl) 
is in the category of testimonials and speculation, 
has been reviewed (1). In our owm time, nega- 

* Received December 5, 1959 from the School of Pbar- 
tnacy. University of Cahfornta Medical Center, San Fran- 
cisco 22. 


tive air ions have been reliably reported to re- 
lieve and positive ions to aggravate sinusitis, 
rhinitis, asthma, and pollenosis in humans (2, 3), 
and positive air ionization has been reputed to 
induce headache, dizziness, fatigue, and malaise, 
while negative air ions have been said to ease the 
breathing and induce a sense of well being (4) 
These reports deal with subj'ective clinical re- 
sponses. 

Objective laboratory research has revealed 
significant quantitatively measurable effects of 
ionized air on various biologic systems For 
example, e.xposure to positively ionized air 
causes a reduction in the succinoxidase content 
of the adrenal gland of the intact rat (5), both 
positive and negative air ions are lethal to staphy- 
lococci (6), and negative air ions increase and 
positive air ions decrease or abolish ciliary move- 
ment in mammalian trachea, both in vivo and in 
vitro (7-9). 

This report is concerned with effects of air 
ionization on certain activities of the fungus, 
Penicillium notatum. Antibiotic production by 
the mold was chosen as the major activity for 
study because it is an easily and reproducibly 
measurable objective index of biochemical ac- 
tiirity. The effects of air ionization on spore 
germination and mycelial growth of the mold and 
on its carbon dioxide production also were ob- 
sen'od. 
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AIR IONIZATION 

Ionization differs in gaseous and liquid media. 
Ionization in a liquid results from separation of 
molecules into anions and cations, whereas in a gase- 
ous medium it results from removal of an electron 
or substitution with a particle of different electrical 
charge (10). The ions may be small, consisting of 
about a dozen gaseous molecules associated with a 
single electric charge; intermediate, consisting of 
about 100 submicroscopic molecules bearing a 
charge; or large, i. e., about 1,000 times the size of 
small ions (11). The normal atmosphere contains 
from 500 to 2,000 small and intermediate positive 
air ions per cm.’ and a slightly smaller number of 
negative air ions (12). The ions range from 0.001 
to 0.1 M in diameter. The chief natural sources of 
air ionization are cosmic rays and radioactive par- 
ticles in the air and earth Such particles are de- 
rived mainly from the disintegration of thorium and 
radium which emit alpha, beta, and gamma radia- 
tion. 

Air ions may be generated artificially by therm- 
ionic methods, or by the use of radioactive ma- 
terials, X-rays, photoionization, high voltage brush 
discharges, high frequency currents, and atomiza- 
tion of water, the latter accounting for the high 
density of negative air ionization in the immediate 
vicinity of water falls and some spas. These meth- 
ods have been reviewed (13-15). Accurate measure- 
ment of atmospheric electrostatic potential can be 
made with an ion current probe (16), and effective 
climate control through regulation of air ionization 
has been reported (14, 17). 

Ion Generator. — The ion generators employed in 
the present work have a radioactive tritium-titanium 
foil as a source of beta radiation.' The beta rays 
collide with air molecules and particles and create 
both positive and negative ions. By means of a 
rectifier, a unipolar charge is established on a metal 
plate near the radioactive foil. The plate attracts 
and traps ions with an opposite charge and repels 
into the atmosphere ions with a like charge. The 
velocity of the air ions depends on their size and on 
the voltage on the rectifier plate. I'elocities of the 
biologically important "small”- and “intermediate”- 
sized ions vary from about 0.01 to about 2 2 cm./ 
sec./volt/cm. (18). To generate an atmosphere rich 
in negative ions, the plate is charged negatively. 
Reversing the polarity will produce a high density of 
positive ions. Many of the details and much of the 
theorj’ have been reviewed (15, 19-21). 

The foils in the ion generators have an area of 
about 0.4 cm.’, and each one contains about 50 me. 
of tritium. Tritium is a beta ray emitter with an 
energ}' of irradiation of 0.015 Mev. The approxi- 
mate range of radiation at this intensity is 0.002 
Gm./cm.’ (19). It has been calculated that in air 
(density 1.2 mg./ml.) the maximum range is 1.7 em. 
(6). Since the units were so placed that the target 
surfaces {PeniciUium cultures) were 5 cm. distant, 
the possibilit 3 ’ of direct radiation effects on the or- 
ganism was minimized. Nevertheless, special radi- 
ation controls were run in each experiment. At the 
rectifier voltage employed (860 v.), each unit de- 


* The ion generators were kindly furnished by Dr. J. C. 
Beckett of the Wesix Electric Heater Co., San Francisco, 
Calif. 


livered 10® ions per mm.’ of culture surface per 
second. Cultures were exposed continuously 
throughout each experiment. 


EXPERIMENTS AND RESULTS 

Antibiotic Biosynthesis. — Pe7iic-illium nolalum 
ATCC 9178 (NRRL 1249. B21), a surface culture 
strain of the mold, was used throughout. Technical 
details of the design of the ionizer equipment made it 
impractical to studj' the effect of ionized air on sub- 
merged cultures; therefore, surface culture methods 
were employed. This was considered justifiable, 
despite the fact that industrial production is by 
means of submerged culture techniques, since the 
experiments were aimed at determining whether or 
not air ions influence biochemical reactions of the 
mold and not at industrial application. Moreover, 
because of the low penetrability and the rapid neu- 
tralization and dissipation of air ions in aqueous 
media, it is doubtful that anj' effect could be ob- 
served in submerged cultures even if the available 
equipment had been adaptable to such an e.xperi- 
mental set-up. 

The culture medium had the following composi- 
tion; KHoPOi, 0.057 M; MgS 04 - 7 H 20 , 0.006 Jf; 
NaNOj, 0.057 M; phen 5 ’lacetic acid, 0.00183 //; 
ZnS04 -7Hj0, 0.00015 jlL; lactose, 0.111 jl/; and 
corn steep liquor solids 2%. 

The geometrj’ of the ionizing units limited the 
choice of glassware for culture vessels. Berzelius 
beakers ( 100-ml. size) containing 50 ml. of the above 
medium plus 2 ml. of inoculum finally were selected. 
The area of the air-surface interface was 18.1 cm.’ 
and, consequent!}', the ratio of surface to volume ap- 
proached 1:3. The yields of penicillin recorded 
below for control cultures are considerably less than 
those the organism is capable of producing, but they 
are not excessively low in view of the relatively un- 
favorable surface/volume ratio and in view of the 
light inoculum that was used in order to avoid ex- 
ce.ssive vegetative growth which would have shielded 
underlying mycelia from the air ions. 

Antibiotic activity was determined by the stand- 
ard cylinder plate technique, using Micrococcus pyo- 
genes var. aureus ATCC 6538 P {Staphylococcus 
aureus FDA 209 P), as the test organism. 

Data from preliminary experiments indicated that 
air ionization exerts an effect on the yield of penicil- 
lin and that the magnitude of the effect depends on 
the density of the seeding inoculum and on the dura- 
tion of the experiment. For example, after seven 
days of incubation, the yield of penicillin in cultures 
exposed to negative air ions was reduced about 80% 
in comparison with nonionized controls when a very 
sparse inoculum was used, and about 22% when a 
very dense inoculum was used. The procedure 
adopted was standardized b}- using an inoculum of 
intermediate density which resulted in approxi- 
mately 50% reduction in yield after seven days. 
The inoculum consisted of 2 ml. of a spore suspen- 
sion per 50 ml. of culture medium. The suspension 
was prepared from three-day-old cultures and was 
adjusted to 10% transmission as determined by a 
Lumetron, model 402 EF equipped with a neutral 
filter. 

As a precaution, two controls were run for each 
e.xperiment, one with no ionizing unit and one a 
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radiation control to check the effect, it any, of 
secondary heta radiation. This control consisted of 
a culture exposed to an ionizing unit which was not 
connected to the power line. Thus, this culture 
was exposed to the same radiation as the experimen- 
tal cultures, hut was not exposed to a differential air 
ionic atmosphere. The ambient atmosphere in this 
culture vessel was richer in air ions of both polari- 
ties, due to the ionizing aetion of the beta rays. 
However, in the small confined volume over the 
cultures, the negative ions could be expected to com- 
bine with positive ones, thus tending to restore polar 
neutrality. That this occurred, and that the results 
observed in the experimental cultures were due to 
the air ions and not to a radiation effeet per sc, was 
indicated by the fact that in all experiments the 
radiation controls and the standard controls gave 
identical values within the experimental limits 
stated in Table I. All experiments were performed 
in a eonstant temperature room maintained between 
24 and 26°. 

Data from five replieated experiments sum- 
marized in Table I show that both negative and 
positive ionization of the air reduced the yield of 
penieillin, and that negative ions had a more depress- 
ing effect than positive ions. 

Table I. — Effect of Negative and Positive 
Air Ions on Yield of Penicillin and on Dry 
Weight of Mycelium in Cultures of Penicillium 
notalum 



Penicillin, 

Dry Weight 
of Mycelium, 


units/ml . 0 

ms. *> 

Ionization 

7 Days 

10 Days 

10 Days 

None (control) 

73 

86 

771.1 

Negative 

38 6 

63.9 

616.9 

Positive 

55.8 

78 

674.7 


“ Maximum deviation among quadruplicate assays in any 
one experiment ±3%, and among the several experiments 

± 5 %. 

® Maximum deviation from the average among the several 
experiments ±7 2%. 

It seemed possible, although only remotely so, 
that the effect on yield of penicillin was not pri- 
marily a biological one exerted through the mold, 
but instead was primarily a phj’sical or chemical one 
involving destruction of the antibiotic after it was 
biosynthesized, or perhaps was a combination of the 
two effects. For example, the reduction in yield of 
antibiotic activity in cultures exposed to negative 
ions was considerably greater than might have been 
expected from the decrease in growth, although it is 
well known that there is not necessarily a concord- 
ance between vegetative growth and antibiotic 
production in cultures of Penicillium. The possi- 
bility seemed to exist that equal or nearly equal 
amounts of antibiotic were produced in all cultures 
but that the rate of destruction was greater in an 
atmosphere with a high density of negative ions. 
Accordingly, sterile filtrate from a seven-day Peni~ 
cillium culture was aseptically apportioned into 
^ four sterile culture vessels, one of which was supplied 
with positively and one with negatively ionized air 
while the other two served as the usual controls. 
All were placed in the ineubator room. Aliquots 
were removed aseptically from each vessel daily for 
seven days and were assayed. The loss in potency 


was the same in all vessels. Therefore, it seems safe 
to assume that the ionized air did not have any di- 
rect effect on the antibiotic liberated into the culture 
medium but that the effect was exerted on the 
fungus. 

Comparison of the data for seven days and ten 
da 5 ’s in Table I suggests that the effect of ionization 
on yield of antibiotic decreased with time. The 
penetrating abiHt 3 ' of air ions is lorv. Consequently, 
onl 5 ' the cells in the mj'celium comprising the upper- 
most surface of the mold mat were exposed, and, 
therefore, as the thickness of the mold mat increased, 
an increasing proportion of the mj'celial cells was 
protected from the ionized atmosphere and its detri- 
mental effect on antibiotic sjmthesis. Bj' the tenth 
daj' there was no significant difference in yield from 
control cultures and those exposed to positive air 
ions, although the negative ion cultures still showed 
appreciable depression. 

Spore Germination and Mycelial Growth. — 
Microcultures, consisting of Penicillium spores from 
three-day-old sporulation cultures seeded onto a thin 
layer of sporulation agar on cover glasses main- 
tained in a humid atmosphere, were exposed to the 
ionizing units. Five to ten microscope fields, con- 
taining 250 to 300 spores, on each slide were ex- 
amined periodicalljL There was considerable delay 
in germination of spores exposed to ionized air of 
either polarity. For example, at the time (seven 
hours) when 4% of control spores had germinated, 
less than 1% germination had occurred in cultures 
exposed to either negative or positive ionization 
After nine hours, 63% of the control spores, 40.7% 
of the "negative” spores, and 30% of the “positive” 
spores had germinated. At that time, average germ 
tube length was 5.2 ji for the control and 4 4 for 
each of the experimental cultures. Observations 
were not continued beyond nine hours because after 
that time the growth pattern of the germ tubes made 
accurate observation and measurement impossible 

The observations on spore germination are con- 
sistent with similar studies made on Neurospora 
crassa, in which ionization of either polaritj' mark- 
edly reduced spore germination and positive ioniza- 
tion was found to be more detrimental than negative 
ionization (22). 

The data in Table I show that growth of the mold 
(as indicated bj' dry weight of mycelium formed) 
was reduced approximateh’ 12 to 20% ivhen cul- 
tures were exposed to an atmosphere artificially en- 
riched in air ions for ten daj’s. 

Carbon Dioxide Production. — Pyrex tubes were 
annealed to opposite sides of the culture vessels and 
the vessels were made part of a gas train, being 
both preceded and followed bj' potassium hj'droxide 
traps. applying gentle suction at one end of the 
train, carbon dioxide-free air was drawn into the 
culture chamber at a rate of 50 ml. per minute and 
the carbon dioxide evolved by' the cultures was 
trapped in the succeeding hydroxide tubes. At the 
end of the experiment, the base in these tubes was 
titrated against standard HCl to the phenolphthalein 
end point. Barium chloride was added to remove 
the soluble carbonate that could act as a buffer. 
At the end of the run, the mold mats were carefully 
removed from the culture vessels and dried to con- 
stant weight. The titration data were converted 
to carbon dioxide output per 100 mg. of mj'celium. 
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I'alues for carbon dioxide produced bj' control, 
by “positive,” and by “negative” cultures were 
159 5 ml , 147 2 ml , and 134 3 ml , respectively, per 
100 mg dry weight of mold over a five-day period 
Thus, taking carbon dioxide production of the con- 
trol cultures as 100%, the corresponding figures for 
“positive” and “negative” cultures uere 92 3% 
and 84 2%, respectn^el}' 

DISCUSSION 

It has been shown that spore germination and 
growth of Pcnicilhum notattim and biosj'iithesis of 
penicillin are reduced when the organism is exposed 
to an atmosphere artificially enriched in either nega- 
tive or positive air ions, but that the effects of the 
two polarities are not identical and the functions 
measured are not affected to the same degree 

Whereas negative ionization reduced growth 
about 20% over a ten day period, it reduced antibi- 
otic production almost 40% in the same period of 
time Such a large difference cannot be ignored 
It suggests involvement of at least tw'O different 
enzyme systems, one of which is more subject than 
the other to the influence of the ions It has been 
established that enzymes can be influenced bv air 
ions For example, Nielson and Harper (5) showed 
that when intact rats were maintained in an atmos- 
phere of positively charged air ions for onlj four 
hours, the succmoxidase content of the adrenal gland 
was diminished 13% as compared with control 
animals In the present experiments, the mold 
was exposed continuouslj for periods up to ten da\s 
Recent work of other investigators suggests that an 
important target enzyme of air ions is the cjto- 
chrome oxidase sj’stem (23) 

The action of air ionization may affect enzyme 
systems to produce a molecule w ith qualitatively (or 
quantitatively) different antibiotic activitj than is 
normally formed If this w ere happening it would not 
have been detectedm the presentexperiments because 
assays were performed w ith only one test organism 
This problem should be pursued bj' the use of chro- 
matographic or other suitable techniques and by 
bioassays emploj’ing multiple test organisms This 
IS of some interest, since the data on carbon dioxide 
production, corrected for w eight of the mold mat in 
tlie different cultures, indicate that respiration pro- 
ceeds at a lower rate in cultures exposed to ionized 
air than in the controls The possibility that air 
ions alter the permeability of the mycelial cells 
should not be ignored Conceivablj-, nutrients 
might not be so readily absorbed, thereby, in effect, 
giving the organism less raw material w ith which to 
work or, alternatively, intermediates in the bio- 
synthetic reactions may leach out of the cells before 
the final antibiotic molecule is formed In cither 
case lower yields of penicillin might be expected 
Further experimentation is needed to evaluate these 
and other possibilities 

SUMMARY 

The literature on air ionization has been re- 
viewed briefl}^ w'itli particular reference to its 


biological effects Although such effects have 
been reported sporadically for more than two 
hundred years, many of the reports must be 
classified as subjectwe In recent years the 
number of reports of objectively demonstrable 
effects of air ionization on living cells, tissues, 
and organs has been increasing. 

The experiments reported in the present paper 
showed that air ions of either polarity have a 
pronounced effect on the ability of Peniallium 
notatum to produce penicillin in surface culture, 
on the ability of the fungus spores to germinate, 
and on the vegetative growth of the mold Be- 
havior of the organism in normal air, i e , air 
not carrying a heavier load of one ionic form than 
the other, was used as a reference for comparison 
An atmosphere rich in negative air ions had a 
greater depressing effect than one rich in positive 
ions on the synthesis of antibiotic, but, with 
respect to spore germination, the positive ions 
were more deleterious than the negative ones 

Preliminary experiments have suggested that 
carbon dioxide production, corrected for dif- 
ferences in mycelial weight, also is suppressed 
by both positive and negative air ions and that 
the negative ions produce a greater depressing 
effect than the positive ions. 
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Rat Bioassay of Combinations of Diuretics* 


By MARIO D. G. ACETOf and CASIMIR T. ICHNIOWSKI 

A bioassay procedure was used to determine whether or not combinations of aceta- 
zolamide sodium with selected diuretic agents would yield more effective responses 
than those induced by the individual components of a given combination. The di- 
uretics chosen for combination with acetazolamide sodium were: caffeine, mercuro- 
phylline, potassium acetate, potassium bicarbonate, potassium citrate, potassium 
nitrate, sodium acetate, theobromine, and theophylline. The best combinations 
of relatively weak diuretics were obtained with the acetazolamide sodium -|- potas- 
sium bicarbonate and acetazolamide sodium + potassium acetate series.^ Both the 
acetazolamide sodium + caffeine and acetazolamide sodiurn potassium nitrate 
combinations warrant more critical evaluation. 


'^His STUDY was undertaken to determine 
whether or not combinations of acetazola- 
mide sodium' with selected diuretics would yield 
responses better than those induced by the in- 
dividual components of a given combination. It 
was also desired to determine if weak doses of 
two diuretic compounds could be combined and 
provide a diuresis equal to or greater than that 
elicited by a larger dose of each component of a 
combination. If effective responses could be 
obtained with these combinations such mixtures 
might offer the advantage of decreased incidence 
of side effects without loss of desired pharmaco- 
logic response. 

EXPERIMENTAL 

Materials. — The acetazolamide sodium used in 
these experiments was furnished by Lederle Labora- 
tories.® Other diuretics employed were the official 
products: caffeine, mercurophylline, potassium 
acetate, potassium bicarbonate, potassium citrate, 
potassium nitrate, sodium acetate, theobromine, and 
theophylline. Acacia U S P was used as the sus- 
pending agent for the poorly water-soluble caffeine, 
theobromine, and theophylline 

Procedure. — The general procedure for rat diu- 
retic tests described by Lipschitz, ct al. (I), was 
followed. In this study, Wistar strain rats of both 
sexes in the weight range 110 to 400 Gm. were used 
Urine samples were collected in graduated glass 
cylinders over which were superimposed metal 
metabolism cages housing the medicated animals 
Combinations of two components only were studied. 
The constant member of each binary mixture was 
acetazolamide sodium. A 4% acacia mucilage in 
normal saline was used to prepare stock suspensions 
of the xanthines. These stock preparations, diluted 
with an equal volume of saline, were thoroughly 
shaken just prior to administration. All other solu- 
tions were prepared with normal saline as solvent. 


* Receiyed November 2, 1959. from the School of Phar- 
macy, University of Maryland, Baltimore 

Abstracted in part from a thesis submitted by Mario D, G, 
Aret« »!.- o — i c.., ... .f .e, ftni vcrsi ty of Maryland 

Master of Science 
of Pharmacology, Uni- 

lersityoi Pittsburgh, Pittsburgh, Pa 
’ Dmmqx Sodium is the registered trade name of Lederle 
Laboratories for acetazolamide sodium 

* The authors express their gratitude to Dr. Christopher H. 
Demos of the Lederle Laboratories for the generous supply 
ol this material. 



Fig 1. — Results of acetazolamide sodium -f 

potassium acetate assay A: . . . ., control; , 

acetazolamide sodium (dose X 10®); , potassium 

acetate; , acetazolamide sodium -F potassium 

acetate [doses in the combined curve expressed as 
mJlf/Kg. are: (o) acetazolamide sodium 0.002 + po- 
tassium acetate 1, (b) acetazolamide sodium 0.002 
-f potassium acetate 2, (e) acetazolamide sodium 
0.002 -F potassium acetate 4). All doses in figure 
are expressed as log mM/Kg, 



DOSE (LOG m.l//KG.) 

Fig. 2, — ^Results of actazolamide sodium -F po- 
tassium acetate assay B: control; 

acetazolamide sodium (dose X 10®); , 

potassium acetate; , acetazolamide sodium -F 

potassium acetate [doses in the combined curve ex- 
pressed as mjl//Kg. are: (a) acetazolamide sodium 
0.002 -F potassium acetate 1, (b) acetazolamide so- 
dium 0.002 + potassium acetate 2, (c) acetazolamide 
sodium 0.002 -F potassium acetate 4] . All doses in 
figure are expressed as log mM /Kg. 


Eight rats were used for each dose level tested. In 
any given series of tests, the experimental groups 
were of approximately equal weight. All ad- 
ministrations were made intragastrically. The 
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Table I. — Results of Two Assays: Acetazol- 
AMiDE Sodium-Potassium Bicarbonate Series 




Urinary 

Excretiol 



as Per Cent of 



Volume 



Administered 


Dose, 

> Assay 

Materials Administered 

miU/Kg. 

A 

B 

Saline 


69,2 

39.5 

Acetazolamide sodium 

0.002 

62.4 


Acetazolamide sodium 

0.004 

59,5 

60.5 

Acetazolamide sodium 

0.008 

87.7 

67 

Acetazolamide sodium 

0.017 


66.4 

Potassium bicarbonate 

1.1 

44.4 


Potassium bicarbonate 

2.2 

51.8 


Potassium bicarbonate 

4.4 

61.9 


Potassium bicarbonate 

3 


48 4 

Potassium bicarbonate 

6 


62.5 

Potassium bicarbonate 

12 


96.8 

Acetazolamide sodium 

0.002 



+ 

+ 

65 


Potassium bicarbonate 

1.1 



Acetazolamide sodium 

0.004 



+ 

+ 

72.4 


Potassium bicarbonate 

2.2 



Acetazolamide sodium 

O.OOS 



+ 

+ 

103.1 

87.1 

Potassium bicarbonate 

4.4 



Acetazolamide sodium 

0.004 



+ 

+ 


96 1 

Potassium bicarbonate 

4.4 



Acetazolamide sodium 

0.017 



+ 

+ 


100.8 

Potassium bicarbonate 

4.4 



Table II. — Results of 

Three Assays: , 

Acetaz- 

OLAMiDE Sodium-Potassium Nitrate Series 


Urinary Excretion as 
Per Cent of Volume 
Administered 


Materials 

Administered 

Dose, 

miU/Kg. 

A 

-Assay— 

B 

c 

Saline 


38.8 

44.8 

46 1 

Acetazolamide 

sodium 

0.004 

46.5 

43 2 

64.8 

Acetazolamide 

sodium 

0.008 

66 

59.2 

74 

Acetazolamide 

sodium 

0.017 

86.3 

68.6 

91.1 

Potassium nitrate 

1.25 

45.4 

25 4 

38.3 

Potassium nitrate 

2.5 

58.9 

42.9 

59.6 

Potassium nitrate 

5 

93.1 

83.1 

81.2 

Acetazolamide 

sodium 

+ 

0.002 

+ 

68.1 

58.6 

57.7 

Potassium nitrate 

0.62 




Acetazolamide 

sodium 

+ 

0.004 

+ 

94.5 



Potassium nitrate 

1.25 




Acetazolamide 

sodium 

+ 

0.008 

+ 

109.7 



Potassium nitrate 

2.5 




Acetazolamide 

sodium 

+ 

0.002 

+ 


42.1 

52.3 

Potassium nitrate 

1.25 




Acetazolamide 

sodium 

+ 

0.002 

+ 


65.3 

63.2 

Potassium nitrate 

2.5 






Fig- 3. — Results of acetazolamide sodium -|- po- 
tassium acetate assay C: control; , 

acetazolamide sodium (dose X 10’); -, 

potassium acetate ; , acetazolamide sodium -f 

potassium acetate [doses in the combined curve ex- 
pressed as mM/Kg. are: (a) acetazolamide sodium 
0.002 J- potassium acetate 1, (b) acetazolamide so- 
dium 0.002 -f- potassium acetate 2, (c) acetazolamide 
sodium 0,002 -f potassium acetate 4] . All doses in 
figure are expressed as log milf/Kg. 


Table m. — R esults of Three Assays: Acetaz- 
olamide Sodium- Caffeine Series 


Urinary Excretion as Per 
Cent of Volume Administered 


Materials 

Administered 

Dose, 

mA//Kg. 

A 

- — Assay 
B 

C 

Saline 


40. S 

43.5 

55.2 

Acacia in saline 
Acetazolamide 




56.9 

sodium 

Acetazolamide 

0,004 

43.5 

80.8 

80.2 

sodium 

Acetazolamide 

0.008 

56.5 

67.6 

66.3 

sodium 

Acetazolamide 

0.017 

61.2 

85.6 

100 

sodium in 
acacia-saline 

0.004 



62 

Acetazolamide 





sodium in 
acacia-saline 

0.008 



82.8 

Acetazolamide 





sodium in 
acacia-saline 

0.017 



87.6 

Caffeine 

0.1 

55.9 

76 ! 5 

74.7 

Caffeine 

0.2 

44.1 

52.5 

79.9 

Caffeine 

Acetazolamide 

0.4 

61.2 

76.9 

73.9 

sodium 

0.008 




+ 

+ 

91.1 



Caffeine 

Acetazolamide 

0.1 




sodium 

0.008 




+ 

+ 

87.6 



Caffeine 

Acetazolamide 

0.2 




sodium 

0.008 




■f 

+ 

107.7 



Caffeine 

Acetazolamide 

0.4 




sodium 

0.002 




+ 

+ 


48 


Caffeine 

Acetazolamide 

0.1 




sodium 

0.002 




+ 

+ 


77.1 


Caffeine 

Acetazolamide 

0.2 




sodium 

0.002 



117.7 

+ 

+ 


104.9 

Caffeine 

0.4 
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DOSE (LOG mU/KG.) 

Fig. 4. — Results of acetazolamide sodium + po- 
tassium bicarbonate assay C; control; 

, acetazolamide sodium (dose X W)', 

, potassium bicarbonate; , acetazola- 
mide sodium -f- potassium bicarbonate [doses in the 
combined curve expressed as mil//Kg. are: (a) 
acetazolamide sodium 0.002 -f- potassium bicarbon- 
ate 4.4, (b) acetazolamide sodium 0.004 -f potassium 
bicarbonate 4.4, (c) acetazolamide sodium 0.008 -f- 
potassium bicarbonate 4.4]. All doses in figure are 
expressed as log mM /Kg. 



DOSE (LOG mjt//KG.) 

Fig. 5. — ^Results of acetazolamide sodium -f- po- 


tassium bicarbonate assay D; control; 

, acetazolamide sodium (dose X 10®): 

, potassium bicarbonate; , aceta- 


zolamide sodium -f potassium bicarbonate [doses in 
the combined curve expressed as mM/Kg. are; 
(a) acetazolamide sodium 0.002 -b potassium bi- 
carbonate 4.4, (b) acetazolamide sodium 0.004 -j- po- 
tassium bicarbonate 4.4, (c) acetazolamide sodium 
0.008 4- potassium bicarbonate 4.4]. All doses in 
figure are expressed as log m jlf/Kg. 


volume administered to each animal was 25 cc./Kg. 
Dose-eSect relationships were established for each 
diuretic material. Based on these data, combina- 
tions of acetazolamide sodium with other individual 
diuretics were prepared and screened for effect. The 
promising combinations were then subjected to fur- 
ther study. An estimate of the activity of a 
'' diuretic combination included, on any given day of 
the test, a comparison of the dose-response rela- 
tionships of the combinations with those of the 
individual components of the combination. 

RESULTS AND DISCUSSION 

The two series considered the most effective com- 
binations of weak diuretic doses were acetazolamide 
sodium with potassium bicarbonate and the carbonic 
anhydrase inhibitor with potassium acetate. The 
various interrelationships in these two series are 
given in Figs. 1 to 5. The slopes representing the 
acetazolamide sodium 4- potassium bicarbonate 
dose-effect relationships in Figs. 4 and 5 appear 
perpendicular because, for each dose combination, 
the dose for potassium bicarbonate remained con- 
stant at 4.4mJlf/Kg. and the dose for acetazolamide 
sodium varied only from 0.002 to 0.008 mllf/Kg. 
Table I presents additional similar data obtained 


from other assays in the acetazolamide sodium -[- 
potassium bicarbonate series not presented in graph 
form. 

Although certain dose combinations in both the 
acetazolamide sodium -f- potassium nitrate and 
acetazolamide sodium -f caffeine series indicated 
merit in combining weak doses of the components, as 
shown in Tables II and III, respectively, it is felt 
that the limited testing precludes a general con- 
clusion. 

Tests carried out with potassium citrate, sodium 
acetate, theophylline, and theobromine were indica- 
tive that these diuretics offered little promise when 
combined with the carbonic anhydrase inhibitor. 

Attempts to include mercurophylline in this study 
were unsuccessful. Inconsistent results were ob- 
tained with doses ranging from 0.01 to 81.0 mg. /Kg. 
Even when the assay time was extended to eight 
hours to determine any delayed action of the mer- 
curial, no increase in diuretic effect occurred. 

With regard to the xanthine diuretics, the in- 
consistencies and difficulties encountered by 
Lipschitz, et ah (1), in the main were confirmed. 
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The Determination of Eucalyptol by Residual 
Titration With Hydrogen Bromide in Acetic Acid* 

By MARTIN I. BLAKEf and GILBERT RABJOHN 


Eucalyptol is determined by treating samples 
■with an excess of hydrogen bromide reagent. 
After a forty-eight-hour standing period, ex- 
cess hydrogen bromide is titrated with sodium 
acetate in acetic acid. Mixtures of eucalyptol 
with thymol, menthol, and camphor are ana- 
lyzed for eucalyptol content. Quantitative 
recoveries are reported. 

’ I 'he official compendia have never recognized 
an assay procedure for eucalyptol as the free 
compound, or in the form of eucalyptus oil, or 
when combined with other medicaments. The 
British Pharmacopoeia (1) adopted a method of 
analysis based on the melting point of the mo- 
lecular compound which forms with o-cresol. 
Guenther (2) describes a freezing point method. 
Martin and Harrisson (3) developed a spectro- 
photometric procedure based on the color reac- 
tion with ^-dimethylaminobenzaldehyde. Meth- 
ods for the detection and determination of 
eucalyptol were reviewed b}^ these authors. 

Durbetaki (4) used hydrogen bromide in 
acetic acid for the direct visual titration of oxirane 
oxygen in epoxy type compounds. The proce- 
dure was shown to be accurate and rapid. This 
paper describes a modification of this procedure 
for determining eucalyptol, an inner ether. The 
sample is treated with an excess of hydrogen bro- 
mide reagent and after the reaction is complete, 
unreacted hydrogen bromide is titrated with so- 
dium acetate in acetic acid using methyl violet as 
the indicator. The procedure is applied to mix- 
tures of eucalyptol with menthol, camphor, and 
thymol. 

EXPERIMENTAL 

Preparation and Standardization of Solutions. — 
Hydrogen bromide 0.1 N in acetic acid was pre- 
pared (5) by adding bromine dropwise into tetra- 
hydronaphthalene (Tetralin). The h 5 ’drogen bro- 
mide gas, which formed as a result of the reaction, 
was passed into glacial acetic acid. A concen- 
trated solution of hydrogen bromide in acetic acid 
was prepared in this waj' and corresponded to ap- 
proximately a 0.5 N solution. Sufficient glacial 
acetic acid was added to make the solution about 
0.1 N. The final solution was standardized bj- titra- 
tion with 0.1 N sodium acetate in acetic acid. This 
was accomplished by transferring exactly 25 ml. of 
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lij'drogen bromide solution by pipet to a 125-m] 
Erlenmeyer flask. Twenty milliliters of glaeia 
acetic acid was added, followed by the addition o 
three drops of methyl violet indicator solution (pre 
pared by dissolving 1.0 Gm. raethjd violet crj’stal 
in 100 ml. of glacial acetic acid). A stirring bar wai 
added and the solution, magneticall}' stirred, wa 
titrated to the first permanent blue color with 0.1 i' 
sodium acetate in acetic acid. 

Sodium acetate 0.1 solution was prepared ant 
standardized as described in an earlier paper (6). 

Procedure of the Analysis of Pure Eucalyptol.— 
A sample of eucalyptol, 100-200 mg., was ac- 
curately weighed into an iodine flask. This was 
best accomplished by placing eucalyptol into a half- 
ounce dropper bottle and weighing the system. 
Eucalyptol, 5-8 drops, was added to the flask and 
the system was again weighed. The sample weight 
was obtained from the difference in weight. Twenty 
milliliters of glacial acetic acid was added to the 
flask, followed by the addition of exactly 25 ml. of 
0 1 A hydrogen bromide solution. The flask was 
tightly stoppered and permitted to stand at room 
temperature for forty-eight hours. Excess hydrogen 
bromide was determined bj' rapidly titrating with 
0.1 A sodium acetate solution to the first permanent 
blue color using three drops of methyl violet indica- 
tor solution for detection of the end point. The 
solution was magneticalb’ stirred during titration. 
A blank run was conducted in the same manner ex- 
cept no eucalj-ptol was added. With each series of 
4-6 determinations a blank was run to correct for 
any changes in normality of the hydrogen bromide 
solution. The analysis of pure eucalyptol is reported 
in Table I. 


Table I. — Analysis of Pure Constituents" 


Constituent 

Recovery, 

% 


Eucalpytol 

99.86 ± 0.11 


Camphor 

00.00 


Thymol 

00.00 


Menthol 

00.00 



<» Eight determinations 


Calculation of Per Cent Recovery. — -Per cent re- 
covery of eucab’ptol was calculated from the ex- 
pression 

rVol. 0.1 A acetate _ Vol. 0.1 AacetateT 
Lconsumed in blank consumed in run J 

X 7.713 X 100 ^ 

Weight of sample in mg. 

% Eucalyptol 

Reaction Time. — The course of reaction between 
eucalyptol and hj’drogen bromide was studied by 
analyzing a series of eucalyptol samples after stand- 
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ing for varying time intervals. Reaction time varied 
from one to one lumdred and tweiity-eiglit hours. 
Reaction was found to be complete after standing 
at least forty hours. Forty-eight hours was selected 
as convenient time for this procedure. 

Analysis of Eucalpytol Mixtures. — Constituents 
commonly employed with eucalyptol were analyzed 
in the manner described for encalpytol. These in- 
cluded thymol, menthol, and camphor. Results 
are reported in Table I. 

Mixtures containing eucalj'ptol and one or more 
other constituents were analyzed. These were pre- 
pared by weighing calculated quantities of the com- 
ponents into a 50-ml. volumetric flask and diluting 
to the mark with anhydrous methanol. Analysis 
was effected by transferring a 1-ml. aliquot of the 
solution by pipet to an iodine flask and treating in 
the same manner as the pure eucalyptol samples. 
At least four 1-ml. aliquots and a blank were run 
simultaneously on each mixture. Representative 
mixtures are indicated in Table II. The com- 
ponents are listed in the first column and their con- 
centrations in mg. per ml. are shown in column 2. 
Per cent recoveries are indicated in the third 
column. 


DISCUSSION 


Eucalyptol has been shown to react quantitatively 
with hydrogen bromide in acetic acid. The equa- 
tion for the reaction appears to be 



+ HjO 


Since the reaction was found to be a slow one, direct 
titration was not feasible. However, good results 
were obtained by adding an excess of hydrogen 
bromide reagent and permitting the reaction to 
stand for a forty-eight-hour period. The excess 
hydrogen bromide was readily determined by titra- 
tion with sodium acetate in acetic acid using methyl 
violet as the indicator. No difficulty was en- 
countered in observing the first blue color denoting 
the end point. Since each mole of eucalyptol reacts 
with two moles of hydrogen bromide, the equivalent 
weight of the former is one-half the molecular weight 
or 77.13. Therefore, as shown in the expression for 
calculating per cent eucab'ptol, each ml. of 0.1 N 
sodium acetate is equivalent to 7.713 mg. of eucalyp- 
tol. Quantitative recovery is shown in Table I. 
Since no reaction was observed with thymol, men- 
thol, or camphor, the procedure described in this 
paper is suitable for determining eucalyptol in the 
presence of these constituents. Results of the 
analysis of a variety of such mixtures are shown in 
Table II. 


Table II. — Analysis of Mixtures for 
Eucalyptol Content 


Constituents 

in 

Concentration, 

Eucalyptol 

Mixture 

mg /ml. 

Recovery, % 

Eucal 5 ^ptol 

138.0 

99.12 ± 0.22 

Camphor 

50.4 


Eucalj'ptol 

140.3 

101.33 ± 0.31 

Thymol 

51.5 


Eucalyptol 

139.5 

99.01 ± 0.16 

Menthol 

49.0 


Eucalyptol 

152.8 

98.75 ± 0.25 

Menthol 

20.0 


Camphor 

19.9 


Eucalyptol 

151.6 

99.45 ±0.23 

Menthol 

40.2 


Th}’mol 

39.8 


Eucalyptol 

139.3 

98.86 ± 0.19 

Menthol 

20.2 


Camphor 

19.8 


Thymol 

20.0 


Eucalyptol 

143.4 

101.85 ± 0.12 

Menthol 

39.8 


Camphor 

40.1 


Thymol 

41.2 



The procedure was applied to the analysis of 
eucalyptus oil for eucalyptol content. A series of 
ten determinations, based on the procedure described 
for eucalyptol, yielded an average result of 85.21%. 
However, by the British Pharmacopoeia method 
(1) an average result of 71.5% was obtained. The 
freezing point method, described by Guenther (2), 
gave an average result of 72.0%. Apparentlj', other 
constituents present in the oil, probably unsaturated 
compounds, reacted with the hydrogen bromide, 
producing high results. Other work conducted in 
this laboratory indicated that this reagent reacts 
quantitatively with certain unsaturated volatile oil 
constituents. This will be reported in another paper. 

The hydrogen bromide titrant must be stored in a 
tightly stoppered container. It was noted that 
over a period of several weeks, the normality of the 
solution decreased slightly. This was taken into ac- 
count by conducting a blank with each series of 
determinations. 

The procedure described in this paper is a simple 
and accurate one. The chief disadvantage is the 
forty-eigbt-hour standing period required for com- 
pletion of the reaction. The reaction appears to be 
very selective, affecting specific ty'pes of ethers and 
certain unsaturated compounds. Basic compounds 
such as amines also interfere. 
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The Toxicity and Safety Testing of Disposable 
Medical and Pharmaceutical Materials* 

By JOHN H. BREWER and HAROLD H. BRYANT 


Many disposable surgical and pharmaceutical 
materials are not adequately tested for their 
toxicity and compatibility with tissues. Sug- 
gested techniques are described for testing 
these items. By the use of such tests the 
various items available may be checked and a 
choice made between those which should not 
be used and those which have been ade- 
quately tested and are found to be satisfactory. 

"Decause of high labor cost and an inadequate 
supply of properly trained personnel, the 
demand for disposable, ready-to-use medical and 
pharmaceutical materials has resulted in the 
introduction of many such items in the commer- 
cial market. Disposable syringes, needles, vials, 
catheters, drain tubes, and countless other items 
are now available. For the most part these are 
made of plastic or one of the newer, lighter weight 
alloys. Many of these items offer advantages 
over the original re-usable item. The throw- 
away hypodermic needle, for instance, cannot 
I transfer infectious hepatitis from one patient to 
another, and, since the needle point does not 
have to withstand repeated injection, it can be 
made much sharper. More care can be given to 
its sterilization in autoclaves or gas sterilizers 
with the proper controls than by the busy 
physician with an office sterilizer. Also, the 
individual needle can be sealed in the final 
package before sterilization, and it maintains 
sterility xmtil the time of use. 

Other disposable items have similar advantages 
over the original re-usable ones. By changing the 
plasticizers or other chemicals in the plastic 
formulations, catheters may be made with any 
flexibility desired. From a pharmaceutical 
point of view, bottles and pharmaceutical “glass- 
ware” which will not break have many advan- 
tages. The pharmacist must take care, how- 
ever, in the use of these materials, since some of 
the plasticizers may be leeehed out and react 
with the drugs stored in them. Or they may be 
permeable to, or soluble in, the solvents which 
they contain. 

The individual plastic or alloy formulations 
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must be carefully tested by chronic and acute 
testing methods before being employed. Tests 
which simulate actual conditions of use should 
be employed, with added tests to give a large 
degree of safety. 

The responsibility of the manufacturer does 
not end with the careful checking of the original 
formulation, but tests on each individual lot 
must be performed, since plasticizers, coloring 
agents, and plastics may change from lot to lot 
without the manufacturer's knowledge. 

The Food and Drug Administration has been 
very interested in those plastic formulations 
used for food containers, and a number of pub- 
lications have appeared stating which plasticizers 
and other substances may or may not be used for 
such items. This has led to some false sense 
of security on the part of the surgical suppliers; 
they felt that since their formulations met 
these requirements that they were entirely satis- 
factory and met all the requirements for medical 
use. A great deal of harm may have been done 
by the labeling of some plastic tubings as medical 
grade tubing, without adequately testing the 
material by imbedding samples in animals. 
Drains and indwelling catheters made from some 
of this material cause tissue reaction and necrosis 
which is open to bacterial infection. 

Although the U. S. P. has certain sterility 
and toxicity requirements for plastic tubing 
assemblies used in blood collection and trans- 
fusion, no such requirements or tests are out- 
lined by either the U. S. P. or FDA for tubing to 
be used for drains or indwelling catheters. 

One has only to recall the reports in publica- 
tions of the AMA on reactions to improperly 
tested plastic formulations used in watch bands, 
belts, etc., to understand how much more 
important is the adequate testing of plastics for 
surgical and medical use. 

Several years ago the authors were asked by a 
firm, which was planning to manufacture a plas- 
tic-hubbed hypodermic needle, to develop toxicity 
and safety tests for this item. The procedure 
devised would be used to determine whether the 
plastic formulations, which met their physical 
specifications, would also prove nontoxic under 
all the uses to which needles would be subjected. 
Several arbitrary tests were developed; some 
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actually simulated conditions of use and others 
were developed to give a margin of safety. 
It was found that a few coloring materials could 
not be used since they tvould leech out on long 
contact with saline, which might occur during 
use. Some formulations were found to be toxic 
and could not be used. In like manner, some 
plasticizers were found to be unsatisfactory. 

TEST PROCEDURES 

The specific tests which are applied to needles are 
as follows: Each needle hub formulation is checked, 
using the following solvents; 0.9% saline, 5.0% 
ethyl alcohol, sesame oil, and polyethylene glycol, 
since these would represent the most common sol- 
vents used in parenteral products. Xot less than 
20 needles are covered with each of the above men- 
strua, 1.5 ml. per needle. The overlay preparations, 
along with control portions of the four solvents, arc 
held at 37° for eighteen to twenty-four hoius. 
The eluates are decanted after vigorous agitation to 
aid elution of possible surface reaction products. 
The following tests are then performed : 

Acute Toxicity . — Fifteen healthy mice, weighing 
18-22 Gm., are injected rvith each of the menstrua, 
paralleled by five mice using the control solutions. 
The saline and ethyl alcohol eluates arc injected in- 
travenously, 1.0 ml. per mouse. The sesame oil and 
polyethylene glycol are injected intraperitoneally, 
1.0 ml. per animal of the first, while a dilution of the 
polyethylene glycol is used which is just below the 
level causing toxic manifestations in previous con- 
trol studies. The animals are observed for seventy- 
two hours. 

Bleb Reactivity . — Each of the tour elution men- 
strua is injected intracutaneously, 0.2 ml. into each 
of ten sites, paralleled by ten 0.2-ml. control blebs 
in the backs of two rabbits. The first three are in- 
jected undiluted, while the polyethylene glycol is 
diluted to contain 20 mg. in the 0.2-ml. bleb volume. 
The sites are observed for seventy-two hours for 
erythema, edema, or necrosis. 

Pyrogenicity. — Ten needles are heated in 200 ml. 
saline to not less than 85° for one hour and the U. S. 
P pyrogen test on the decanted eluate performed. 

After the original formulation study, production 
control tests are run, using the saline overlay only. 

To simulate actual conditions of use, as in derma- 
tological work, needles arc attached to a small 
syringe and 0.25 ml. saline is drawn into the syringe, 
leaving the needle cannula filled. These are placed 
in a tray and held twenty-four hours at 37°, and 
then blebs raised on a rabbit. Since only a very 
small area of the inside of the hub is actually in con- 
tact with the solution, one might never expect to 
obtain any toxic reaction. In this manner it has 
been possible to observe toxicities on some of the 
formulations discussed above. 


OBSERVATIONS 

Although these tests were designed for plastic 
I'ubs, some interesting findings were noted when 
experimental lots of aluminum hub needles were 
submitted to these tests. At first it was not 


thought necessary to test an all metal needle for 
toxicity', since no pkisticizers or epoxy' resins were 
involved. Since it was known that some of the al- 
loys used contained a small amount of lead to facili- 
tate manufacture, we decided to submit these 
needles to the same test. A floccular precipitate de- 
veloped in the saline, and on intravenous injection 
into the mice killed all of the ten mice within a few 
minutes. When this floccular material was sub- 
mitted to the bleb type of test, all the test sites 
gave positive skin reactions. 

These sudden deaths and positive skin tests could 
not possibly be due to the small amount of lead 
eluted from these hubs since less than 1 mg. of weight 
loss occurred during the saline soaking. The deaths 
must be due to embolism of the floccular material 
which occurs with aluminum and saline. These 
tests were repeated with distilled water, and only a 
slight haze was seen. However, when this material 
was made isotonic with sodium chloride for intra- 
venous injection, the floccular precipitate developed 
and death resulted in the mice, although not to the 
same extent since the amount of precipitate was not 
as great. No deaths occurred when this material 
was given intraperitoneally' or when the experi- 
menter was very careful not to disturb the precipi- 
tate and only injected the supernatant liquid. 

This type of safety test does not simulate actual 
conditions of use since the entire surface area is in 
contact with the solution. In the actual use type of 
test in which the needles were placed on the sy'ringe 
and 0.25 ml. saline dratvn into the syringe and al- 
lowed to stand, as might occur in a dermatologic 
clinic where large numbers of allergens are being 
tested, positive skin tests did occur in the blebs 
raised on the rabbits, provided the material was 
mixed by siiaking and the precipitate which formed 
expelled. To determine whether or not this ma- 
terial might also cause false positive reactions in 
humans, dermatologists repeated these tests, making 
sure that they mixed the material before injection. 
About 40% false positive reactions on two series of 
tests employing this technique were obtained. The 
number of reactions in the animals and humans is 
proportional to the amount of precipitate which is 
injected. If the sy'ringe is handled very' carefully 
so that most of the precipitate remains in the syringe, 
fewer positive reactions will result. 

From the point of view of the hospital pharmacist 
or laboratory technician, aluminum-hubbed needles 
should not be used on a pitkin or other type dispens- 
ing syringe, which is placed back in the flask of 
saline each time in order to fill it and then remains 
in the saline. When used in blood grouping or 
other tests employing washed red cells, the small 
amount of aluminum eluted may cause agglutination 
of the red cells and lead to erroneous results. This 
finding was noted by' one of the blood banks that 
was using saline from a bottle to which an aluminum 
needle was attached and which remained in contact 
with the saline for a long period of time. 

For disposable syringes a slightly different tech- 
nique must be employ'cd in testing. Each syringe 
formulation is studied, using the solvents discussed 
under needle testing. With the syringes, the barrels 
of 20 units are filled with the solvent and allowed to 
warm to 37° for twenty-four hours. The eluates 
are then combined and tests for acute toxicity and 
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Fig 4 — Intramuscular implant, seveiit\-t«o hours, shouing reaction 
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bleb reactivity simulating those for the needle 
eluates are performed. 

Plastic syringe plungers and rubber plunger tips 
are studied by elution, in much the same manner as 
described above for needles, except that 10 Gm. of 
the test material may be covered with 50 ml. of the 
elution menstruum rather than by using 20 test 
items. 

Control testing of approved formulations in 
syringe assemblies is performed by drawing 1.0 ml. of 
0.9% saline into the syringe plus 1.0 ml. of air, and 
eluting the assembly for eighteen to twent 3 ’-four 
hours at 37°. Twentj’ units are so eluted and the 
eluates combined for acute toxicitj’ and bleb reac- 
tivity- tests. 

Other plastic items; indwelling catheters, drains, 
stomach tubes, intravenous feeding tubes, and tub- 
ing for general medical use are also tested. Plastic 
formulations developed for use in contact with body- 
tissues, especially- where the normal epithelium has 
been interrupted, are tested for acute toxicity, bleb 
reactivity-, tissue reaction, and py-rogenicity-. 

Ten grams of the material is cut into relatively- 
small pieces and covered with 50 ml. of sterile 0 9% 
saline; a like preparation is made using 5.0% ethyl 
alcohol. These overlays are then warmed to 37° 
for twenty-four hours, along with control portions 
of the two menstrua. The overlay-s are then vigor- 
ously shaken and the elution menstruum decanted. 

Acute toxicity- is determined by- injecting the un- 
diluted eluates and control solution in doses up to 
1.0 ml., both intravenously and intraperitoneally, 
in mice weighing 18-22 Gm. This is equivalent to 
injecting the eluate from 10 Gm. of the plastic per 
Kg. of body yveight. 

Bleb reactivity is determined in a manner simulat- 
ing that described above under needle testing. 

Tissue reaction or toxicity exhibited by the tissues 
in contact with the plastic material is studied by- im- 
planting sections roughly 1.5 X 10 mm. in size 
subcutaneously- and intramuscularly- in the rabbit. 
At least four such sections are implanted subcutane- 
ously-, paralleled by- four known nonreactive con- 
trols; a like number are implanted intramuscularly- 
in a second animal. The implants are allowed to 
remain in place for seventy--two hours, after which 
the animals are sacrihced and the implant sites ex- 
amined for surrounding reactive material. The 
acute, seventy--two-hour tests are evaluated by- 
careful gross examination only-. Those formula- 
tions which pass the acute implant tests and which 


may- be in contact with the body- tissues for a longer 
period of time are also implanted for sixty--day 
periods. These implant sites are then evaluated by- 
gross examination and histologically- by a competent 
clinical pathologist. Likewise, those formulations . 
likely- to be used in contact with the central 1 
nervous system are implanted for seventy-two hours 
and sixty- days in the cerebral cortex of the rabbit 
for careful evaluation. The implantation procedure 
has proved to be the most useful of the tests devised 
to determine tissue compatibility of a plastic formu- 
lation. 

Py-rogenicity- is studied by- heating 10 Gm. of the 
formulation in 200 ml. of saline to not less than 85 ° 
for one hour, and subjecting the eluate to the stand- 
ard U. S. P. py-rogen test procedure. 

When a number of the medical grade tubings were 
tested, some were found to be entirely- satisfactory 
and produced no reaction in contact with the tissues, 
as shown in Figs. 1 and 3. Other samples of tub- 
ing produced a very- severe reaction, as shown in 
Figs. 2 and 4. 

SUMMARY AND CONCLUSIONS 

It is felt that before use of any- material which 
may produce pathological conditions, that unless 
there is proof that such testing has been done on 
each lot produced, similar tests on each lot of 
material purchased should be run. 

As stated above, some of these tests are severe 
and do not simulate actual conditions of use, 
but were designed to give a margin of safety. ^ 
They may also explain some of the reactions 
which have been encountered in the use of these 
“throyv-ayvay” type products yvhich, until notv, 
could not be accounted for. 

It is realized that the tests described are not 
ideal for all of the different disposable items 
available. The purpose of this paper is to stimu- 
late the hospital phannacist or other persons 
responsible for the purchase of disposable medical 
supplies to make sure that adequate sterility 
and toxicity testing has been performed, and 
that the items are satisfactory for the purpose 
for yvhich they- are to be employed. 



Ejffects of Tranquilizers on Bacterial Toxemias II. 

Meprobamate* 

By LEO GREENBERG and JAMES W. INGALLS 


Pretreatment of rats and mice with meproba- 
mate prior to inoculation with lethal doses of 
bacterial exotoxins and endotoxins resulted 
in a highly significant prolongation of life. 
However, the drug showed no effect on sur- 
vival time in overwhelming infections in- 
duced by Diphcoccus pneumoniae or Salmonella 
typhimurium. In Salmonella enteritidis infec- 
tion, chlorpromazine increased the suscepti- 
bility of mice far more markedly than did 
meprobamate. 

ATeprobamate is a potent pharmacological 
agent of wide clinical use, and its role in 
the alleviation of stress syndromes of various 
etiologies is well known. Yet, few references to 
its role in bacterial stress have been reported. 
It is known that the drug is capable of signifi- 
cantly prolonging the life of guinea pigs in 
diphtheric toxemia (1), and recent publications 
have indicated that it significantly affects the 
immunological response of rabbits to Salmonella 
lyphivmrium infection (2, 3). 

In a previous study (4), it was shown that 
reserpine is capable of favorably influencing the 
sunflval time of experimental animals injected 
with lethal doses of tetanus toxin, botulinum 
toxin, or Diphcoccus pneumoniae. On this 
basis, our experiments were extended to other 
psychotropic drugs within the framework of 
bacterial stress. The present paper summarizes 
our results with meprobamate. 

MATERIALS AND METHODS 

The animals used in this study were 200-300 Gm. 
male and female CFN rats and 20-25 Gm. CFl 
male mice. All were caged in small groups and kept 
in the thermostaticalb' controlled animal house for 
several days prior to use. In toxin experiments, food 
was withheld after inoculation, but water ivas given 
ad libitum. 

Meprobamate^ powder was dispersed in 2.5 or 
5.0% acacia solution. In all experiments, paired 
groups of animals were used. The control group 
was injected with acacia solution in a volume equal 
i to that received by the experimental group. All 
i control and experimental animals in any given series 
\ were inoculated within a few minutes of one another. 
\ Tetanus toxin" in 0.85% sodium chloride solution 
with 0.3 ilf glycine, an Lf titer of 870/ral. and a 
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mouse LDso of 112 million was used throughout. 
Purified Clostridium botulinum type A toxin^ 
diluted with two parts of glycerol and a mouse LDso 
of approximately 5 X lOVml. was used. Toxins 
ivere stored in the refrigerator, the botulinus material 
at —20° to maintain potencj^. Eschericltia coli 
026 ;B6 and Salmonella typhosa 901 endotoxins were 
purchased as powdered lipopolysaccharides from 
Difco Laboratories. All toxins were diluted with 
sterile isotonic saline. 

Diphcoccus pneumoniae strain SVI was obtained 
as a lyophilized culture from the Rockefeller Insti- 
tute and grown in brain heart infusion broth 
(Difco). Slants were maintained on brain heart 
infusion agar with added blood. Subculturing was 
done weekly and virulence maintained by monthly 
mouse passage. For inoculations, eighteen-hour 
broth culture containing approximately 2 X 10* 
organisms/ml. was used. 

Salmonella enteritidis (No. 13076) and Salmonella 
typhimurium (No. 6994) cultures were purchased 
from the American Type Culture Collection and 
maintained on Trypticase soy agar (Difco) with 
added 1% glucose. An eighteen-hour Trypticase 
soy broth culture containing approximately 4 X 
10* organisms/ml. was used for inoculations. 

AH toxin and bacterial injections were in a volume 
of 0.1 ml. All inoculations were made intraperi- 
toneally. None of the diluent substances used 
showed any toxicity to mice or rats, and sterile broth 
injections were without apparent effect. 

RESULTS AND DISCUSSION 

Toxin Studies. — Results with meprobamate at 
various dose levels in both rats and mice subjected 
to lethal doses of bacterial toxins are summarized in 
Table I. It is evident that in doses between 200 
rag./Kg. and 533 mg./Kg., meprobamate exerted a 
powerful life-prolonging effect in both species. 
This effect was demonstrated in both exotoxic and 
endotoxic states, and in all cases was directly pro- 
portional to the dose of meprobamate used. 

As in our previous findings ivith reserpine (4), this 
response was evoked only under the specific set of 
conditions which were employed, namely, a large dose 
of meprobamate injected shortly before the introduc- 
tion of a highly lethal dose of toxin. The failure of 
the drug to influence survival when administered one 
hour post-to.xin is apparent. Further, no influence 
on survival was noted following the use of highly 
dilute toxin solutions and the use of small divided 
doses of meprobamate prior to toxin injection. 

The studies on E. coli and 5. typhosa endotoxins 
were carried out several weeks apart. The remark- 
able similarity of the data achieved apparently sup- 


> Supplied through the courtesy of Matteo Cardella 
Immunology Branch, U. S. Army Biological Warfare Labora- 
tones. Fort Detrick, Frederick, Md. 
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Table I. — Effect of Meprobamate on Survival Time from Bacterial Toxins in Male Rats and 

Mice 


Animal 

No. 

Treatment 

Dilution 

Survival, 
min. =fc S. E. 

Significance 

Mice 

10 

Botulinus E,xotoxin 
533 mg./Kg. Meprobamate 

1-100 

135.0 ± 11.9 

P <0.05 

Mice 

10 

Acacia solution 

1-100 

102.2 ± 8.9 


Mice 

25 

533 mg./Kg. Meprobamate 

1-10 

92.0 ± 7.9 

P <0.01 

Mice 

25 

Acacia solution 

1-10 

65.9 ± 2.9 


Rats 

7 

500 mg./Kg, Meprobamate 

1-10 

515 ± 50 

P <0.01 

Rats 

7 

Acacia solution 

1-10 

348 ± 15 


Rats 

10 

400 mg./Kg. Meprobamate 

1-10 

437 ± 28 

P <0.01 

Rats 

10 

Acacia solution 

1-10 

323 ± 11 


Rats 

10 

400 mg./Kg. Meprobamate post-toxin 

1-10 

255 

No significance 

Rats 

10 

Acacia solution post-toxin 

1-10 

258 


Mice 

10 

Tetanus Exotoxin 
533 mg./Kg. Aleprobamate 

1-100 

234.5 ±20.7 

P <0.05 

Mice 

10 

Acacia solution 

1-100 

180.0 ± 12.7 


Rats 

10 

500 mg./Kg. Meprobamate 

1-10 

1057 ± 122 

P <0.02 

Rats 

10 

Acacia solution 

1-10 

719 ± 33 


Rats 

10 

400 mg./Kg. Meprobamate 

1-10 

997 ± 62 

P <0.001 

Rats 

10 

Acacia solution 

1-10 

719 ± 33 


Rats 

8 

200 mg./Kg. Meprobamate 

1-10 

830 ± 37 

P <0.05 

Rats 

8 

Acacia solution 

1-10 

743 ±9 


Rats 

8 

500 mg./Kg. Meprobamate post-toxin 

1-10 

1227 ± 234 

No significance 

Rats 

8 

Acacia solution post-toxin 

1-10 

1103 ±238 


Mice 

10 

E. coli Endotoxin 
533 mg./Kg. Meprobamate 

1-50 

865 ± 81 

P <0.02 

Mice 

10 

Acacia solution 

1-50 

622 ± 38 


Mice 

10 

5. lyphosa Endoxotin 
533 mg./Kg. Meprobamate 

1-50 

861 ± 79 

P <0.02 

Mice 

10 

.4cacia solution 

1-50 

624 ± 35 



ports the current concept of the nonspecific nature 
of such lipopolysaccharide extracts from Gram-nega- 
tive bacilli. 

Bacterial Studies. — It has been previously shown 
(4) that reserpine is capable of significant!}' prolong- 
ing the life of animals injected with an overwhelm- 
ingly lethal dose of Diplococcus pneumoniae. Ex- 
periments with meprobamate and D. pneumotiiae 
did not yield conclusive results although almost a 
thousand animals were used in an effort to establish 
a consistent response. 

With our bacterial inoculum, infected animals 
always died between the sixteenth and forty-eighth 
hours postinjection. A single dose of 420 mg./Kg. 
meprobamate either one hour before or one hour 
after D, pneumoniae challenge did not affect sur- 
vival. Preconditioning the animals with four 
injections of 300 mg./Kg. meprobamate eight hours 
apart prior to bacterial inoculation had no effect 
upon survival, and injections of the drug on the 
same schedule commencing immediately after bac- 
terial inoculation tended to shorten survival. A sin- 
gle injection of 720 mg./Kg. meprobamate one hour 
prior to bacterial introduction resulted in increased 
survivals, while a dose of 800 mg./Kg. reduced sur- 
vivals as compared to controls. In neither case, 
however, was statistical significance achieved. 

During oUr experiments, we noted with interest 
the report by Grosz and Norton (5) that chlor- 
promazine increased the susceptibility of mice to 
infection with Salmonella enlerilidis. Therefore, 
we compared the relative intensity of this response 
in both chlorpromazine and meprobamate-treated 
animals inoculated with 5. enlerilidis. From the 



NUMBER OF DAYS 

Fig. 1. — Effect of meprobamate and cfilorpro- ^ 
mazine on survival time of mice infected with Salmon- 
ella enlerilidis. O Acacia, meprobamate control; 

X water, chlorpromazine control; • meprobamate, 
533 mg./Kg.; A chlorpromazine, 2 mg./Kg. 

/ 

results plotted in Fig. 1 it is evident that chlor- 
promazine did significantly shorten the life of in- 
fected animals in the dose employed. Meprobamate 
also reduced the survival time of infected animals, 
but to a far lesser extent than did chlorpromazine. 
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Similar comparisons were then undertaken using 
Salmoticlla typhiimtrinm as the stress organism. In 
several trials, no significant variations from control 
values were demonstrated either by chlorpromazine 
or meprobamate treatment. From these results, 
we conclude that the enhancement of lethality by 
chlorpromazine noted b}’ Grosz and Norton, and the 
enhancement of lethality by both chlorpromazine 
and meprobamate noted by us is not a universal 
response to bacterial stress. 

SUMMARY AND CONCLUSIONS 

1. Mice and rats were subjected to over- 
whelming bacterial stress utilizing purified 
exotoxins, lipopolysaccharide endotoxins, and 
broth cultures, 

2. Pretreatment with meprobamate exerted 
a significant life-prolonging effect in Clostridium 
tetani and Clostridium bolulinum exotoxemias in 
both mice and rats. This response was cor- 
related to the dose of the drug employed. 

3. Pretreatment with meprobamate resulted 
in a significant prolongation of life in mice 


inoculated with lethal doses of E. colt and S. 
typhosa endotoxins. 

4. Various dosage schedules of meprobamate 
were evauated in overwhelming D. pneumoniae 
infection. No significant effects on survival were 
demonstrated. 

5. Meprobamate enhanced the lethality of 
5. entcritidis in mice, but to a lesser extent 
than chlorpromazine. Neither meprobamate 
nor chlorpromazine significantly altered the 
lethalit}'^ of S. typhimurium for mice. 

6. In laboratory animals, the antistress spec- 
trum of meprobamate extends beyond emotional 
stress into the physiological stress of bacterial 
toxemias. 
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Investigation of Machilus macrantha Nees. F 

Pharmacognosdcal and Phytochemical Study of Root 

By K. N. GAIND and S. K. BAVEJA 

The root of Machilus macrantha Nees. has been studied for physical characteristics, 
histology, extractives, ash, and alkaloidal constituents. Anatomical characteristics 
include; a continuous band of small stone cells constituting phelloderm; a pericycle 
consisting of large stone cells; isolated groups of stone cells in the phloem; lignified 
phloem and xylem filsers with narrow and large lumen, respectively; copious mucil- 
aginous matter in the phloem parenchyma cell walls; and oil cells in cortex, phloem, 
and xylem. The e-xtractives showed the presence of phytosterols, glycosides, and 
volatile oil. From the limed drug, extraction and isolation of a base as hydrochloride, 
provisionally named “machiline hydrochloride,” melting with decomposition 
between 248-250°, two alkaloids as picrates and one reineckate are described. 
The yield of machiline hydrochloride was highest (0.0725 per cent) from 
the root collected in the month of May. Paper chromatography of the extract re- 
vealed the presence of at least five alkaloids. 


HIS STUDY was prompted by the information 
that the root of Machilus macrantha Nees. is 
considered useful in hypertension by the practi- 
tioners of the Indian indigenous system of 
medicine. It has been reported in the literature 
(1-3) that the bark oi this plant is used in eon- 


* Received Sciilember 10, 1959. from the department of 
Panjab University, Chandigarh, India 
The authors are sincerely grateful to Mr R S Sandhu. 
» narmacognocist. Medical College, Amritsar, for his assist- 
ance in pharrancognostical study 


sumption, asthma, and rheumatism, and its 
leaves are applied to ulcers. 

No prior investigation of this plant has been 
reported. From another species of this genus, 
.1/. llmnhcrgii, an oil was extracted and its con- 
stants and constituents were studied (4). 

This study was made to provide sufficient 
pharmacognostical characterization for the iden- 
tification of .1/. macrantha root and to establish 
a scientific basis for its use in hypertension. 



660 


Journal of the American Pharmaceutical Association 


^^ol. 49, No. 10 


EXPERIMENTAL 

Materials Used. — The roots and flowering shoots 
of M macraniha were obtained from Kulathupuzha, 
Kerala State (India), through the courtesy of Mr T 
K Devakaran, forest range officer It was authen- 
ticated by Mr. B. M Raizada, Head, Division of 
Forest Botany, Forest Research Institute, Dehradun. 
The dried roots, pulverized to moderately coarse 
powder, were used for phytochemical work. 

The Plant. — Machiltis macrantlia Nees of the 
Lauraceae family known as Gumara or Gumbara 
in Konkan; Uravu in Malaj'alum; Anaikkuru, 
Kollamavu, and Mullai in Tamil; and Ululu in 
Sinhalese, has been described previouslj^ (1, 5). It 
is a large tree attaining a height of 20-25 M and is 
fairl}' abundant from Konkan southwards in tlie 
Western Peninsula (India) and Ceylon. 

Physical Characteristics of Root. — The roots e.x- 
amined (Fig. 1) were large pieces, 15-20 cm. 
in diameter, and small pieces, 3-3 5 cm. in diameter. 
They were cylindrical, rarely flattened, and light in 
weight when dry Externally, they were yellowish- 
brown to dirty buff colored with longitudinal 
wrinkles Some of the large pieces showed trans- 
verse cracks. In small pieces the transverse cracks 
were rare but transverse ridges and occasionally 
lenticels were present They also showed rootlet 
scars Internally, there was a narrow, granular, 
brown to dark brown bark, 3-3 5 mm. thick 
in small pieces and 7-10 mm thick in large pieces, 
and an inner pale brown to reddish-brown wood with 
no growth rings The fracture of the bark was short, 
smooth toward tlie periphery and granular toward 
the inside: that of the wood was splintery. The 
dried root had a slight aromatic odor and a slimy 
taste The bark, on soaking in water, ejected 
copious mucilaginous matter. 



Fig. 1. — Root of Machilus macrantlia Nees. 


Histology of 11/. macraniha Nees. Root. — Roots of 
3-3.5 cm. diameter were selected (see Figs. 2 and 3). 
Samples from these were prepared by the usual 
pharmacognostic methods (6). Sections were cut on 
a wood microtome and by free hand sectioning. 
Numerous temporary mounts and permanent mounts 
of transverse, radial longitudinal, and tangential lon- 
gitudinal sections of the root specimens were made 
and examined microscopically. For study of indi- 
mdual cells, different tissues were macerated in potas- 
sium chlorate and nitric acid reagent (7) and slides 



Fig. 2. — Transverse sections of representativepor- / 
tions of Machilus macrantlia Nees. root. K, cork; 

P<f, phelloderm ; C, cortex; Pepericycle; P, phloem; 
ar, xylem; c/6, compressed cork cells; st, stone cells; 
fp, phloem fibers; pp, phloem parenchyrna; rp, 
phloem rays; px, xylem parenchyma; oc, oil cells; 

V, xylem vessels; G. st, group of stone cells; /x, xylem 
fiber; rx, xylem ray. X140. 
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Fig. 3. — Histological elements occurring in mac- 
crated tissues and powdered root of Machilns macran- 
tlm Nees. K, cork cells in surface view; spd, stone 
cells of phelloderm; spc, stone cells of pericycle; rp, 
phloem ray cells; pp, phloem parenchyma; fp, 
phloem fibers; px, xylem parenchyma; v, vessel 
with large and small pits; fx, .xylem fiber; Ir, tra- 
cheid. XIOO. 


mounted in 60% gljxerin. In the following descrip- 
tion, the symbols R, T, and L refer to measurements 
made in radial, tangential, and longitudinal direc- 
tions, respectively. 

In a cross section 33 ram. in diameter, the bark 
occupied 7 mm. and the wood 26 ram. The cork 
zone was up to 25 layers of cells deep, covered on the 
outside by a few layers of collapsed cork cells. The 
cells were rectangular to somewhat squarish, ar- 
ranged in more or less radial files; polygonal in 
tangential section ; J?, up to 2.8 m ! T, 1 1 .0 ; and L, 
80 /ii; with suberized walls. The phelloderm was 
composed of up to eight layers of somewhat rectan- 
gular to isodiametric stone cells, 1 5 to 12.0 /i, ar- 
ranged in radial rows corresponding to those of cork 
cells; cell walls thickened, usuallj' along radial and 
interior tangential sides, yellow, lignified and 
traversed by a few simple pore canals; lumen cora- 
i paratively large but variable and occluded with 
\ dark reddish-brown contents. The cortex paren- 
I \ cliyma cell walls were somewhat thickened rvith 
mucilaginous matter. Reddish-brown contents and 
a few simple starch grains were present in some cells. 
A few yellow oil cells were interspersed in the cortex, 
phloem, and xylem parenchyma. The conspicuous 
pericycle was composed of three to five layers of stone 
cells of 5 to 25 cell walls thick, yellow, lignified 


with a few striations in some; traversed by funnel- 
shaped simple and branched pore canals; lumen 
narrow but variable, totally occluded in a few, and 
devoid of cell contents. The phloem comprised 75% 
of the thickness of the bark. The phloem rays 
traversed the inner two-thirds of the phloem, were 
usually up to three cells wide, rarely four, 15 to 25 
cells deep longitudinally, somewhat wavy, tapering 
outwards, and in continuation with their counter- 
parts in the xylem. The phloem parenchyma cell 
walls were thickened with mucilaginous matter, 
more so on cells Ijring interiorly, the thickening being 
reddish brown and striated. The phloem fibers 
were numerous, thicker and longer in the interior 
region, up to 1,240 /i long and 60 m thick, with yellow 
lignified walls traversed by a few simple rarely 
branched pits; lumen narrow, partially obliterated: 
ends bluntly pointed, rarely sharp. A few small 
groups of yellow lignified stone cells with narrow 
lumen were also present. The primary xylem was 
represented by a group of xylem elements in the 
center. The secondary xylem had xylem rays of 
straight to curved character up to four cells wide and 
20 cells deep longitudinallj', with irregularly 
rectangular cells up to 50 ii long. The rounded or 
somewhat oblong vessels occurred singly or in 
groups of two to four, with their adjacent walls 
flattened. They were up to 860 n long and 300 ii 
broad. The vessel walls bore numerous pits of vary- 
ing size, the larger ones being transversely or 
obliquely elongated. The wood parenchyma was 
scarce, the cells being usually elongated longi- 
tudinally; L, up to 250 M', R and T, 50 u- A few 
tracheids up to 1,100 /z long and 50 m broad with 
pitted walls were also present. The rest of the 
xylem was constituted of fibers having moderately 
thick, yellow, lignified walls and a relatively large 
lumen. They measured up to 1,250 ya long and 50 fi 
broad and were arranged together with xylem 
parenchyma and tracheids in more or less radial 
files. Intercellular spaces were present. 

Powdered M. macrantha Root. — This was pale 
brown with a slimy taste and aromatic odor. Under 
the microscope it showed: numerous fragments of 
wood fibers with thick, yellow, lignified walls and 
comparatively large lumens; phloem fibers with 
narrow and at places obliterated lumens and thick, 
yellow, lignified walls bearing simple pits; stone 
cells isodiametric, elongated or irregularly shaped, 
single or in groups rvith lumens of variable size, and 
thick, yellow, lignified walls bearing simple and 
branched pits; fragments of vessels and tracheids 
with pitted walls; scattered fragments of cork, with 
polygonal cells having suberized walls; and a few 
simple starch grains 0.5-1.0 /i, conspicuous in 
Smith’s starch reagent. 

Extractives. — Root powder (15 Gm ) was ex- 
tracted successively with solvents in the order given 
below, employing a Soxhlet extraction apparatus, 
the preceding solvent being completely removed 
from the marc before starting extraction with the 
next solvent. The percentages of the extractives 
obtained were: petroleum ether (40-60°), 2.38%; 
ether, 0.32%; chloroform, 0.27%; and absolute 
alcohol, 3.90%. Volatile oil was detected in 
petroleum ether, phytosterols in petroleum ether 
and etlier, and glycosides in petroleum ether, ether, 
and chloroform extracts. Dilute hydrochloric acid 
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extract of root powder gave positive tests with 
alkaloidal reagents. 

Determination and Analysis of Ash.—The 
methods used for determination of ash content w’ere 
those of the British Pharmacopoeia 1958 (8). The 
results were as follows: total ash, 2.3%; water-in- 
soluble ash, 1.78%; water-soluble ash (b\' dif- 
ference), 0.52%; acid- insoluble ash, 0 235%; and 
acid-soluble ash (by difference), 1.545%. The total 
ash contained sodium, calcium, magnesium, nitrate, 
and carbonate. 

Extraction and Isolation of Machiline Hydro- 
chloride. — Root powder in 0.8-Kg. quantities was 
mixed with 10% of its weight of calcium hydroxide, 
moistened, allowed to stand for four hours, and 
dried at 60°. The limed drug was extracted w'ith 
alcohol (95%) in a Soxhlet apparatus until e.xhausted 
of alkaloids. The alcohol was recovered from the 
extract and the residue kneaded with 2% hydro- 
chloric acid in portions until the alkaloids were 
completely taken up in acid solution. The pH of 
the solution was adjusted to 4.0 with dilute ammonia 
solution and extracted with chloroform until the 
latter extracted no more alkaloids. The pH was 
then raised to 8.0 and extraction with chloroform 
was repeated. The aqueous solution was then made 
highly alkaline with 28% ammonia solution, ex- 
tracted with chloroform, the chloroform solution dried 
over exsiccated sodium sulfate, the chloroform re- 
covered, the residue taken up in dry ether, and dry 
hydrochloric acid gas bubbled tlwough the ether 
solution. The precipitated alkaloidal mass, on 
repeated crystallization from absolute alcohol, gave 
white crystals, elongated rectangular plates (under 
the microscope), melting range 248-250° (decom- 
position). It did not give a positive test with the 
usual precipitating alkaloidal reagents. It has been 
provisionally named “machiline hydrochloride.” 
The yield of machiline hs'drochloride obtained from 
M. macroniha root, collected in different months was 
as follows: February, 0.056%; May, 0.0725%; 
August, 0.038%; and November, 0.031%. The 
bark of the root collected in August was separated. 
It constituted 21.5%, by weight, of the whole root 
and on extraction yielded 0.0045% of machiline 
h 5 ’drochloride; the wood yielded 0.0472%. Studies 
on the chemical constitution and pharmacological 
action of machiline hydrochloride are reported in 
Part II of this series. 

Isolation of Two Alkaloids as Picrates. — ^From 
the mother liquor left after crystallization of machi- 
line hydrochloride, the solvent was recovered and the 
alkaloids precipitated with picric acid in aqueous 
solution. The precipitated picrates were separated, 
dried in a vacuum desiccator, taken up in absolute 
alcohol, and chromatographed on a column of alu- 
mina. Of the five bands formed, the lowermost 
yellowish -brown band (fraction 1) and the next 
higher yellow band (fraction 2) were eluted with 
absolute alcohol, the eluted fractions concentrated 
and kept separately in desiccators containing, respec- 
tively, ether and benzene. From fraction 1, a micro- 
crj'stalline brown precipitate melting with decom- 
position between 157-162° was obtained during one 


week, and from fraction 2, yellow crystals in the 
form of elongated rectangular plates, melting witli 
decomposition between 270-272°, were obtained in 
three to five days. 

Isolation of the Water-Soluble Alkaloid as a 
Reineckate. — The highlj' alkaline aqueous liquid 
left after extraction of the chloroform-soluble alka- 
loids still gave a strong test for alkaloids. It was 
concentrated under reduced pressure, the separated 
ammonium chloride was filtered off, and the alkaloid 
precipitated by addition of 2% solution of am- 
monium reineckate in dilute hydrochloric acid. The 
precipitated complex w-as separated, dried, taken up 
in dry acetone, and passed through a column of 
alumina. The clear, bright orange-red cluate was 
concentrated and kept in a vacuum desiccator over- 
night. The orange-red crystals formed were 
separated, washed with ether, and dried. The com- 
pound melted with decomposition at 260-262°. 

Paper Chromatographic Analysis. — The ascending 
method was employed. The apparatus consisted of 
a specimen jar, 40 cm. X 10 cm., fitted with a rubber 
stopper through which passed a glass rod bearing 
hooks at the lower end. Paper strips (30 cm. X 2 
cm.) were cut from Whatman No. 1 filter paper and 
buffered at pH 4.0 by dipping in 5% aqueous solu- 
tion of monosodium citrate, blotting, and drying at 
60° for twenty-five minutes. The solvent system 
consisted of 7;-butanol:water:citric acid, 50:50:1 
Gm. ; the organic layer rvas employed as the mobile 
phase. Fresh solvent was necessar 5 ' for each resolu- 
tion to achieve reproducible R / values. Samples for 
analysis consisted of the concentrated alcoholic ex- 
tract and the residues of the chloroformic and 
aqueous fractions derived from it, redissolved in 
alcohol. Development was performed at 15° 
± 2°. The chromatograms were air dried and 
dipped in Munier’s modified Dragendorff’s reagent 
(9), and R/ values were calculated. In all, 5 bands 
were formed on the different chromatograms, their 
average R/ values being 0.90, 0.71, 0.47, 0.25, and 
0.08. The w’ater-soluble alkaloid formed the lower- 
most band which gave a purple spot with the 
Munier’s reagent while the others gave orange spots 
on yellow background. The two high Rf values 
spots were pale j'ellow to j-ellowish brown even be- 
fore treatment with the modified Dragendorff’s 
reagent. 
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Investigation of Machilus macrantha Nees. IF 

Pharmacological Action and Chemical Constitution of Machiline 

By K. N. GAIND and S. K. BAVEJA 


t Machiline, isolated as the hydrochloride from the root of Machilus macrantha 

Nees., has been studied for its pharmacological action and chemical characteristics. 
It has been found to lower blood pressure of experimental animals by a direct 
depressant effect on the myocardium. It has no antibacterial activity. A number 
of derivatives have been prepared. Based on the results of {a) microanalysis for 
■ elements of the base, its hydrochloride, picrate, acetyl,_ and benzoyl derivatives, 

■' \b) chemical tests for functional groims, (c) microestimation of — OCH3 in the base 

and =NCHj in the methiodide, and (d) infrared and ultraviolet absorption spectra, 
1 two structures are proposed for machiline 


Tn the previous report (1), the isolation of a 
-*■ base "machiline” as a hydrochloride from the 
root of Machilus macrantha Nees was re- 
ported. The present investigation was under- 
taken to study the pharmacological action and 
chemical constitution of this base. 

METHODS AND RESULTS 

Pharmacological Actions. — Before undertaking 
chemical characterization, the isolated hydrochloride 
was studied for its effect on the cardiovascular sys- 
tem and on smooth muscle and for its antibacterial 
activity. 

Cardiovascular System. — Arterial blood pressure 
was recorded from the common carotid artery in 
dogs weighing 7-9 Kg , anesthetized with pento- 
barbital sodium (32 mg /Kg ) intravenously The 
dose of machiline hydrochloride solution was in- 
jected through the cannulated femoral vein With 
a dose of 0 1 to 1 0 mg , there was a fall in blood 
pressure (2 to 11 mm ) proportionate to the quantity 
administered With larger doses the fall was only’ 
slightly greater, the maximum for a dose of 50 
mg being 18 mm 

Machiline hydrochloride (10 mg ) caused a de- 
crease in the amplitude of contraction of the intact 
heart in an anesthetized dog with open cliest On 
the isolated heart (Langendorff’s method) (2) of 
rabbits weighing 1-1 5 Kg , a dose of 0 1 mg caused 
slowing and irregular rhythm and a dose of 1 0 mg 
almost stopped the heart by slowing and gradual 
decrease in the amplitude of contraction Sub- 
seauently the heart recovered gradually in about ten 
minutes In the intact heart of a pithed frog, a dose 
of 0 1 mg caused varying grades of heart block, and 
a dose of 1 0 mg caused arrest in diastole Sub- 
sequently the heart recovered completely in about 
five minutes tlirough gradually diminishing grades 
' of heart block 

I In perfusion experiments, with 0 1 to 1 0 mg of 
\maclnline hydrochloride the flow of frog Ringer’s 
' ' fluid th rough the peripheral vessels of a frog in- 
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creased for a few minutes, while the flow of Locke’s 
solution through the coronary vessels of an isolated 
rabbit’s heart decreased for several minutes, but the 
magnitude of the effects was slight and insignificant 
The kidney volume and blood pressure of an an- 
esthetized dog showed simultaneous fall wdth doses 
of 1 to 15 mg and this effect was not blocked by 
previous injection of atropine These observations 
suggest that the hypotensive effect of machiline is 
due to its direct depressant effect on the myocardium 
Action on Smooth Muscle . — A dose of 1 0 mg of 
machiline hydrochloride had a depressant effect on 
the strips of intestine (Magnus’ method) (3) of 
rabbits w'eighing 1 0-1 5 Kg , in an isolated organ 
bath with inner bath of 25 ml capacity 
Antibacterial Activity. — In concentrations up to 1 
in 500, machiline hydrochloride failed to inhibit the 
growth of Staphylococcus aureus, Bacillus suhlihs, 
Escherichia coh, and Salmoitclla typhi in nutrient 
broth and of Mycobacterium tuberculoses var hoiiiims 
in the medium suggested by Isao Yaraane (4) 
Chemical Characterization of Machiline. — 
Anaf— Calcd for C.eHnNOjHCl; C, 62 41, 
H, 5 90; N, 4 55, Cl, 1158 Found: C. 6146; 
H, 6 32, N, 4 35. Cl, 11 13 
The picrate from 50 mg of the hydrochloride was 
precipitated wdth picric acid in aqueous solution and 
crystallized from water as yellow crj'stals (51 mg.) 
in the form of elongated rectangular plates, melting 
wdth decomposition betw'een 205-207° 

Awfl/— Calcd forC,6H„N03C6H.(OH)(N02)3: C. 
52 78, H, 4 03, N. 11 20, Mol wt , 500 2. Found: 
C, 53 61; H. 4 40; N. 11 47, Mol wt , 465 (Rast 
method) 

The base from 100 mg of the hydrochloride was 
precipitated wdth ammonia in aqueous solution and 
crystallized from 50% alcohol as a microcrystalHne 
white powder (60 mg ) melting wdth decomposition at 
210 - 211 ° 

A«a;— Calcd for C16H17NO3; C, 70 81; H, 
6 32; N, 5 16; Mol wt , 271 2 Found: C, 70 29; 
H, 6 60, N, 4 74; Mol wt., 301 (Rast method), 
Machiline hydrochloride did not respond to tests 
wdth alkaloidal reagents as has already been re- 
ported (1). The murexide test for purines was also 
negative. Heating with dilute as well as con- 
centrated hydrochloric acid did not split the molecule 
of machiline It decolorized bromine in aqueous, 
alcoholic, and glacial acetic acid solutions, and de- 
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colorized potassium permanganate in aqueous solu- 
tion. It did not reduce Fehling’s solution, but a silver 
mirror was formed with ammoniacal silver nitrate. 
It gave a negative test with Schiff’s reagent and also 
with 2 , 4 -dinitrophen 5 dhydrazine reagent (5). The 
base neither gave effervescence with, nor dissolved 
in sodium bicarbonate solqtion. It dissolved in 
caustic soda solution and also in ammonia solution, 
but gave no color with ferric chloride in aqueous or 
alcoholic solutions. It did not give a green color 
with gallic acid reagent ( 6 ) or a red color rvith the 
phloroglucinol-sulfuric acid reagent of Gaebel (7). 

Anal. — Calcd. for one methoxj’ in CisHnNOa: 
—OCHs, 11.3; Found: — OCH3, 7.5. 

On heating the base with soda lime, vapors hav- 
ing an ammoniacal odor were evolved and when 
these were passed into a solution of hydrochloric acid 
gas in ether a precipitate was formed, which was 
identified as ammonium chloride. On treating 
the base with ice-cold nitrous acid, a gas was 
evolved and a yellow solid precipitated The 
latter gave a negative Liebermann test. When the 
j’ellow supernatant liquid was made alkaline, no 
solid separated out Rimni’s (5) and the earbon 
disulfide reagent (5) tests were also negative. 

Acetylmachiline. — Machiline hydrochloride (100 
mg.), acetic anhydride (1.5 ml ), and pyridine (5 
drops) were boiled together under reflux on a sand 
bath for one hour, cooled, poured into water (80 ml.), 
set aside overnight, and the precipitate formed was 
crystallized from 50% alcohol. A crop of white 
crystals in the form of elongated rectangular plates, 
m. p. 197-199°, was obtained. 

Calcd. for CisHisNOa. (CHsCOfj: C, 
67.57; H, 5.96; N, 3 94. Found: C, 66.70; 
H, 6.00; N, 3.73. 

Benzoylmachiline. — Benzoylation was effected by 
the Schotten-Baumann process and the product 
crystallized from absolute alcohol as elongated 
rectangular plates, m. p. 214-216°. 

Calcd. for C.eH.sNOifCeHsCO)-.: C, 75,12 
H, 5.26; N, 2.92 Found: C, 76.20; H, 5 54; 
N, 2.88. 

Machiline Methiodide.— Machiline (100 mg.) in 
methanol (5 ml.) and methjd iodide (0.5 ml.) were 
warmed together under reflux for one hour. The 
volatile components of the reaction mixture were 
volatilized off and the residue dried to constant 
weight at 120° (154 mg ) was crystallized from dry 
acetone in a desiccator containing ether. The 
crystallized compound, after drying at 120 °, melted 
between 184-187°. 

/I no/.— Calcd. for CieHiiNOj.CHsI: — CH3 (at- 
tached to N), 3.63. Found : — CH 3 (attached to N), 
3.51. 

Infrared Spectrum. — The infrared spectrum of 
machiline (Fig. 1) was taken in a Nujol mull on a 
single beam Perkin-Elmer spectrophotometer mak- 
ing necessary corrections for interferences due to 
atmospheric water and carbon dioxide.* The brief 
analysis (Table I) of the infrared record indicates 
the groups responsible for some of the absorption 
bands; the assignments were done on an empirical 
basis. 

Ultraviolet Spectra. — The ultraviolet spectra 
(Fig. 2) were taken on a Hilger Uvispeck photo- 
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Fig. 1. — Infrared spectrum of machiline. 


Table I. — Empirical Assignment of Groups 
Responsible for Absorption Bands in the In- 
frared Spectrum of Machiline 


Absorption 

Band 

Peak, 

cm.-* Assigned Grouping 

3175 CH. 

2381) 

2105) sN (these should be weak bands but 

2000 1 were found as strong bands due to 

1835 j faulty compensation) 


1600 

1504 
1399 
1333 
1250 
12121 
1093 1 
1058 
1020 ' 
976J 
813 

719 


CcHe, C=C, C= N in N heterocyclic 

(?) 

CeHe substituted, CjHsN (?) 

CeHiOH, — C— CHs (?) 

CeHs— N=, CeHsOH, —OH 
CeHsOR 


1:2, 1:4, 1:2:4 substituted Cello 


N (heterocyclic), (CH 3 ) 2 C (?), 
C=CH— (?) 

N (heterocyclic) 


electric spectrophotometer equipped with a fused 
silica prism.'* Both machiline and its hydrochloride 
showed approximate!}' the same absorption maxima 
in the ultraviolet region and no absorption in the 
visible region of light. The base showed absorption 
maxima at 226 and 285 W/j in absolute alcohol; its 
hydrochloride at 200, 224, and 282 m^x; and there 
was no inflexion near 315 ni/i even in a more con- 
centrated solution. The maxima were comparable 
to those of naphthalene and quinoline except for the 
lack of inflexion. The inflexion could be absent if 
(a) a quinoline structure were present as its tetra- 
hydro form or ( 6 ) a naphthalene structure were pres- 
ent as 1 -phenylnaphthalene (or 2 '-hy'droxy-l-phenyl- 
naphthalene or 2 '-methoxy-l-phenylnaphthalcne, 
etc.). The latter structure would make it rather 
difficult to fit in nitrogen present as an amine group 
which in such cases would shift the maxima too 
much in the acidic condition, whereas not much 
shifting was observed in the curve of base hydro- 


1 The spectrum was obtained through the courtesy of Dr. M, 
L. Dhar of the Central Drug Research Institute, Lucknow. 


* The spectra were prepared in the laboratory of the Royal 
Institute of Technology Glasgow, througii the courtesy of 
Dr. H. C. Mital. 
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Fig 2 — Ultraviolet spectra of rnacliiline 

-^machiline hydrochloride in water 0 0009818%; 
machiline hydrochloride in decinormal so- 
dium hydroxide 0 0009818% ; machiline base 

in ethanol 0.0014374% 

chloride. Taking the quinoline structure, its tetra- 
hydro form would not show marked shift in maxima 
and is in agreement with the observed maxima of 
base hydrochloride. In alkaline solution the spec- 
trum of machiline hydrochloride was markedly in- 
fluenced (by the alkali) above 230 m/i, indicating 
that nitrogen function is near a benzene ring, i.e , 
there is a quinoline rather than an isoquinoline system 
or else a phenyl group is attached to nitrogen in the 
isoquinoline form. 

DISCUSSION 

The microanalytical data of the base and its 
derivatives show that the molecular formula of 
machiline is CieHnNOj and it has two OH groups 
and one OCHj group. The solubility of the base in 
alkali hydroxides and the infrared spectrum indicate 
that at least one of the OH groups is phenolic though 
it may be in a somewhat hindered position. It does 
not give tlie characteristic test for phenols with 
ferric chloride solution but many other phenolic and 
1 cnolic compounds behave similarly (7) and, thcre- 
\forc, phenolic OH cannot be considered absent 
'Chemical tests, infared spectrum, formation of a 


quaternary ainraoniuni compound with methyl 
iodide accompanied with increase in weight of 100 
mg. of the base to 154 mg of the methiodidc, and 
microanalj’tical data for — CHj (attached to N) in 
the methiodidc, all point to the tertiary nature of 
the nitrogen function. Further the infrared spec- 
trum indicates the nitrogen function to be in a 
heterocj'clic system The ultraviolet spectra cor- 
roborate this finding; specifically, there is a tetra- 
hydroquinoUne (or tetrahydroisoquinoUne with a 
phenyl group attached to N) structure This, to- 
gether with OCH, and OH groups, accounts for 
CioH|.NOj leaving CeHs which evidently constitutes 
a phenj'l group and must be attached to a nitrogen 
function to account for tlie tertiary nature of tlie 
latter in the tetrahydroquinoline (or tetrahydroiso- 
quinoline) nucleus. This conclusion is further 
strengthened by the maxima at 1,333 cm of the 
infrared spectrum. On this basis the likely struc- 
tures for machiline arc those represented by I and 
II 



II 


The investigated alkaloids of laurels are known (8) to 
possess an aporphine ring structure, which has tetra- 
hydroisoquinoline nucleus and on this analogy, struc- 
ture If may be considered more likely for machiline 
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The Selective Determination of Isopropamide Iodide, 
A Low-Molecular Weight Quaternary Ammonium 

Compound* 

by RALPH S. SANTORO 

Available indicator extraction methods were inadequate for the determination of 
isopropamide iodide in the presence of amine bases. The substance was complexed 
with methyl orange in pH 10.2 buffer and extracted into chloroform. Re-extrac- 
tion of the color into 1 N hydrochloric acid and its spectrophotometric determina- 
tion gave quantitative results. Calibration curves for other short chain quaternary 
amines were determined and compared to a known solution of methyl orange. 
Agreement with the theoretical value was obtained down to tetra-«-propyl am- 
monium iodide. Application of the method to the determination of isopropamide 
iodide in a pharmaceutical preparation gave results ranging from 98.7 to 101.3 
per cent of the theoretical amount present. 


I N .'IN INVESTIGATION to determine a low-molec- 
ular weight quaternary amine, isopropamide 
iodide,^ in the presence of amine bases, it became 
evident that existing indicator extraction methods 
were inadequate because of poor reproducibility 
and sensitivity. 

Analytical procedures for quaternary am- 
monium compounds are well represented in the 
literature. Auerbach (1, 2) determined cetyl 
pyridinium chloride and other high-molecular 
weight quaternary amines using bromophenol 
blue. Cochin and Woods (3) assayed tetra- 
ethylammonium with bromocresol purple, ex- 
tracting the complex from pH 7.0 buffer with 
chloroform. Ballard, Isaacs, and Scott (4) at- 
tempted to elucidate the principles of complex 
extraction of amines and determined the calibra- 
tion curves for large chain quaternary compounds 
using bromothymol blue. They were unsuc- 
cessful in determining low-molecular weight 
quaternaries due to poor complexing and ex- 
traction. Other workers have determined large 
chain surfactants by indicator displacement meth- 
ods (5, 6, 7). 

Similar methods for amine bases are also well 
documented, usually differing from quaternary 
methods by the pH at which the complex is ex- 
tracted. Brodie and Udenfriend (8) determined 
cinchona alkaloids with methyl orange in acid 
medium and indicated its application to other 
amine bases. Keller and Ellenbogen (9) adapted 
this method for the determination of (/-amphet- 
amine. Adaptions using different indicators, pH 
conditions, and solvents have also been described 
(10-13). 

It was found that bromophenol blue, bromo- 

* Received August 29, 1958, from Smith Kline and French 

’ was Darbtd, Smith Kline 
moyl-3.3-diphenylpropy|)- 
diisopropylmethyl ammonium iodide. 


thymol blue, and bromocresol purple extractions 
were incomplete, with a corresponding lack of 
reproducibility in the results. Alterations in pH 
and the use of different solvents did not improve 
the extraction or the reproducibility. Below pH 
7.0, the amines complexed and interfered with 
the determination. No reaction was shown in 
the direct photometric methods by indicator dis- 
placement. 

This paper describes an indicator extraction 
method to determine isopropamide iodide selec- 
tively and its use in the determination of certain 
other low-molecular weight quaternary amines. 

EXPERIMENTAL 

Reagents. — Chloroform, reagent grade. Hydro- 
chloric acid solutions, 1.0 N and 0.1 N. Buffer 
solution pH 10.2, 87 Gm. of dipotassium hydrogen 
phosphate, reagent anhydrous, and 42 Gm. of 
sodium carbonate, reagent anhydrous, were dis- 
solved in 2 L. of distilled water. Methyl orange 
buff'er solution, 1 L. of 10.2 buffer solution was 
saturated with methyl orange, reagent grade, by 
adding 2 Gm. and shaking vigorously. The solu- 
tion was filtered through Whatman No. 1 filter 
paper and extracted with chloroform until the 
chloroform lay^er was colorless. Stock solutions of 
quaternary ammonium salts, 50 mg. of salt was dis- 
solved in 500 ml. of distilled water. This solution 
was diluted 20 to 100 ml. with 0.1 A hydrocholoric 
acid. A final concentration of 0.020 mg./ml. of 
the salt was obtained. Stock solutions of amine salts, 

10 mg. of each substance was dissolved in 100 ml. 
of distilled water. The concentration of amine salt 

was 0.100 mg./ml. \ 

Appaiatus.—Klett-Su/nmerson photoelectric photom- 
eter with micro tubes. 

Preparation of Calibration Curve. — Into four 
250-ml. separatory funnels, 20 ml. of methyl orange 
buffer solution was added. Into the first three 
separatory funnels, 1, 2, and 3 ml., respectively, of 
the final quaternary ammonium salt solution were 
pipetted. The fourth separatory funnel served as 
the reagent blank. The solutions were extracted 
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with four 25-nil. portions of chloroform The 
filtrates were collected in 250-inl glass-stoppered 
Erlenmeyer flasks through a pledget of cotton 
previously wet with chloroform After the last 
extraction, the cotton was washed with a 25-ml. 
portion of cliloroform 

Into each flask was pipetted 10 ml of 1 At hydro- 
chloric acid The flasks were stoppered and shaken 
vigorously for about one minute. After the layers 
separated, at least 2 ml. of the clear supernatant 
aqueous phase was decanted into a micro-KIett 
tube The absorbance was read on a Klett-Sum- 
raerson photoelectric photometer using a 52 filter 
All readings were made against 1 N hydrochloric 
acid The reagent blank was subtracted from the 
standard readings and each standard weight in 
mg was divided by its reading The above stand- 
ard weights were 0.020, 0 040, and 0 060 mg of the 
quaternary salt, in that order. The factors ob- 
tained were averaged 

Determination. — Isoproparaide iodide was as- 
sayed in the presence of amine bases. The deter- 
mination was the same as the calibration e.\cept 
that to 0 040 mg (2 ml ) of the standard isopro- 
pamide iodide solution 0 200 mg (2 ml ) of the amine 
solution was added The recoverj- was calculated 
as follows: 

photometer reading X average factor ^ 
mg isoproparaide iodide added 

100 = % recovered 

APPLICATIONS 

This method was applied to the determination 
of isoproparaide iodide in the presence of prochlor- 
perazine dimaleate’ in a pharmaceutical prepara- 
tion.’ The sample was ground and shaken ivith 
0 1 jV hydrochloric acid A dilution was made 
such that the final concentration of the quaternary 
salt was 0 010 mg /ml. The determination xvas 
carried out as in the calibration with 5 ml. of the 
final sample dilution A sample blank was also 
run by e.\tracting an additional 5-ml, aliquot from 
pH 10 2 buffer 

RESULTS AND DISCUSSION 

Theoretical considerations and actual deter- 
minations show that the molar composition of the 
methyl orange complex containing one quaternary 
amine group is a ratio of 1:1 (14) To determine 
the completeness of extraction and to compare the 
calibration curve to a theoretical value, the ratio of 
the Klett readings divided by the calibration curve 
concentrations, in terms of the methyl orange ion, 
Mere calculated and compared to a known solution 
of methyl orange in 1 A hydrochloric acid (Table 

I) 

Agreement with the theoretical value was obtained 
, beginning xxith tetra-«-propyl ammonium iodide 
A marked decrease in absorptivity was noted with 
the tetrapropyl salt at the 0.060-mg point, xvbich 
was consistent throughout the calibrations With 
this compound, calibrations and determinations 


Compazine, Smith Khne and French brand of 2 cbloro 
10 13 -(N-melhylpiperazinyl) props II phcnothiazine dimale 
ale 

* Combid Spansule capsule, SKF, a combination of isopro 
pamide iodide and prochlorperazine dimaleate 


Table I — Comparison of Calibration Curve 
Ratios to Methvl Orange 



mg / 

Ratio Klett 

Methjl 

Orange 

Value, 

Substance 

10 ml 

Reading/Conen 

% 

Methyl orange 

0 030 

6 811 


Tetra>K*propyl 

ammonium 

iodide 

0 020 

6 631 

97 4 


0 040 

6 532 

95 9 


0 060 

6 023 

88 4 

Tetra-w-butrl 

ammonium 

iodide 

0 020 

6 615 

97 1 


0 040 

6 779 

99 5 


0 060 

6 685 

98 2 

Isopropamide 

iodide 

0 020 

6 816 

100 1 


0 040 

6 839 

100 4 


0 060 

6 783 

99 6 


Table II. — Recovery of 0 040 mg of Isopropa- 
mide Iodide in the Presence of Amine Bases 

Amine, 0 200 mg 

Recot ery of 

Isopropamide Iodide, % 

d-Amphetamine 

99 3 

99 6 

100 3 

p(2-Aminopropyl) 

phenol 

99 6 

93 3 

101 3 

Phenylephrine 

98 4 

95 6 

100 S 

Ephednne 

99 1 

104 5 

103 5 

Phenoxybenzamine 

104 I 

100 8 

98 4 

Morphine 

102 4 

99 3 

100 7 

Scopolamine 

103 5 

97 9 

104 3 

Codeine 

100 9 

101 6 

100 8 

Table III — Recovery of Isopropamide 

Iodide 


FROM A Pharmaceutical Preparation 


Isopropamide 


JsopTopamidt 

Iodide, 

Theoretical 

Prochlor- 

perazine, 

Theoretical 

Iodide, 

mg 

Recovered 

% 

21 30 

50 0 

21 45 

WO 7 

21 30 

50 0 

21 27 

99 S 

21 30 

50 0 

21 14 

99 2 

21 30 

50.0 

21 03 

98 7 

21 30 

50 0 

21 58 

101 3 


would have to be carried out at the 0 040-mg con- 
centration and below for maximum reproducibility 

No e,xtraction of indicator complex was effected 
with quaternary amines having a lower molecular 
weight than tetra-«-propyl ammonium iodide 
These results indicate that the groups attached to 
the nitrogen must be at least propyl in size, or have 
a combined total of tw'eh'e carbons 

The recox-ery of isoproparaide iodide in the 
presence of amine bases (Table II) and from a 
phamiaceutical preparation containing prochlor- 
perazine (Table III) was quantitative. The 
precision of the calibration curves used in the 
determinations is shown in Table IV. The sigma 
values show a deviation of 2 to 4% depending upon 
the concentration 

The color formed in the 1 A"^ acid layer was 
found to be extremely stable Samples and stand- 
ards read after a two-day period did not materially 
change (Table V). 
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Reading 

Concn 0 020 mg - 
Factor 

XlOi 

Ratio 

Reading 

Concn 0 040 mg - 
Factor 

X103 

Ratio 

Reading 

Concn 0 OGO mg - 
Factor 

XIO' 

Ratio 

83 

0 241 

6 551 

167 

0 240 

6 588 

251 

0 239 

6 602 

85 

0 235 

6 709 

160 

0 250 

6 312 

250 

0 240 

6 575 

87 

0 230 

6 867 

176 

0 227 

6 943 

260 

0 231 

6 839 

87 

0 230 

6 867 

176 

0 227 

6 943 

256 

0 234 

6 733 

88 

0 227 

6 946 

170 

0 235 

6 706 

261 

0 230 

6 865 

89 

0 225 

7 024 

179 

0 223 

7 061 

263 

0 228 

6 917 

87 

0 230 

6 867 

179 

0 223 

7 061 

255 

0 235 

6 707 

90 

0 222 

7 103 

177 

0 226 

6 982 

262 

0 229 

G 891 

82 

0 244 

6 472 

168 

0 238 

6 627 

256 

0 234 

6 733 

83 

0 241 

6 551 

175 

0 229 

6 903 

257 

0 233 

6 760 

89 

0 225 

7 024 

180 

0 222 

7 101 

266 

0 266 

6 996 

Average 

86 

0 232 

6 816 

173 

0 231 

6 839 

258 

0 233 

6 783 

Sigma 

3 

0 007 

0 218 

6 

0 009 

0 253 

5 

0 004 

0 129 


Table V — Stability of Methyl Orange in 1 A^ 
Hydrochloric Acid 


Sample No 

Original 

Reading 

Reading After 
Two Days 

1 

104 

104 

2 

193 

194 

3 

280 

280 

4 

362 

364 

5 

98 

97 

6 

195 

188 

7 

276 

278 

8 

364 

362 


SUMMARY 

1 An indicator extraction method utilizing 
methyl orange at a pH of 10 2 and chloroform 
as solvent is descnbed This method allows the 
quantitative determination of certain low-molec- 
ular weight quaternar}' amines with a molecular 
weight equal to or greater than tetra-ii-propyl 
ammonium 

2 This method is rapid, sensitive, and repro 
ducible Primary, secondary, tertiary amines, 
and alkaloids do not interfere 


3 Application of the method to the deter- 
mination of isopropamide iodide in the presence of 
prochlorperazine dimaleate in a pharmaceutical 
preparation was quantitative 
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The Biological Action of Cellular Depressants and 

Stimulants V* 

The Effect of Phenylurethane on Cellular Synthesis by Tetrabymena 

pyriformis GL 

By WALTER SINGERf and JOHN J. EILER 


When tetrahymena were synchronized by heat treatment in the presence of a 6 X 
10 -*M concentration of phenylurethane, the drug inhibited the increase in cell 
size and reduced the amount of protein synthesis normally found to occur during 
the period of heat treatment. Deoxyribonucleic acid (DNA) synthesis was not 
significantly inhibited. When this concentration of phenylurethane was added 
to tetrahymena cultures shortly after the end of the heat treatment, the drugged cells 
were not different from the controls in cell size, in protein content, or in DNA 
content at the onset of first synchronous division. 


Asa part of a general study of narcotic action 
^ we have continued our investigation into the 
effect of phenylurethane on parameters related 
to synchronous growth and cell division of 
T etrahymena pyriform is GL. Previously we have 
reported that the drug dela 5 "s the onset of syn- 
chronous dmsions and reduces the magnitude of 
the maximum division inde.xes (1). This paper 
presents evidence that phenylurethane inhibits 
the synthetic processes giving rise to the increases 
in cel! size and cell protein which take place 
during the period of temperature cycling 
Deo.\}Tibonucleic acid (DNA) synthesis does not 
appear to be inhibited, 

METHODS 

Details of culture technique, cell counting, and 
synchronization procedure have been given (1) 
Eight temperatme shocks of 34° alternated with 
28.2° levels were used to synchronize tlie cells 
(2). The protozoocrit method of Elliott (3) 
was used to measure cell volumes Each 
protozoocrit was calibrated with mercury to the 
0 01 mark. Five- or ten-milliliter suspensions of 
cells killed by the addition of 0 25 or 0 5 ml of 
formalin were centrifuged at 2,500 r p ra for fifteen 
minutes, using the No. 303 metal shield in the 
International centrifuge No. 2 with the No 240 
head. The volume of packed cells was divided by 
the total cel! number to obtain the volume of the 
average cell. Tests of the reproducibility using 
eight 10-mI. suspensions pipetted from the same 
log phase culture showed a standard error of the 
mean volume of about ±17% 

' For DNA and for some protein assaj's, cells 
were killed by holding the suspensions for thirty 
seconds in a 90° water bath. After centrifugation 
y and washing with 0.24% NaCl solution, DNA was, 

* Received October 30, 1059, from the School of Pharmacy 
University of California Medical Center, San Francisco 22 
This paper is adapted from the prize-winning: manuscript 
submitted by Walter Singer in the 1958 Lunsford Richardson 
Pharmacy Awards competition 
t Fellow of the American Foundation for Pharmaceutical 
education, 19S5-19S0, and Smith Kline and French Fellow. 
1950. 


e.\tracted by two fifteen-minute hydrolyses with 
5% trichloroacetic acid (TCA) at 90° E.vtraction of 
DNA by this procedure was found to be as complete 
as by the more involved Schneider method (4). 
Hydroly'sates were combined and DNA content 
determined by the Dische indole method (5), 
as modified by Cerriotti (6) and Keck (7). Salmon 
sperm DNA (California Foundation for Biochemical 
Research) was used as the standard The TCA 
insoluble residue of cellular material from the DNA- 
extracted tetrahymena was dissolved in 3% NaOH 
and assayed for protein content by the biuret 
method of Robinson and Hogden (8), using crystal- 
line plasma albumin (Armour) as the standard In 
some experiments, this protein assay was carried 
out using the TCA-insoluble material remaining 
after formaldehyde-killed tetrahymena had been 
carried through the Schneider extraction method for 
DNA (4). 


EXPERIMENTAL AND DISCUSSION 

The effect of phenylurethane was studied under 
two general conditions, (a) when the drug was 
added to log phase cultures just before beating the 
bath water up to the 34° level for the first tempera- 
ture shock and (b) when the drug was added to 
synchronized cultures approximately fifteen min- 
utes after the last (eighth) 34° level In either 
case, 0.05 ml. of a stock solution of the drug in 95% 
ethanol was added, aseptically, to 25 ml. of culture 
to yield a final concentration of 6 X I0~< with 
respect to phenylurethane At the same time, 
suitable controls were provided by adding 0.05 
ml. of 95% ethanol to equivalent cultures. 

The experiments with the drug added before 
heat treatment were designed to observe the effect 
of phenylurethane upon the period of synchronous 
growth of the cell during the heat treatment and 
upon tlie subsequent first lag period. To provide 
basic reference points, the cel! volume, DNA, 
protein, and cell count were always determined on 
samples taken from the log phase cultures immedi- 
ately prior to temperature cycling. In various 
experiments, these same determinations were made 
for drugged and control cells (a) at about fifteen 
minutes after the end of tlie last 34° level and (b) 
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at the onset of Sirst sx'nchronous division. Technical 
factors precluded measuring all of these parameters 
at both stages ivithin any one e.xperiment. Success- 
ful sx'nchronization could be carried out onlj' if the 
experimental cultures were maintained with a 
reasonably large surface-volume ratio. Accordingly, 
for S3’nchronization onh' 25 ml. of culture was added 
to a 300-ml. Erlenmej^er flask. To provide 
sufficient cells for all the samples required, it was 
necessarx' to use at least six flasks in each experi- 
ment; three for control cells, three for drugged 
cells. It was then necessary to pool two of the 
flasks from each type of cell in order to have a 
sample of the size to permit the determination of 
cell DNA, protein, volume, and number. The 
remaining flask of each type of cell xvas used to 
folloxv the sjmehronous divisions. With these 
conditions and using a proteose-peptone and 3 'east 
extract medium, an excellent first s 3 ’nchronous 
division xvas alwa 3 's seen; the maximum division 
index averaged 0.73 (1). Second synchronous 
divisions were sometimes seen to occur, third 
divisions were not. 

The Effects of 6 X 10~^ d/Phenylurethane Added 
Before Heat Treatment.— Phen 5 ’lurethane was 
found to modif 3 ' the morphological changes ob- 
served to occur in tetrah 3 ’mena during the heat 
treatment. After the eighth level at 34°, nondrugged 
tetrahymena were clearly enlarged relative to log 
phase cells. Most cells were distorted from the 
t 3 'pical p 3 'riform shape, there being an overall 
swelling which was particularly pronounced at the 
posterior two-thirds of the body. The cell apices 
were distinctly rounded rather than pointed. Pro- 
tuberances, apparentl 3 ' randoml 3 ’ distributed about 
the cell body, could be seen. During the first lag 
period, the protuberances seemed to disappear 
and the cells began to look more nearly t 3 ’pical in 
shape. After the first stmehronous division, the 
cells, though enlarged, had the general appearance 
of log phase cells. 

The cells xvhich xvere heat-treated in the presence 
of phen 3 -lurethane appeared enlarged at the end of 
the heat treatment, but xvere visibly smaller than 
the nondrugged cells at the same stage. The 
drugged cells were more nearl 3 - elliptical and, though 
somewhat swollen, showed less distortion than the 
controls. Cells xvith protuberances were rarely' 
seen. No differences xvere noted in transparency 
or in motility of drugged cells compared to controls. 

Tables I and II present data to show the extent 
of the increases xvhich xvere found to occur in 
volume, protein content, and DNA content per 
average control and drugged cell during the heat 
treatment and during the first lag period. For the 
controls, there was an almost threefold increase 
in ax’erage cell volume by the end of temperature 
cycling (Table I). This agrees xvith previously' 
reported increases in size during cycling (2, 9). 
When temperature-cycled in the presence of 6 X 
10“^ M pheny'lurethane, tetrahy'mena increased 
in cell volume only about twofold (Table I). The 
average drugged cell volume xvas 76% (Table I) of 
that of the control at the end of the heat treat- 
ment. 

It has been shown that tetrahymena w-hicli have 
been heat-treated in the presence of phenylurethane 
will begin first synchronous division about twenty' 
minutes later than the control cells (1). The 


average size of the drugged cells at sevcnty-eiglit 
minutes after heat treatment was compared to tli.it 
of nondrugged cells at fifty'-nine minutes after 
(Table I). At these respective times, each suspen- 
sion had just entered into the phase of first syn- 
chronous division. The average drugged cell volume 
was found to be only' 81% of that of the control. 
The values for the averaged cell volumes were 
derived by' calculation from the total packed volume 
of a known number of cells. It is, therefore, pos- 
sible that the apparent loxver volume of the average 
drugged cell w'as the result of a change in cell size 
distribution such that there xvas an increased pro- 
portion of abnormally' small cells in the drugged 
culture. On the other hand, there could have been 
an overall proportional decrease in cell sizes xvith- 
out a notable change in distribution of sizes. It was 
considered important to distinguish between these 
two alternatives in order to permit a more adequate 
correlation of the volume data with the results of 
the study' of the drug effect on the synchronous 
divisions. Consequently, the effect of phenylure- 
thane on the distribution of cell sizes was investi- 
gated, 

Seherbaum (9) has studied cell size distribution 
in normal and in sy'nchronized cell populations. 
His method required calculation of cell volume 
from measured lengths and widths of a number of 
individual cells by use of the formula for volume of a 
prolate spheroid ( F = Vs sr ab^). Bonner and 
Eden (10) point out that there is no one "correct" 
or “logical” way of plotting data for frequency 
distribution of cell sizes and recommend that such 
data simply be presented in the clearest and most 
direct manner. Accordingly', in this investigation , 
the frequency' distributions of cell lengths and 
widths were determined, but volumes were not 
calculated. Photomicrographs were placed in a 
microfilm reader and the lengths and widths of the 
magnified images of the cells were measured to the 
nearest 0.5 mm. The final magnification (275X) 
was such that 1.0 mm. of the image equalled 3.G3 p 
of the origin.Tl cell. All of the cells in each photo- 
graph were measured, this amounting to about 
txventy' cells in each instance. Five pictures of 
nondrugged cells just beginning to enter first 
sy'nchronous division were examined; from the 
same experiment, five pictures of drugged cells like- 
wise at the onset of first sy'nchronous division were 
selected. 

The data for cell lengths (Fig. 1) show' the 
distribution of cell sizes within the drugged culture 
to be similar to that within the control. The 
pheny'lurethane brought about a shift of the entire 
range of cell sizes in the direction of smaller cells 
rather than the formation of a group of abnormally 
small cells w'ithin an otherwise normal cell size 
distribution. This is evidence that, w'hen ready' to 
begin the first sy'nchronous division, the average 
drugged cell must have been smaller than the 
average nondrugged cell. Thus the delay in onset 
of first sy'nchronous division xvas not brought 
about by' a requirement for the drugged cells to j 
grow up to the size of the control cells in order to „ 
div'ide. 

The data in Table I show that during the tem- 
perature cy'cling the protein content per average 
nondrugged cell increased about threefold. Thus, 
protein sy'nthesis and increase in cell volume kept 
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Table I — The Effect or Phenylurethane on Cell Volume, Protein, and DNA Consent of Telra- 

hymena pynformis GL" 


Per Average 


After Heat Treatment 

At Onset of 1st Symehron Di\ 

Cell 

Log Phase 

Controls 

Drugged 

Controls** 

Drugged® 

Volume (g’ X 10’)'^ 

14 2 ± 0 6 

38 9 ±21 

29 1 ^ 0 9 



Ratio to log phase 

1 00 

2 74 

2 05 



Per cent of control 



76 



l^ohime (g® X 10®)' 

16 8 ±03 



45 6 ±02 

36 7 ± 2 5 

Ratio to log phase 

1 00 



2 71 

2 IS 

Per cent of control 





81 

Protein (meg X 






10-’)^ 

1 44 ± 0 06 

4 44 ± 0 17 

3 41 ± 0 13 



Ratio to log phase 

1 00 

3 09 

2 37 



Per cent of control 



77 



Protein (meg X 






10-®)' 

1 85 ± 0 19 



5 37 ± 0 34 

4 30 ± 0 11 

Ratio to log phase 

1 00 



2 96 

2 38 

Per cent of control 





81 

DNA (meg. X 






10-®)-' 

1 69 ± 0 14 

3 11 ± 0 18 

2 79 ± 0 08 



Ratio to log phase 

1 00 

1 84 

1 65 



Per cent of control 



90 



DNA (meg X 






10-®)' 




2 86 ± 0 49 

2 79 ± 0 10 

Ratio to log phase 




1 69 

1 65 

Per cent of control 





98 


“6 X 10 iU phenylurethane added to culture medium before heat treatment * Measured at fifty atne mmutes after 
the end of the heat treatment ^ Measured at seventy eight minutes after the end of the heat treatment ^ Average of 6 
experiments * Average of 2 experiments / Average of 9 experiments 
The standard errors were calculated from the formula 


SE. « 


:iz 


h(X - A-)« 
\ ii(n - 1) 


Table II — The Effect of Phenylurethane on Cell Voliime, Protein, and DNA [Content of Tetra- 

hymem pyrifonms GL" 




After Heat 

At Onset of 1st Synchron Div 

Per Average Cell 

Log Phase 

Treatment 

Controls & 

Drugged * 

Volume (g® X 10®)-' 

15 9 X 0 2 

36 2 ± 14 

43 5 ±2 7' 

40 3 ± 18' 

Ratio to log phase 

1 00 

2 28 

2 74 

2 53 

Per cent of control 




93 

Protein (meg X lO'’®)"' 

1 75 ± 0 07 

4 39 ± 0 23 

4 40 ± 0 26 

4 67 ± 0 31 

Ratio to log phase 

1 00 

2 63 

2 53 

2 68 

Per cent of control 




106 

DNA (meg X 10”®)/ 

1 94 ± 0 01 


4 67 ±0 12 

4 58 ± 0 03 

Ratio to log phase 

1 00 


2 44 

2 40 

Per cent of control 




99 


OCX 1Q“< 3/ phenylurethane added to culture medium after heat treatment & Measured at approximately sixty' minutes 
after the end of the heat treatment e Measured at approximately sixty two mmutes after the end of the heat treatment 
Average of 4 experiments « The average cell volume at onset of sy-nchronous dnision was statistically’ different from that 
after heat treatment according to the f test (p < 05) / Average of 2 experiments 

The standard errors were calculated from the formula 
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pace during the heat treatment Phenylurethane 
inhibited this protein synthesis to the same extent as 
it did the volume increase After cycling was 
completed, the average protein content of the 
drugged cell, though increased more than twofold, 
averaged only 77% of that of the control cell at the 
same stage (Table I) At the onset of synchronous 
division, the drugged cells had not yet synthesized 
as much protein as had the nondrugged (Table I) 
This correlates with the smaller drugged cell volume 
observed at the onset of synchronous division 
The deoximibonucleic acid (DNA) content of 
control cells was found nearly to double during the 
beat treatment (Table I) Comparable results 
are in the literature (11, 12) A fourfold increase 
in DNA content per cell also has been reported 
(13) When the drugged cultures ucre tempera- 
ture-cycled, the average DNA per cell increased 


by a factor of 1 65 Application of the /-test (14) 
shows that the difference between the DNA content 
of drugged and control cells was not statistically 
significant (p > 05) At the time of the onset of 
first synchronous division, there was likewise no 
significant difference between the DNA content of 
drugged and control cells (Table I) Apparently, 
phenydurethane had less effect upon DNA synthesis 
than upon synthesis of protein and increase in cell 
size during temperature cycling 
The Effects of 6 X 10~ ^ ill Phenylurethane Added 
After Heat Treatment. — When phenylurethane 
was added at appro.vimately fifteen minutes after 
the end of tlie heat treatment, i e., to already 
synclironized cells, the drug showed no significant 
effect upon ceil volume, protein content, or DNA 
content during the subsequent first lag period. 
Data in Table II show each of these attributes to 
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Fig. 1 — The effect of phenylurethane on the 
distribution of cell lengths; 6 X 10”^ il/ phenyl- 
urethane added before heat treatment. X, con- 
trols; O. drugged. The lengths presented in the 
figure are those of the projected cell and can be 
multiplied by 3.3 to give actual cell lengths in 
microns. 


be equivalent for drugged and control cells at the 
onset of first synchronous division. It should be 
pointed out that under these experimental condi- 
tions, drugged cells entered into first synchronous 
division from five to ten minutes later than did the 
controls, and the magnitude of maximum division 
index was decreased by about 12% (1). Also, 
second S3'nchronous division of drugged cells was 
even more delaj'ed (b\' about twenty minutes) 
and its maximum division index was reduced to 
about 50% of the control value of 0.28 ( 1 ). 

These data also show that under our experi- 
mental conditions there was a 20% increase in cell 
size, but no synthesis of protein during the first lag 
period. Christensson (15) has found that protein 
sjmtliesis stops and that cell protein content may 
even fall during the first lag period. Sherbaum 
(11) has reported drj- weight to increase bj- 25% 
during this interval and that "the mean cell size 
increases slightly before the first division” (9), 
In another work (16), he and co-workers found an 
increase of 8-22% in cell volume to occur between 
the end of the heat treatment and the onset of 
synchronous division and that the changes in cell 
density (dry weight divided by volume) which did 
occur showed no characteristic pattern. Our data 
show increase in volume and protein content to 
parallel during heat treatment and suggest that the 
cell volume increase during the first lag period could 
be due to water uptake not associated with the 
sj-nthesis of protein. Whether growth does or 
does not take place between the end of the heat 
treatment and the onset of first synchronous divi- 
sion may be related to the number of exposures to 


the 34° level. Some workers (9, 15) have used 
eight temperature shocks as we have; a series of 
seven shocks (11, 16) has also been used. Further- 
more, variations in the degree of nutritional enrich- 
ment of the several culture media employed in 
these investigations may liave established different 
ultimate limitations upon the rate and the total 
extent of growth possible both during the heat 
treatment and the first lag period. 

In view of the frequently^ proposed relationship 
between DNA and cell division, it is interesting 
that we were unable to show phenylurethane 
inhibition of DNA synthesis. Drugged cells were 
found to be delaymd in entrance into first synchro- 
nous division even though averaging approximately 
the same DNA content as nondrugged cells (Tables 
I and II). Our results are perhaps related to those 
of Ducoff (17) who has reported that X-ray 
inhibition of the onset of synchronous division 
occurred when tetrahy’mena were irradiated after 
the heat treatment was completed. The fact 
that the onset of division was delay'ed even though 
the tetrahymena had an abnormally' large DXA 
content at the time of irradiation was considered 
evidence against the hy'pothesis that X-ray irradia- 
tion inhibits cell division by preventing DXA 
symthesis. 

It would appear that cell size per se is not a major 
controlling factor in the initiation of synchronous 
cell division. The average drugged cell may be 
smaller than the average nondrugged cell at the 
time of division (when heat-treated in contact 
with phenylurethane), or it may be the same size as 
the nondrugged cell and yet divide later (when 
phenydurethane is added to already synchronized 
cells). Prescott has reported that initiation of 
cell division does not depend on the attainment of a 
fixed critical size for asynchronously growing tetra- 
hy'mena (18) or for amebae (19), although ameba 
cell size may influence the lengtlr of the cell cycle 
(20). Similar evidence indicates that the total 
cellular protein content does not dictate when 
symehronous division shall occur. As with DNA, 
the possible importance of a quantitatively insig- 
nificant but very- specific protein cannot be dismissed 
from consideration. It should also be observed 
that the notable inhibition by' pheny'lurethane of 
the marked growth and protein synthesis which 
occurred during the heat treatment was accompanied 
by' pronounced effects upon the subsequent first 
sy'nchronous division. On the other hand, when 
the drug was added at the start of the first lag period 
during which little growth or protein synthesis 
was found to occur, the effects upon the first syn- 
chronous division were quantitatively much lessened. 


SUMMARY 

1. When tetrahy'mena were sj'nchronized by 
heat treatment, the average cell volume and 
cell protein were increased threefold and the 
DNA twofold during the period of temperature 
cycling. 

2. When tetrahymena were synchronized by 
heat treatment in the presence of 6 X 10”^ 
phenylurethane, the increases in cell volume and 
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protein occurred to a lesser degree After tem- 
perature cycling, the drugged cells averaged 76% 
of the volume and 77% of the protein of the 
nondrugged cells DNA content of drugged 
cells was not significantly lower than that of 
nondrugged. At the onset of their division 
(eighty minutes after temperature cycling) the 
drugged cells were smaller, had a lower protein 
content, and the same DNA content when com- 
pared to the nondrugged cells at the onset of 
their division (sixty minutes after temperature 
cj’cling). The phenylurethane did not alter the 
relative distribution of cell sizes, but did shift the 
normal range of cell sizes in the direction of 
smaller cells 

3. When 6 X 10"^ M phenylurethane was 
added to already sjmchronized tetrahjunena 
shortly after the end of the temperature cycling, 
the drugged cells were not significantly different 
from the controls in volume, protein, or DNA at 
the onset of first synchronous dmsion (about six 
minutes later for drugged cells than for controls) 


4 The implications of the phenylurethane 
inhibition of cellular synthesis are discussed in 
relation to its effects upon synchronous divisions 
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A Quantitative Fluorometric Reaction 
for Glutethimide* 


By R. P. HAYCOCK, P. B. SHETH, and W. J. MADER 


A fluorometric pocedure is described for the determination of glutethimide (2-ethyl- 
2-phenylglutarimide) in tablet formulations which is based on the fluorogen re- 
sulting from its reaction with concentrated sulfuric acid containing formaldehyde. 
The fluorescent intensity is a straight line function of concentration over a wide 
range. The excitation and fluorescent spectra were determined with a spectrophoto- 
fluorometer as an aid in studying the method. 


lutethimide' is a central nervous system 
depressant, hypnotic, and sedative. Its 
structural formula is 


/X: 


C.Hs 


O' 




H 


O 


\ An examination of the literature shows a 
\ scarcity of methods for its determination 

Using p-nitrobenzeneazoresorcinal as the indi- 
cator and pyridine or ethylenediamine as the 
solvent, glutetliimide may be titrated as a 


April 7, 19G0, from the Research Department, 
t-iba Pharmaceutical Products. Inc . Summit, N J 
Elba's trade name for glutethimide is Doriden 


monobasic acid with sodium methoxide (1), 
Direct titration of glutethimide in powdered 
tablet samples is not possible if the tablet e.x- 
cipients are acidic unless it is used in conjunction 
with other techniques to isolate glutethimide from 
interfering substances Goldbaum, Williams, and 
Koppan}d (2) recognized that glutethimide in 
strong alkaline solutions possesses astrongabsorp- 
tion maximum at 235 tn/u witli an absorptivity 
(1%,1 cm ) of SSO, whereas in methanol, glute- 
thimide exhibits a very weak absorption as shown 
in curve A, Fig. 1. The occurrence of strong 
absorptivity in alkaline solutions is presumably 
related to resonance of the molecule permitted by 
ionization of the nitrogen-bound hydrogen atom 
(3). Howev^er, the rapid hydrolysis of gluteth- 
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Fig. 1. — Absorption curves of glutethimide. A, 
Glutethimide in methanol 0 4 mg./ml. ; B, formalde- 
hyde-sulfuric acid fluorogen of glutethimide 0.02 
mg./ml.; C, formaldeh 3 ’de-sulfuric acid fluorogen of 
glutethimide 0 2 mg./ml. 


imide in strong alkaline solution is not con- 
ducive to its determination in pharmaceutical 
preparations. Sheppard (4) and associates uti- 
lized a method based on the formation of a colored 
complex between ferric ion and the hydroxamate 
resulting from the reaction of glutethimide with 
alkaline hydroxylamine for the determination of 
the drug in urine. The presence of lactose and 
anions which complex with ferric ion or salts 
which form precipitates with ferric ion interfere 
with the method. Notwithstanding the adapt- 
ability of these methods to a particular problem, 
they present difficulties and ambiguities in the 
determination of glutethimide in certain tablet 
formulations. 

The authors have observed that glutethimide 
when heated with concentrated sulfuric acid con- 
taining formaldehyde gives a reddish coloration 
with an intense blue fluorescence. The trans- 
formation of glutethimide into a fluorogen with 
formaldehyde-sulfuric acid reagent is the basis of 
the method of anah'sis to be described. Opti- 
mum conditions for the development of the 
fluorescences have been determined, and the 
applicability of the reaction to related compounds 
is noted. 


EXPERIMENTAL 

The fluorescent properties of formaldehj'de-sul- 
furic acid treated glutethimide were studied using 
the Aminco-Bowraan spectrophotofluorometcr in 
order to facilitate the selection of filters for the 
quantitative measurements. The instrument was 
calibrated against quinine by the method of Sprince 


and Rowlej' (5). The excitation and fluorescent 
spectra which characterize the fluorogen were ob- 
tained using a Moseley model No. 3 flat bed XY re- 
corder as shown in Fig. 2, Measurements were 
made at room temperature in a quartz cell having a 
1-cm, light path using Vie inch defining slit (band 
pass = 6 m/i). An RCA 1P21 photomultiplier tube 
was used to detect the emission. The e.\citation 
spectrum is represented by a plot of the exciting 
wavelength against the intensity of the fluorescent 
light. The fluorescent spectrum represents the rela- 
tive intensity of the fluorescent light over the range 
of 200 to 600 mp. Excitation maxima were ob- 
served at 280 and 365 m/i, and the corresponding 
maximum fluorescent emission occurred at 450 m/i 
The peaks checked .within 5-10 m/j on repeated tests 
Absorbance measurements of the fluorogen were 
made with a Cary recording spectrophotometer as 
shown in curves B and C, Fig. 1. A maximum at 
257 m/i in the ultraviolet region and a ma.ximuin at 
365 mp in the near visible region are indicated. The 
wavelength of greatest excitation seems to coincide 
with the strongest absorption band (365 m/i) nearest 
the fluorescent spectrum band. 



Fig. 2. — Excitation and fluorescent spectra of for- 
maldehyde-sulfuric acid fluorogen of glutethimide. 

A, Excitation scan — ^fluorescence held at 450 nip; 

B, fluorescent scan — excitation held at 380 mp. 


PROPOSED QUANTITATIVE PROCEDURE 


Reagents. — Unless otherwise indicated, all rea- 
gents are reagent grade. Formaldehj’de-sulfuric 
acid reagent: dilute 10 ml. of 37% formaldehyde to 
100 ml. with concentrated sulfuric acid with cooling. 
Prepare fresh daily; diluted sulfuric acid, 50% I 
dilute 100 ml. of water with 100 ml. of sulfurie acid 
cautiously with cooling; reference standard glu- 
tethimide: use crystalline glutethimide assaj-ed bj 
phase solubility (6), solubility in 50% aqueous 
methanol is 15.1 mg./Gm.; standard glutethimide 
solution: prepare standards containing 0.1, 0.3, 0.5, 
0,7, and 1.0 mg./ml. in methanol. \ 

Apparatus. — Use a photofluorometer such as the 
Coleman photofluorometer model 12C with broad y 
band Corning 5970 filter (PC-6) to isolate the 
citing radiation (365 mp) and a combination Corning 
3389-4308 filter (PC-1) which transmits 450 mp to 
isolate the fluorescent light emitted. 

Procedure. — Weigh a counted number of not less 
than 20 tablets, and reduce them to a fine powder. 
Transfer an accuratel}’ weighed portion of the poii- 
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der, equivalent to 50 ing of glutethimide, to a 100- 
ml. volumetric flask. Dilute to volume with metha- 
nol and shake. Centrifuge a portion of the mixture 
and use the clear supernatant liquid for fluorescent 
fdevclopment (concn. =05 mg /ml ). 

Pipet 1 ml of each standard solution of glutethi- 
mide. 1 ml. of the sample preparation, and 1 ml. of 
methanol into separate 50-ml volumetric flasks 
Add 5 ml, of formaldehyde-sulfuric acid reagent, 
and heat in the oven for twenty minutes at 100“ 
with occasional swirling ol the contents of each flask 
Cool the flasks to room temperature, dilute to 
%'olume with diluted sulfuric acid, adjust the tem- 
perature to 25°, and shake well Allow the flasks to 
stand for fifteen minutes to permit air bubbles to 
escape. Adjust the photofluorometer to an ar- 
bitrary point, 75, with the highest standard and at 
zero with the blank using the standard cell supplied 
with the instrument Determine the instrument 
readings on the other standards and the sample 
preparation A plot of fluorescent intensity vs 
concentration, as shown in Fig 3, is linear Ascer- 
tain the concentration of sample preparation from 
the graph In routine analyses it is unnecessary to 
run several concentrations of standard Use a 
standard containing 0 5 mg /ml and calculate the 
quantity of glutethimide in mg in the sample bj' the 
formula (A — B)/(S—B) X 50. where A and 5 are 
the fluorescent readings of the sample and standard, 
respectively, and B is the blank. 



■^I’ig 3.— -Plot of fluorescences of final solution against 
j initial concentration of glutethimide. 

' DISCUSSION 

In order to determine the optimum reaction time 
for the formation of the fluorogen, the fluorescence of 
the final solution as a function of heating was in- 
vestigated From the curve shown in Fig. 4, it can 
be seen that at 100° a constant maximum fluorcs- 

/ 



Fig 4 — Plot of fluorescences of final solution 
against heating time of reaction. Initial concentra- 
tion of glutethimide was 0.5 mg./ml. 


cence is obtained after fifteen minutes. On this 
basis twenty minutes was selected for the assay 
procedure Temperatures below 100° were un- 
satisfactory, and at room temperature the fluorogen 
was not formed 

The behavior of glutethimide toward concentrated 
sulfuric acid was determined in advance of the addi- 
tion of formaldehyde, but no fluorescence was de- 
tected indicating that the formaldehyde was an 
essential factor in the reaction. Figure 5 illustrates 
the effect of the concentration of formaldehyde on 
the fluorescent intensity The fluorescence of the 
solution remained constant and stable for a reagent 
containing 6 to 20 ml. of formaldehyde for each 100 
ml of sulfuric acid. For convenience, 10 ml. of 
formaldehyde was used in the reagent for the pro- 
posed analytical method. Subsequent experimental 
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Table I — Comparison of Fluorescent and 
Colorimetric Procedures 


' — Glutethimide, 



Description 

% of Declaration 
Fluores- Colon 

Sample 

and Declaration 

cent 

metric 

1 

Tablets, 125 mg 

100 6 

100 0 

2 

Tablets, 125 mg. 

100 5 

100 6 

3 

Tablets, 250 mg 

100 3 

99 6 

4 

Tablets, 500 mg 

98 5 

98 4 

5 

Tablets, 250 mg with 
reserpine, 0 2 mg 

101 5 

100 4 

6 

Tablets, 125 mg with 
reserpine, 0 I mg 

99 5 

100 8 

7 

Tablets, 125 mg with 
reserpine, 0 1 mg 

103 3 

102 4 

8 

Tablets, 125 mg with 
methylphenidate,'’ 

5 mg 

101 5 

99 9 

9 

Tablets, 125 mg with 
methylphenidate, 

10 mg 

100 7 

100 0 

10 

Capsules, 125 rag 

104 0 

107 0 


a Ciba’s trade name for methjlphenidate is Ritalin 


data indicated that trioxymethylene could be siib 
stituted for the formaldehyde solution. 

The addition of water to the fluorogen formed on 
heating glutethimide with formaldehyde-sulfuric 
acid reagent destroys the fluorescence How ever 
the final solution may be diluted to volume with di- ' 
luted sulfurie acid in concentrations greater than 
40% without adversely affecting the intensity of the 
fluorescence In the assays procedure 50% sulfuric 
acid was more suitable and was used in the proposed 
method. 

The authors have analyzed several lots of tablets 
containing glutethimide and combinations trith other 
drugs by both the hydroxamic acid colorimetric pro- 
cedure and the proposed fluorometric technique 
The colorimetric procedure required preliminarj 
extraction with chloroform to separate glutethimide 
from lactose The summary of these analyses, as 
shown in Table I, indicates that the two methods 
yield concordant assay values Common tablet 
excipients such as starch, powdered sugar, lactose, 
stearic acid, magnesium stearate, talcum, and mag- 
nesium aluminum stearate do not interfere with the 


Table II —Fluorescence of Glutethimide and Some Related Compounds 


Compound 

Glutethimide 


Aminoglutethimide” 


Phenglutarimide 


Phenobarbital 


Dialiyibarbituric acid' 


Uracil 


Structure 

CiHs 


o 




H 


O 




C.Hs 




O 


O 


^ ^ NH, 
H 

CzHiNfC^Hsis-HCl 
^1 


O 




H 

o 

A?' 


o 


Ha 


HN 

I 

^ H 
O 


hO> 


hA 

I 


CH,CH=CH, 


O 


H 

KH 

I I 


^CH,CH=CH, 

O 


H 


O 


Relatbe 

Fluorescent 

Intensity 

100 


Nil 


23 


73 


23 


Nil 


Benzene 


Nil 

(colored) 
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Table II (conliniwd) 


Compound 


I 2-EtlivI-2-(t>-nitrophcnvl)-g!utaritnide 
/ ■ 


2-Ethyl-2-(/)-iiitroplicnyI)-gIutaritnide 


2-Phcnylglutariniide 


2-Methyl-2-phenylglutariraide 


2-EthyI-N’-methyI-2-phenylglutarimide 


Dietliylbarbituric acid 


4-Ethyl-4-phenylglutaraniic acid 


Structure 

CiHs 




/\| 





CH, 






CiH, 

q/\N/\q 

CHs 
O 


Af 


iHs 






J H ^ 
O 


CjHj 


/ 

NH,— C— C— CH,CH;~COOH 


Relative 

Fluorescent 

Intensity 

Nil 


Nil 


78 


96 


100 


Nil 


10 


o Elba’s trade name for aminoglutethimide is Elipten 6 Elba’s trade name for phenylglutanmide is Aturban r Elba’s 
trade name for dialyllbarbituric acid is Dial 


fluorescent technique. The totality of results on 
several commercial lots performed in triplicate 
showed a precision of ±2%. 

In order to determine the selectivity of the reac- 
tion and the effect of various moieties on the mole- 
cule, a number of related compounds were studied, as 
summarized in Table II The proposed assay is 
applicable to certain structurally related derivatives 
containing an unsubstituted phenyl group. Except 
for diallylbarbituric acid, the reaction does not occur 
\/"ith compounds lacking a phenyl group or com- 
t pounds containing a substituted phenyl moiety 
( The order of magnitude of fluorescence depends upon 
/ certain groups in the basic molecule w’liich may re- 
tard or prevent the fiuorogenic reaction Tlie pro- 
cedure is applicable for the determination of glu- 
tcthimide in the presence of its degradation product, 
TethyI-4-phenylgIutaramic acid, since the latter 
lields only one-tenth the fluorescence of glutethi- 
wide Although the chemistry of the reac- 


tion of glutethimide with formaldehyde-sulfuric 
acid reaction is obscure, it seems likel}’ that 
concentrated sulfuric acid brings about a condensa- 
tion of the compound with formaldehyde and then 
oxidizes tlie resulting compound to a fluorescent 
compound Phosphoric acid which behaves like 
sulfuric acid with respect to dehydration but, in 
contrast, never acts as an oxidant does not form the 
fluorescent compound in the presence of formalde- 
hyde. 
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Adaptation of the Chromotropic Acid Method to the 

Assay of Spans* 

By LACEY GATEWOOD, Jr., and HORACE D. GRAHAM 


The chromotropic acid method for the de- 
termination of formaldehyde has been adapted 
to the direct and quantitative determination of 
the Span surfactants. The proposed method 
involves saponification of the particular Span 
to yield sorbitol and the particular fatty acid. 
The sorbitol portion is then oxidized by 
periodate to yield formaldehyde which is 
coupled with chromotropic acid to yield a 
wine color with an absorption maximum at 
570 mix. This procedure has been found to 
be rapid and simple with a high degree of 
sensitivity. 


'"I 'he Spans are nonionic surfactants produced 
through the esterification of various fatty 
acids and sorbitan, the dehydrated form of 
sorbitol, a hexahydroxy alcohol. They are 
tvidely used in pharmaceutical products and 
their reactions influence the efficacy and sta- 
bility of pharmaceutical formulations. Their 
many applications, including some recent ones 
(3), allegedly involve an interaction between 
the simfactant and specific ingredients. The con- 
centration of these surfactants used, in most cases, 
is verj' low. The exact nature of the mechanisms 
whereby they exert their influence can be ascer- 
tained, therefore, only if rapid, precise, and 
sensitive methods for their determination are 
readily available. To date, no rapid colori- 
metric method for assay of this class of surfac- 
tants has been reported (6). Therefore, these 
studies were initiated to develop a rapid colori- 
metric method for their quantitative determina- 
tion exploiting the chromotropic acid method for 
formaldehyde (4) which has been modified and 
adapted to, among other things, the estimation of 
mannitol and sorbitol (2, 8). 

If subjected to alkali saponification, the Spans, 
in aqueous solution, should jdeld sorbitol and 
the particular fatty acid. The sorbitol portion 
should, therefore, be estimable by the chromo- 
tropic acid method to give a direct measure of 
the concentration of the particular Span. This 
premise was experimentally verified and con- 
stitutes the basis of this paper. 


• Received November 27, 1959, from the Georse Washing- 
ton Carv'er Foundation, Tuskegee Institute, Alabama, 

The authors wish to acknowledge gifts of the various 
samples of Spans used from the Atlas Powder Co., Wilming- 
ton, Del. 


EXPERIMENTAL 

Materials and Reagents . — Span 20, sorbitan 
monolaurate, lot 333 ; Span 40, sorbitan monopalmi- 
tate, lot 8068c; Span 60, sorbitan monostearate, lot 
7615c; all obtained from the Atlas Powder Co., 
Wilmington, Del. Potassium hydroxide, 0.5 jlf, 
U. S. P., Fisher Scientific Co. Periodic acid reagent, 
0.0075 21. Stannous chloride reagent, 0.0035 21. 
Chromotropic acid reagent, disodium salt, practical 
grade, Eastman Kodak Co., Rochester 3, N. Y. 
These reagents were prepared according to West 
and Rapoport (8). 

Equipment. — Coleman universal spectrophotom- 
eter, model 14; 20-mI. Pyre.x-stoppered test tubes. 

GENERAL PROCEDURE 

Saponification Step. — In all preliminary studies, 
Span 20 only was used. One gram was weighed into 
a 250-ml. Erlenmeyer flask. To this 50 ml. of 0.5 jV 
potassium hydroxide were added. The flask was 
placed in a boiling water bath for twenty minutes 
and after cooling the contents were quantitatively 
transferred to a 1,000-ml. volumetric flask and made 
up to volume with distilled water. When necessary, 
further dilutions were made with distilled water to 
obtain solutions for the subsequent oxidation and 
color development steps. 

Oxidation of the Sorbitol Produced Through 
Saponification and Color Development With Chromo- 
tropic Acid. — Solutions containing the equivalents 
of 300, 400, and 500 mcg./ml. of the original Span 
were made up from the saponified sample by appro- 
priate dilution with distilled water. One milliliter 
of each of these solutions was pipetted into dupli- 
cate 20-ml. glass-stoppered Pyrex test tubes. A 
control (in duplicate) containing distilled water in- 
stead of the saponified Span was included. Periodic 
acid reagent, 0.5 ml., was added to each tube and 
the contents were thoroughly mixed. The tubes 
were allosved to stand for eight minutes at room tem- 
perature (28 dz 1°). At the end of this period, 
0.5 ml. of the stannous chloride reagent was added 
to each tube, the contents again mixed well, and the 
tubes placed in a cold water bath. Six' milliliters 
of the chromotropic acid reagent and 2 ml. of dis- 
tilled water were added to each tube and tire tubes 
immersed in a boiling water bath for thirty minutes. 
After removal and cooling, the color intensity rvas 
measured at 570 m/i. Confirmation of the wave- 
length of maximum absorption was obtained by 
measuring the absorbance over the wavelength 
range of 400—700 mp and, as shown in Fig. 1, is at 
570 mp, which is the same as that for formaldeliydc, 
as found by Brickcr and Johnson (1), and for sor- 
bitol, as previously' established (8) and reproduced 
here. Span 40 and Span 60 gave absorption spectra 
similar to that of Span 20. 
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Fig 1 —Absorption spectra of cUromotropic acid 
complexes of formaldehj'de and the periodiate oxida- 
tion products of sorbitol and Span 20. I, blank; 
II, Span 20; III, sorbitol, IV formaldehyde 


The concentration of a particular Span in an un- 
known can be determined in exactly the same way 
and calculated from a standard curve for the Span 
If the amount of formaldehyde produced is used as 
the basis of calculation, then this can be determined 
from a standard curve for the formaldehyde- 
chromotropic acid reaction, established according 
to the general procedure but omitting the saponifica- 
tion step 

Influence of Saponification Time. — Duplicate 
solutions containing 400 meg of Span 20 were 
xsaponified for times indicated in Table I and the in- 
tensity of the color developed measured at 570 mu 

The results indicate that the difference in per 
cent transmission for saponification times of ten to 
thirty minutes fell well within the range of experi- 
mental error. At and abox'e forty minutes, color 
development was more intense but no constancy 
nas observed In view of the constant response 
over the lapse of ten to thirty minutes, a saponifica- 
tion period of thirty minutes xvas chosen. 


Table I — Effect of Saponification TistE on 
Color Intensitx' 


Saponification 
Time, mm 

10 

20 

30 

40 

50 


Transmission, 

% 

27 8 
27 5 
27 0 
25 2 
23 2 


Selected Time, 
min 

30 


minutes, 0.5 ml. of the peiiodatc ‘.olution containing 
3 75 X 10 moles of pot.assiiim periodate, 1.75 X 
10“^ moles of stannous chloride, 11 26 X 10“° moles 
of chromotropic acid, and a heating time of thirty 
minutes were optimal These limits for this system 
correspond well xvith those established by Bricker 
and Johnson (1) for form.aldeliyde. 

When the logarithm of the per cent transmission 
as recorded in Table II is plotted as a function of the 


Table II — Relationship Between Concentra- 
tion or Span 20 and the Intensity or the Color 
Developed 


Concen- 


tration of 


Span 20, 


meg /lO ml 

Expt I 

0 

87 0 

100 

63 9 

200 

46 9 

300 

33 4 

400 

24 5 

500 

19 0 


-Tran‘?mi«;sion, %• 


Expt II 

AveraRe 

85 

86 0 

62 

63 0 

44 8 

45 8 

32 8 

33 1 

24 7 

24 6 

18 0 

18 5 


concentration of added Span, a linear relationship 
results This indicates that a quantitative relation- 
ship e.xists and that Beer's law is being obej’ed 

Recovery of Span 20 from Mixtures Containing 
Anionic Surfactants. — Since pharmaceuticals may 
contain anionic surfactants, it was thought of in- 
terest to study recovery from a mixture containing 
some common forms For this, 1 0 Gm of Span 20, 
0 5 Gm of sodium lauryl sulfate, 1 0 ml of sodium 
tetradecyl sulfate, and 0.5 Gm of sodium lauryl sul- 
fonate were mi.xed with 50 ml of 0 5 M potassium 
hydroxide in a 125-ml Erlenmcyer flask The mix- 
ture was placed in a boiling water bath for thirty 
minutes Aliquots of the mixture calculated to con- 
tain 10, 20, and 40 meg. of the added Span 20 were 
oxidized and the color developed as in previous e.x- 
periments. 

The results summarized in Table III show that 
high recovery of Span 20 was achieved in the pres- 
ence of the anionic detergents used. 


Table III. — Recovery of Span 20 from Mixtures 
OP Anionic Surfactants 


Amount Added, Span 20 Recovered, 

meg Recovered, meg % 

10 10 100 0 

20 18 9 94 5 

40 38 8 97 0 


RELATIONSHIP BETWEEN COLOR 
INTENSITY AND CONCENTRATION OF 
SPAN 

\ 

\ After the optimal saponification time was estab- 
,{ hshed, aliquots of the saponified Span corresponding 
j ito 0, 100, 200, 300, 400, and 500 meg of the original 
Span were placed in duplicate ground-glass-stop- 
pered test tubes The samples were oxidized for 
eight minutes, the color developed according to the 
general procedure, and its intensity measured at 570 
"la Preliminary experiments had shonn that for 
color development an oxidation time of eight 


DISCUSSION 

Experimental evidence has been obtained to 
demonstrate that the chromotropic acid method for 
the determination of formaldehyde can be adapted 
to the direct assay of the “Span” class of surfactants 
Preliminary alkali saponification of the Span is 
necessary in order to release the sorbitan moiety for 
subsequent oxidation to formaldehyde For optimal 
conditions in the system emploj ed, a saponification 
time of thirty minutes, an oxidation time of eight 
minutes, a level of 3 75 X lO'** moles of potassium 
periodate, 1 75 X 10~® moles of stannous chloride. 
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11.25 X 10 moles of chromotropic acid, and a 
heating time of thirty minutes were selected. 

The similarities in the absorption spectra and 
visual appearance for identically developed colors 
using formaldehyde, sorbitol, and the Spans confirm 
that formaldehyde is actually produced after 
saponification and oxidation. Furthermore, evi- 
dence was obtained that the formaldehj'de produced 
from the saponification product of the Span can be 
determined directl 3 ’ bj' the chromotropic acid 
method. Although only three Spans were used, since 
the other commercially available ones, namelj’. Span 
65 (sorbitan tristearate), Span 80 (sorbitan mono- 
olcate), and Span 85 (sorbitan trioleate), all contain 
the sorbitan moiet\-, the test can be considered as a 
class test for the Spans. 

Since manj’ formulations are combinations of 
anionics and nonionics, recovery tests were at- 
tempted from mixtures. In the presence of anionics, 
good recoverj’ was achieved (Table II). Weeks, 
Ginn, and Baker (7) analj’zed for nonionics gravi- 
metricallj’ after ion exchange separation to remove 
the anionic tj’pe. The small quantities of nonionics 
in most preparations caused them some concern 
in their otherwise successful approach. The pro- 
posed direct spectrophotometric method could sup- 
plement the ion-exchange approach. Attempts to 
make direct assaj’s in the presence of cationic sur- 
factants were unsatisfactory, However, by use of 
ion exchange resin such cationic surfactants could be 
removed prior to analysis by the proposed method. 
Rosen (5) has also outlined a simple, useful pro- 
cedure for the separation of nonionic surfactants 
from mixtures with anionics by ion exchange. 
Polyoxyethylene types of nonionic surfactants will 
also give a positive test with chromotropic acid. 
However, as noted by Rosen (5), the oxonium salt 
of polyoxyethj'lene compounds can be precipitated 
by large anions such as cobaltothiocyanate, or phos- 
phomoU’bdate ion. This, then, could offer a pos- 
sible separation of the Tweens from the Spans after 
removal of anionic and cationic surfactants bj’ ion 
exchange resins. 


SUMMARY 

The chromotropic acid method for the deter- 
mination of formaldehyde has been adapted to 
the quantitative determination of the "Span” 
surfactants. The particular Span is first saponi- 
fied to release the sorbitol moiety. Controlled 
oxidation of the sorbitol by periodate leads to 
the production of formaldehyde which is then 
coupled with chromotropic acid to give a nine 
color, the intensity of which is proportional to 
the amount of Span present. 

Optimum conditions for determination are as 
follows : a saponification time of thirty minutes, 
an oxidation time of eight minutes, a level of 
3.75 X 10“® moles of chromotropic acid, and a 
heating time of thirty minutes for developing the 
color. These conditions are specified for a total 
volume of 10 ml. in the system. 

Satisfactory' recovery was achieved in the pres- 
ence of anionic surfactants, but recovery in the 
presence of cationic surfactants was unsatisfac- 
tory. For reproducible results it is recom- 
mended that all reagents be prepared fresh each 
day. 
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Notes 


Note on X-ray Crystallographic Data on Some Alkaloids from Vinca 

rosea Linn.* 

By ANN VAN CAMP 


A NU^5BER of compounds have been obtained 
from the pantropical plant, Vinca rosea 
Linn. An account of the preparation and charac- 
terization of the alkaloids from this plant has been 
given by Svoboda, Neuss, and Gorman (1) 
Crystallographic data on ttvo alkaloids from this 
plant, reserpine and ajmalicine, have been pub- 
lished by Rose (2. 3). Previously unpublished 
X-ray crystallographic data on nine alkaloids from 
this plant are presented here. 

EXPERIMENTAL 

Crystals of catheranthine, catlieranthinol, and 
lochnericine suitable for crystallographic work were 
crj'stallized from methanol; leurosine was crj’stal- 
lized from acetonitrile, vincaleucoblastine etherate, 
vindoline, and vindolicine were cr 3 ’sta!li 2 ed from 
ether; vincaleucoblastine methanolate was crystal- 
. lized from methanol, perivine hydrochloride was 
crj’stallized from methanol-ether mixture , and 
virosine was crystallized from chloroform-methanol 
mixture. 

The X-ray powder diffraction data on all samples 


except penvine hj'drochloride were obtained with 
chromium radiation and vanadium filter, using a 
wavelength value of 2 2896 A. in the calculations 
Copper radiation and nickel filter with a wave- 
length value of 1 5405 A were used to obtain the 
data on perivine hj'drochloride A standard Norelco 
powder camera, 114 6 mm in diameter, was used 
The single crystal data were obtained using 
nickel filtered copper radiation and a Weissenberg 
camera 

DISCUSSION 

Table I gives X-ray single crystal data Perivine 
hydrochloride and vindoline give optical biaxial 
figures From this fact and from observation of the 
hkO intensities, these two alkaloids cannot have 
higher than orthorhombic symmetry in spite of the 
apparent equality of the a and b cell dimensions 
Table 11 gives X-ray powder diffraction data 
Included in this table are data for three alkaloids, 
catheranthine, virosine, and vincaleucoblastine 
methanolate, for which no suitable single crj'stals 
were available 


Table I. — X-rav Single Crystal Data 




Cell 

Compound 

System 

Dimensions 

Catheranthinol 

Ortho 

o = 12 00 

CroHriNgO 


b = 13 52 



c = 10.48 

Leurosine 

Ortho 

o = 20 03 

CisHssNrOs-SHsO 


b = 26 63 



c =9.44 

Lochnericine 

Ortho. 

a = 13 40 

CsiHsiNjOs 


6 = 13 73 



c = 9.96 

Perivine -HCI 

Ortho 

Q = 15 85 

CsoHjiNsOa-HCl 


b = 15 85 



c = 7 59 

Vincaleucoblastine 

Mono. 

a = 22.57 

etherate 


b = 21.95 

CijHssNrOadCjHOiO 


c = 19 60 



j3 = 95°36' 

Ih'ndoiicinc 

Mono 

a = 15.94 

CmHmNjOs 


b = 10.61 



c = 14.03 



d = 95° 

Vindoline 

Ortho 

a = 15.61 

CjsHwN.Os 


b = 15 68 


c = 9 55 


Axial Ratios 


Formula 
Wt Per 

a b c 

Density 

Cell 

0 8876 I 0 7751 

1 210 
Fiotatjon 

1 207 X-ray 

4 

0 7522 I 0 3545 

1 262 
Flotation 

I 261 X-ray 

4 

0 9760 1 0 7254 

1 287 
Flotation 

1 280 X-ray 

4 

1 1 0 4789 

1 303 
Fiotation 

1 307 X-ray 

4 

I 0283:1 0 8930 

1 224 
Flotation 

1 215 X-ray 

8 

1.5024:1.1 1327 

1.288 
Flotation 
1.284 X-ray 

4 

0.9956:1:0.6090 

1 279 
Flotation 

1 299 X-ray 

4 


and Dr &I Gorman for supplying the compounds from which 
these data were obtained and to Dr R R Pfeiffer for tech- 
mcaf adtice 
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Catheranthine Vincaleucoblastme etherate 

C"iHj4N!0. HsO C 46 H 68 N 4 O 9 (C2HO!0 



d 



i/h 


d 



I/h 


d 

I/h 

hkl 


d 

I/h 

hkl 


10 

51 



1 

00 

4 

94 



0 40 

11 

32 

0 03 

200 

4 

48 

0 

07 

403, 430 


9 

43 



0 

80 

4 

85 



0 40 

9 

77 

1 00 

002 

4 

35 

0 

07 

204 


8 

74 



1 

00 

4 

71 



0 40 

9 

16“ 

0 13 

201,211 

4 

17 

0 

13 

432, 151 
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Note on the Occurrence of Taxine in Taxus brevi folia* 

By V. E. TYLER, Jr. 


A small amount of an alkaloid isolated from 
the fresh needles of Pacific yew was shown to 
be amorphous taxine. No cyanogenetic 
glycoside could be detected in this plant ma- 
terial. The chemotaxonomic significance of 
these findings is discussed. 

A RECENT survey of the chemotaxonomic sig- 
nificance of the occurrence of alkaloids and 
cyanogenetic glycosides in the genera Taxus, 
CephaloiaxHs, and Torreya has been conducted 
by Hegnauer (1). All of the species and varie- 
ties of Taxus investigated were found to contain 
alkaloids whicli were shown chromatographically 
to be identical with taxine, but these alkaloids 
were distinctly different from those present in 
Cephalotaxus. Many species and varieties of 
Taxus proved to be cyanogenetic, but all species 
of Cephalotaxus and Torreyea investigated, as 
well as some varieties of Taxus, were noncyano- 
I genetic. 

1 Taxus brevifolia Nutt., the Pacific or western 
,1 yew, was not one of the species investigated by 
Hegnauer, although he concluded on the basis 
of his survey that the complex alkaloidal mix- 

* Received Januarj' 22, 1960, from the College of Pbar- 
roacy, University of Washington, Seattle 5 


ture, taxine, probably occurs in all species of 
Taxus. This statement appeared to be of special 
interest in view of the report of Jones and Lynn 
(2) that T. hrevifoUa contains no alkaloid and 
probably no glycoside. Consequently, it was 
deemed worth while to re-examine this plant in 
an attempt to verify the chemotaxonomic 
significance of ta.xine in the genus Taxus. 

EXPERIMENTAL 

Isolation of an Alkaloid. — ^Fresh needles and small 
twigs of Taxus brevifolia collected in October near 
the summit of Snoqualmie Pass, Washington, were 
coarsely comminuted by passage through an Abbe 
mill No 000. A 1,150-Gni. quantity of this plant 
material was placed in a large beaker and allowed to 
macerate overnight with 2 L. of 2% hydrochloric 
acid. If was then divided into portions which were 
homogenized in a Waring Blendor together with 
appropriate volumes of an additional 2-L, quantity 
of 2% hj'drocbloric acid. The acid extract was 
separated from the resulting mash by e.\pression 
through muslin in a hand press. The 3 L of extract 
thus obtained was concentrated under reduced pres- 
sure in a flash evaporator at 55° to a volume of 800 
ml. which ivas rendered alkaline by the addition of 
ammonium hydroxide After extraction in a sep- 
aratory funnel with three successive 200-m!. portions 
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of chloroform, the chloroform extracts were com- 
bined and evaporated to dryness on a steam bath. 
This residue was redissolved in 30 ml. of ether which 
was then shaken out with three 5-ml. portions of 
hydrochloric acid. 

In order to effect a further purification of the 
alkaloid, the combined hydrochloric acid extracts 
were rendered alkaline with ammonium hydroxide, 
re-extracted with three 5-ml, portions of ether, these 
extracts combined and re-extracted three times with 
a total of 10 ml. of 2% hydrochloric acid. The 
alkaloid was precipitated from this solution by the 
addition of ammonium hydroxide, removed from the 
chilled solution by filtration, and dried in a desiccator 
over anhydrous calcium chloride. Yield of the 
alkaloid was 8.9 mg. or 0.00077% of the starting 
material, calculated on a fresh weight basis. 

Identification of Amorphous Taxine. — Since taxine 
is such a complex mixture of alkaloids which are 
subject to decomposition, Graf and Bertholdt (3) 
have concluded that the melting point of the com- 
pound has absolutely no relationship to its purity 
Likewise, the optical activity displayed by a solution 
of taxine varies according to the time of harvest of 
the plant and the botanical source of the compound. 
Consequentb', these classical analytical properties 
could not be employed in the evaluation of the 
alkaloid isolated from T. brevifolia. 

The benzidine and Prussian blue tests for nitrogen 

(4) yielded negative results when applied toasolution 
prepared from the products of sodium fusion of small 
quantities (<3 mg.) of the compound, but the same 
tests were also negative when applied to similar 
quantities of known taxine.' Subsequently, the iso- 
lated product was subjected to a quantitative micro- 
analytical procedure for nitrogen. The percentages of 
carbon and hydrogen were also determined, although 
this was considered as a secondarj- objective, and 
the quantitj' of sample available for this determina- 
tion was very small (1.811 mg.). This may explain 
the slight discrepancy in the percentage of carbon 
found in the sample. 

.4Ha/.=— Calcd. for CjjHsiNOio: C, 66,34; H, 7.67; 
N,2.09. Found; C, 61.26; H, 7.72; N, 2.15. 

The isolated alkaloid also gave positive reactions 
to a number of colorimetric tests for taxine, A deep 
red color was formed when it was treated with con- 
centrated sulfuric acid, and when the Salkowski test 
was applied, a reddish-orange color was formed in the 
acid layer and a pink color in the chloroform layer 

(5) . When the alkaloid was spotted on filter paper, 
sprayed with hydrochloric acid, and heated for a 
few minutes at 100°, it exhibited the characteristic 
bluish-red color and yellow fluorescence described by 
Graf (6). W'hen a similar spot on filter paper was 
sprayed with diluted Wagner’s reagent, it gave a 
citron-yellow color typical of taxine. 

Hegnauer (1) has shown that when amorphous 
taxine is subjected to paper chromatography in a 
number of common solvent st’stems it does not 
separate into its components but is detectable as a 
single, rather broad spot. Quantities of the iso- 
lated alkaloid were spotted on 3 inch X 12 inch 
sheets of Whatman No. 1 filter paper, not only as the 


1 A generous sample ol amorphous taxine was supplied 
through the courtesy of Dr. E. Graf. Wurzburg. Germany. 

t Analyses carried out by Drs. G. Weiler and F. B. Strauss, 
Microanalytical Laboratory, Oxford. England. 


single compound but also in combination ivitli 
authentic taxine and with a purified alkaloid, tl ex- 
tract freshly prepared from Taxus baccata L. These 
sheets were formed ascendingly for a period of five 
to six hours with the following solvent systems; ' 
H-butanol-hydrochloric acid-water (100-10-satura- 
tion), ?i-butanol-acetic acid-water (4-1-5), and n- 
propanol-1 A ammonia (4-1). 

The sheets were sprayed with Munier’s reagent (7) 
which gave reddish-orange spots with taxine and 
with the isolated alkaloid. The Rf values of the 
three test substances were identical in each of the 
three solvent systems emploj'ed; 


System Average)?/ 

Butanol-acetic acid -water 0.79 

Butanol-hj'drochloric acid-water. ... 0.82 

Propanol-ammonia 0.90 


Test for Cyanogenetic Glycoside. — The Grignard- 
Mirande qualitative test for hydrogen cyanide was 
carried out as described by Hegnauer (8) but eni- 
plojdng a double quantity (10 Gm.) of finely 
chopped, fresh needles of T. brevifolia. After incu- 
bating for fortj’-eight hours at 37°, the sodium pic- 
rate paper gave no indication of a positive reaction. 

CONCLUSIONS AND DISCUSSION 

On the basis of the results of the elemental anal- 
j'ses and various color reactions as well as Rf values 
obtained in three different wash liquids, it was con- 
cluded that the alkaloid isolated from Taxus 
brevifolia was amorphous taxine. The existence of 
this alkaloid in this species of Taxus in small 
(0.00077% of fresh weight) but definite amounts 
is thus confirmed. This is in contradiction to the -• 
earlier report of Jones and Lynn (2) which indicated 
the absence of alkaloids in T. brevifolia. 

This discrepancy may be explained, at least in 
part, by the relatively small amount of alkaloid 
present in this speeies, and by the faet that Jones 
and Lynn based their conclusion on the negative 
character of sodium-fusion tests for nitrogen. In 
this study' it has been shown that sueli tests do yield 
negative results when applied to small amounts of 
amorphous taxine. 

The presence of this alkaloid is of considerable 
interest from the chemotaxonomic viewpoint, since 
it confirms the reliability of taxine as a genus char- 
acteristic and substantiates Hegnauer’s postulation 
to this effect by' correcting a misconception present 
in the older literature. Furthermore, it supports 
the observation (1) that the smallest quantities of 
alkaloid are found in those species and varieties of 
Taxus which lack cyanogenetic glycosides, since 
gly'cosides of this type were found to be absent in 
this alkaloid-poor species. 
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Note on the Disappearance of Pharmacologic Activity* 

By JOSEPH V. SWINTOSKY and F. M. STURTEVANT 


T he concept of exponential excretion of drugs is 
not new (1-4); however, applications of this 
concept to pharmaceutical practice are of relatively 
recent vintage (5-8). Although most workers have 
studied only blood and urine levels, Hill (4) was one 
of the first to recognize the exponential character of 
the disappearance of some pharmacologic responses. 
In the assessment of various pharmaceutical forms of 
a drug, it is preferable to use performance indexes 
derived from pharmacologic responses, especially 
when they have some correlation to clinical thera- 
peutic responses. In addition, such responses re- 
flect the action of the original drug as well as all 
active metabolites. The present note illustrates 
the approximate exponential disappearance of 
pharmacologic response for several drugs and indi- 
cates how this knowledge may be applied phar- 
maceutically'. 

EXAMPLES FROM THE LITERATURE 

Pyretogenic Efiects. — Gogertj' and Dille (9) 
measured the py'retogenic effect of d-lysergic acid 
diethylamide (LSD) and of d-h'sergic acid morpho- 
lide (LSM) following i. v. administration into 
rabbits. The disappearance of fever appeared to be 
approximately exponential when we replotted their 
- data for 50 mcg./Kg. doses on semilog paper (Fig. 1). 
■ By graphical estimation, the half-lives (t0 for 
• I LSM and LSD yvere approximately 80 and 430 min., 
■ \ and the specific velocity' constants (k — 0.693/tj) 



It ) . on rabbit rectal temperature after 

, {intravenous administration of 50 mcg./Kg. of LSM 
and LSD, respectively. Each curve represents mean 
values of six rabbits. Data for plots from Gogerty' 
, , and Dille (9). ^ 


• Received March 30, 1960, from the Smith Kline ai 
rrei^h Laboratones, Philadelphia, Pa 

authors wish to acknowledge the technical assistan 
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O.OOS?”'”'"- and O.OOIO"”""-, respectively It is of 
interest that the replacement of the diethy'lamine 
side chain by the morpholine moiety' results in a 
more rapid elimination of the compound from its 
receptors. This may' also serve to explain the lower 
peak activity of LSM, although one cannot deny 
possible differences in affinity and intrinsic activity' 
between LSM and LSD. 

Antisialagogue Effects. — Carter, el al. (10), ob- 
tained some limited human data on salivary re- 
sponse following the oral administration of tincture 
of belladonna. Again, if the data are replotted on 
semilog paper, the disappearance of the anti- 
sialagogue activity appears to follow an exponential 
course (Fig. 2). The half-life is approximately 1 to 
1,5 hours and the velocity' constant about 0 6"'”' . 



Fig. 2. — Mean response of four experiments in two 
human subjects given 2 4 ml. tincture of belladonna 
at zero, four, and eight hours. Data for plots from 
Carter, c/ of, (10). 


EXPERIMENTAL 

Twelve male Dierolf mice were given 5 mg./Kg 
oral doses of the new anticholinergic agent SKF 
5515-1 (9-methy'l-3-oxo-9-azabicy'clo-[3,3,l]-nonan- 
T-yl-benzilate maleate) (11). At the next five 
hourly’ intervals, additional maintenance doses of 1 
mg./Kg,^ orally’ were given. Measurements of 
mydriasis were made under constant illumination 
using an ocular micrometer; these readings were 
recorded half-hourly in terms of arbitrary units (1 
unit -S-O.B mmr). The size of the maintenance dose 
was calculated on the basis of previous experiments 
(f2), in ^ which SKF 5515-1 display’ed an apparent 
my’driatic half-Hfe of 2.0 hours in mice; the corre- 
sponding velocity constant was 0.35 ->>■■■. Thus, 
letting IF = amount of drug in the body which is 

6S5 
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activating the m 3 -driatic receptors at a desired level 
(rag./Kg,), Wo = extrapolated “initial” amount of 
drug at / = 0, which approximates dose if absorption 
is rapid (mg./Kg ), t = time (hours), and k = con- 
stant for removal of drug from receptors (hours'*) 

W = TPoC'^' (Eq. 1) 

Wo - IP = Wo[l - (Eq. 2) 

To maintain the intensitj- of tlie one-hour mj'- 
driasis with hourh* sustaining doses, we may substi- 
tute in the last equation IPo = 5, / = 1, and k = 
0.35, whereupon IPo — W = 1.5 mg. /Kg. and IP = 
3.5 mg./Kg. The replenishment dose is then about 
3.5(1 — = 1 0 mg./Kg. hourlj’. 

RESULTS AND DISCUSSION 

In Fig. 3 it is observed that a fairly constant level 
of mt’driasis was maintained bj' the replenishment 
doses of SKF 5515-1. After the last dose, the Ij 
for disappearance of mt’driasis was 1.3 hours, which 
in turn compares favorably with the value of 2 
hours determined previously. 

In utilizing the preceding equations and calcula- 
tions. no attempt was made to interpret mechanisms 
of drug action. Furthermore, the assumption of 
first-order disappearance of pharmacologic response 
may be only approximately correct. As has been 



HOURS 

Fig. 3. — Mean pupillari* dilation in 12 mice receiv- 
ing 5 mg./Kg. of SKF 5515-1 orally at zero time fol- 
lowed by 1 mg./Kg. .at one, two, three, four, and five 
hours. Each unit of pupil dilation equals approxi- 
mately 0.2 mm. 


shown bj’ Hill and others (4, 13, 14), the drug re- 
ceptor reaction might be theoretically and cxpcri- 
inentallj' described bj’ a reversible second-order re- 
action. However, first-order rate equations are 
more simplj' handled than those of a higher order. 

It becomes a practical expedient to interpret data in ' 
terms of pseudo first-order reaction rate kinetics 
when possible. 

The utilitj' of the first-order rate kinetic constants 
for the design of oral sustained action products, for 
example, maj' be illustrated. For a sustained myd- 
riatic action at a 3.5 mg./Kg. level of SKF 5515-1, 
where absorption from the sustained release portion 
of the dose is zero order, where k == 0.35, and where 
the rate of drug elimination, dEJdt, should ideally 
equal the rate of absorption, dA/dt, i. e., where 
dWjdl = {dAldt) — {dE/dt) = 0, one may compute 
that the constant rate of absorption should be 
dA/dt = kW = 0.35 X 3.5 = 1.2 mg./Kg./hour. 
This is very' nearly equal to the replenishment dose 
required when administered every hour as illustrated 
in previous calculations. 

If, for example, sustained pupil dilation at this 
level is required for about four hours, the equation 
for estimating the total dose, initial release, and the 
maintenance portion of the sustained action dosage 
unit may' be written 


wt 

= Wo 

(total 

(initial 

dose) 

release) 


+ 


ri hr 

I kWdt (Eq. 3) 

J 1 hr. 


(maintenance portion) 


= Wo + ikX W X 3) 

= 5 + (0.35 X 3.5 X 3) 
= S.6 mg./Kg. 


The dosage unit, therefore, should contain 5 mg./Kg. 
for initial release, with 3.6 mg./Kg. available for 
relatively' uniform absorption over about the one to 
four hour interval. The equation and calculation 
may assume minor variations depending upon the 
rate of drug absorption, accuracy' with which IF may 
be determined, and other assumptions. 
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decrease in this solvent effect was apparent. The 
results suggested that the solubility-enhancing 
effect was due in part to salt formation and in 
part to complex formation. 

The interaction of riboflavin with phenol in 
aqueous solution was studied by Yagi and 
Matsuoka (17) by both spectral and quenching 
of fluorescence studies. The near ultraviolet 
and visible absorption spectrum of riboflavin was 
found to shift in the direction of longer wave- 
lengths in the presence of phenol. The results 
were interpreted on the basis of 1 : 1 complex for- 
mation and a dissociation constant of 0.21 mole/L. 
at 20° was calculated. Complex-formation be- 
tween the interactants was also suggested bj' the 
marked inhibition of the fluorescence of ribo- 
flavin in aqueous solution caused b}’ the addi- 
tion of phenol. Quenching of fluorescence ex- 
periments yielded a dissociation constant which 
was, however, approximately one-ninth that de- 
rived from spectral studies. The authors felt 
that the marked quenching of fluorescence could 
not be explained solely on the basis of the for- 
mation of a nonfluorescent interaction product 
but must involve other factors. It will be seen 
that a similar situation was encountered in this 
investigation. 

The effects of various substances on the water- 
solubility and other properties of riboflavin were 
investigated by Sakai (18). Compounds such 
as resorcinol, pyrogallol, hydroquinone, phloro- 
glucinol, /i-aminobenzoic acid, anthranilic acid, 
phthalic acid, benzoic acid, and others were 
found to exhibit solubilizing action. Related 
aliphatic compounds did not. Hydrogen-bond 
formation was postulated between the vitamin 
and some of the solubilizers. Harburv and 
Foley (19), however, studied the interactions of 
I'arious isoalloxazine derivatives and conjugated 
molecules by spectral measurements and de- 
termined that in several systems where no 
possibility of hydrogen-bond formation existed 
an interaction did, in fact, occur. Thev sug- 
gested that hydrogen-bonding is not a primary 
feature of such interactions but that molecular 
charge transfer and other mechanisms mav be 
more important. The results of the present 
investigation support this view. 

The objective of this investigation was to studv 
caffeine and some related compounds as potential 
solubilizers of riboflavin. It was expected, on 
the basis of structural similarities between 
riboflavin and other compounds which have been 
shown to complex with caffeine, that interactions 
and subsequent solubilization would occur. A 
search of the literature revealed that complex 


formation between caffeine and riboflavin an:! 
between caffeine and 3-methylriboflavin was in- 
deed knotvn. Quenching of fluorescence studie 
and spectral studies were utilized by Weber (20) 
And Yagi and Matsuoka (17), respectivelv, to 
determine the dissociation constant of a 1 : 1 com- 
plex which formed between caffeine and rib> 
flavin. The value of 0.019 mole/L. at 20° de- 
termined bj' the latter workers did not agrtt 
with the value of 0.011 mole/L. obtained bv 
Weber at approximately the same temperature 
Harburv and Foley (19) studied the caffeine-3- 
methylriboflavin system and determined bv 
spectral studies a dissociation constant of 0.021 
mole/L. at 22.5°. These constants must be 
considered as approximate since the nonidcal 
nature of caffeine in aqueous solution was not 
recognized by the investigators. 

Of pharmaceutical interest is the application 
of these interactions to increase the apparent 
solubility of riboflavin in a dosage form. .-11- 
though previous ivorkers were not motivated bv 
this objective, their results recommend this 
extension. For example, the dissociation con- 
stant for the riboflavin-caffeine compte as 
given by Yagi and IMatsuoka suggests that the 
Solubility of riboflavin in a 2 per cent solution o5 
caffeine would be approximateh’ six times tba.' 
in water alone. The present investigation was 
designed to test the anticipated riboflavin- 
solubilizing ability of caffeine, theophylline, and 
dimethyluracil and to gain additional information 
concerning the nature of the interactions. 


RESULTS 


Solubility Studies. — Solubilization throuRb ciuu 
plex formation is attributed to the formation of '• 
new .sjiecies in the solution phase which has a sola 
bility, independent of that of the parent compound 
In such a system, two simultaneous equilibria an 
operative. One involves the reversible transfer o 
solute from the solid phase to the solution phn.'' 
while the other is the reversible association of inter 
actants to form the complex. From this consider.i 
tion it can be sliown that in a sj-stem where a co'" 
plex of 1:1 stoichiometrj’ is formed, sohibilit! 
relationships can be described by 

S/S„ = 1 + (C/A') (Eq. 1 


where 5r, = solubility of solute in the alxscnce e 
complexing agent, .S = apparent .solubility of solnl 
in the presence of the complexing agent, C=inola 
concentration of complexing agent, and A' = dissoci:i 
tion constant of the complex. 

Kquation 1 assumes that activities of the specie 
can be represented by concentration terms and tin 
the activity of the solvent is not markedly aflecH'i 
by the presence of complex and/or coinple.viui 
agent. If the stoieliionietric concentration of com 
plexing agent is large compared to the conccntr.i 


^o\ulIber I'lOO 


bciCNi jnc ED^J^o^ 


linii of comple\, (lieu. Fq 1 c.iii l)c approMiiialcd 
b\ 

“?/'?»= 1 H (f-M) 2) 

wlitit Ci = st(iicb!<mi(.tiiL (.oiici-iitr Uioii of toinpkx 
mg agent 

Equition 2 tims proxides a graphical method foi 
the dctenninatioii of the dissociation constant 

Results of the solubilit\ studies ire slunin in Fig 
1 uhere the function 3 /So is plotted as a function 
of the concentration of compleviiig agent Definite 
interactions are indicated bi the results It can be 
seen, for example, that the solubilit j of nboflav in in a 
0 0927 M solution of caffeine m water exceeded that 
m water alone bj a factor of three Ko difference 
111 solubilizing action was found when 0 0S7 acetic 
acid was used m place of distilled water This sug- 
gests that the interaction was independent of pH, 
at least m the acid to neutral range 



0 2 4 0 8 10 12 H 

MOLAR CONCENTRATION OR SOI UBILIZRR X lo* 

Fig I — The solubihtj of riboflavin m solu 
lions of caffeine, theoph) lime, and dimethx luracil at 
30° O, Caffeine,, •, theophvlline, O, dimethv] 
uracil, ®, Caffeine at pH 4 2 


Marked dex lations from the expected linearitx of 
tins plot arc apparent in the case of caffeine and 
thcoplix lime The deviations are not unexpected 
in V lew of the reported iiomdcal bchav lor of caffeine 
^and theophx lime in aqueous solution (21) The 
dev lations are such that thev can be explained on 
, this basis In dilute solutions where the xanthines 
existed m esscntiall> monomeric form, dev lations 
from linearitv were small At higher concentrations, 

where dimeric and tetramenc species predominate, 
the deviations were correspoiidingh in irked U 
w as interesting to observ c that lincantv throughout a 
"Hie range of concentration held for dnncthv luraml 
This bchivior stronglv suggests that iii contrast to 
cafftinc and thcophvllme, dimcthvluraeil docs not 


bbU 

undergo marked self compicxmg m aqueous solu- 
tion Because of this, dimethv luracil might he a 
desirable agent for b isic studies of caffeine tv pe com 
plex formation 

Dissociation const Hits were calculated from the 
slopes of the curves of Fig 1 The initial straight 
hue portions of tlie curves representing caffeine and 
thcopliv lime were used for this purpose 1 he v alucs 
obtamed must be assumed to represent apparent 
dissociation constants which are valid onlv for 
comparativ e purposes The constants are tabulated 
111 Table 11 It is seen that the tendenev for com 
plex formation is greatest with caffeine and signifi 
cantlv smaller with dimethv luracil The constant 
calculated for the caffeine riboflav in complex is not 
III agreement with values determined bj previous 
workers, especiallv that of Weber The degree of 
complex formation indicated bj Weber’s studv was 
imic/i greater than that determined in the present 
iiix cstigalion This discrepanev motivated a fur 
tiler studv , esscntiallv an extension of Weber’s w ork, 
III attempt to explain the lack of agreement between 
experimental methods 


Table II — DissotiAiiov Coxsiaxts or Some 
Complexes of RinorLAvuN at 30° ±0 5° 


Comj>lexing Agent 

Djssocntion Con'stant Mole/I 

Caffeine 

34 5 X 10-^ 

Thcoph>lIme 

52 G X 10-’ 

Dimeth} luracil 

182 X 10-5 


Quenching of Fluorescence Studies — A common 
obserx’ation is quenching of fluorescence, a reduction 
m oral! elimination of the fluorescence of compounds, 
caused bv changes m temperature, solvent, phvsical 
state, or bv the presence of quenching agents The 
mechanism of action of the latter can be quite 
complex The quenching effect can be due to 
collisions between a quencher and the fluorescent 
species, or to a nonspecific transient interaction be 
tween them, or a combination of the two effects 
Altcrnativ civ , apparent quenching can result from a 
strong interaction w Inch results m the formation of a 
nonfluorcscent complex 

The marked quenching effect exhibited bv caffeine 
on the fluorescence of riboflavin in aqueous solutions 
IS illustrated in Fig 2 Here the mtensitj of fluores 
cence of a solution containing a riboflav m coiicen 
tration of 1 meg /ml is plotted versus the concen 
tration of caffeine m the solution It can be seen 
that at a caffeine concentration of 0 1 mole/L , for 
example, an approximate 90% decrease m fluores 
cence occurred Similar results were obtamed at 
riboflav in concentrations of 0 50 and 0 26 incg /ml 

If the observed quenching effect was due solelv to 
the formation of a nonfluorcscent complex of 1 1 
stoichiometrv , then, according to the treatment of 
Weber, it can be shown that 

lo/I = d + (Cafferac/A) (Eq 3) 

where /o = mtcnsitx' of fluorescence in the absence 
of caffeine, / = mtensitv of fluorescence in the 
presence of caffeine, caffeine = molar concentration 
of caffeine, and A = dissociation constant of the 
complex 

If the concentration of caffeine is large compared 



690 


Journal of the American Pharmaceutical Association 


A''ol 49, No II 



MOI AR concentration of CAFTFINF X 10" 

Tig 2 — The quenching of riboflavin fluorescence 
b\ caffeipe Ribofla\ in concentration = 1 meg / 
ml 


to that of the complex, Eq 3 can be approximated 
b\ 

/o// = 1 + (Caffeine, /A') (Eq 4) 

uhere Caffeine, = stoichiometric concentration of 
caffeine 

A plot of lo/Ticrsus (caffeine), pro\ ides the means 
to test the assumptions and to determine the dis 
sociation constant graphicalU The results Hith 
caffeine at three different concentrations of nboflax m 
are plotted m this manner in Fig 3 The lack of 
linearite of the experimental curxes and the different 
cure es obtained at the different concentrations of 
nboflae m indicate that quenching is not entirclj due 
to the formation of a nonfluorescent complex The 
upward cure ature of the lines strongle ouggests that 
other quenching mechanisms eeere also operative 
The dissociation constant of 14 6X10”^ mole/L 
calculated from the initial linear portion of the cure cs 
approximates that determined be Weber This 
agreement indicates the reproducibilite of the 
method but does not substantiate the ealidit} of 
the basic premises The quenching effects of theo 
phelline and dimetheluracil eeere also ineestigatcd 
and the results are summarized m Fig 4 eeherc a 
caffeine curee eeas also plotted for comparative 
purposes It eeill be noticed that this method failed 
to distinguish beteecen the complexing tendencies of 
caffeine and thcophe lime V definite difference was 
apparent from solubilitv experiments Although the 
curve for dimetlivluracil is linear, the disswiation 
constant calculated from this plot is onlv one fifth 
that obtained from solubilitv experiments In all 
cases the fluorescence studies indicated a much 
greater degree of complex formation than correspond- 



Fig 3 — The quenching of riboflavin fluorescence 
bj caffeine Riboflavun concentration O, 0 25 
meg /ml , © , 0 50 meg /ml , • , 1 00 meg /ml 



MOI AR CONCENTRATION OF QUENCHING AGFNT 
X 10 

Fig 4 — The quenching of riboflavin fluorescence 
bj caffeine, tlieophjlline, and dimethjluracil Ribo- 
flavin concentration = 1 meg /ml O, Caffeine, •, 
theophv lime , © . dimethj luracil 

ing solubilitj studies Complexing of nboflav m bj 
these agents undoubtedlv contributes m part to the 
overall degree of quenching, however, additional 
mechanisms must also be operative Similar oh 
servations were made bj Yagi and Matsuoka (17) on 
the phenol nboflav m sv stem 

DISCUSSION 

Some insight into the nature of the interaction be 
tween riboflavin and the three conipoimds studied 
can be obtained bj comparing complexing tend 
cncics The stabilities of the complexes formed w ith 
caffeine (I) and theophv lime (II) were found to be 
nianv times greater than that of diinethv hiracil 
(III) 
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The imidazole ring of the xanthine nucleus must- 
then be strongly involved in the interaction. This 
supports the suggestion of Harbury and Foley (19) 
that hydrogen bonding may not be the main inter- 
action component of isoalloxazine-xanthine com- 
plexes. The three compounds studied in this in- 
vestigation all contain the 1,3-diniethylpyriniidine- 
dione nucleus, a potential center for h 5 'drogen-bond 
fonnation. Nevertheless, tlie stability of the 
caffeine complex is approximately five times that of 
the dimcthyluracil product It is possible, however, 
that lo'drogen bonding prm-ides a primar.v linkage 
between the interactants and is reinforced by second- 
ary van der Waal interactions which involve other 
parts of the molecule Interpretations are equivocal 

however, in view of the limited data available 
It is interesting to compare caffeine with other 
compounds reported in the literature as solubilizers 
of riboflavin. The solubility of riboflavin in 0.1 M 
solutions of nicotinamide (1), vanillin (7), gallic 
acid (6), and acetamidine HCl (3) were interpolated 
from the data presented in the references to be 0 OCX 
I0-*,060XIO-^ 069X10“’, and 0 2oX10-’mole/ 
L., respectively In comparison, the solubility in a 
solution of caffeine of corresponding concentration 
"was 127X10“’ mole/L It seems quite probable 
that structural modifications of the xanthine nucleus 
might yield compounds capable of more pronounced 
solubilizing action by virtue of stronger complexing 
tendencies 


EXPERIMENTAL 

Materials. — Riboflavin was obtained from East- 
man. Caffeine and theophylline were U S P 
grade Dimethyluracil was synthesized according 
to the procedure of Davidson and Baudisch (22) 

Solubility Studies. — Ten-milligram quantities of 
riboflavin were w-eighed into a series of 25-ml glass- 
stoppered Erlenmeyer flasks Distilled water and /or 
a solution of the agent under investigation was 
added by buret to each flask to make a total volume 
of 20 ml The flasks were stoppered, placed in a 
constant temperature bath at 30±0 S°, and agitated 
for sixteen hours Agitation was stopped and the 
undissolved pow-der was permitted to settle An 
aliquot of each solution was removed and rapidly 
filtered with the aid of a Swinney filter adaptor at- 
tached to a syringe. One milliliter of the filtrate was 


diluted w'ith distilled water to 500 ml in a volumetric 
flask. Approximately 50 mi. of the solution was ex- 
tracted three times, each with 20 ml of chloroform. 
Preiiniiiiary cxperiiiients shoivcd tliat tliis method 
effected the desired extraction of caffeine and that 
riboflavin was not extracted from its aqueous solu- 
tion. The aqueous solution of riboflavin was then 
gently warmed on a water bath to remove any trace 
of cliloroform. Tliis precaution was necessary since 
chloroform was found to exert a slight quenching 
effect The concentration of riboflavin was then 
determined fluorimetricall}' with a Lumetron fluori- 
metcr. The instrument was adjusted to 100% in- 
tensitj' with a 1.5 incg./ml solution of riboflavin. A 
standard curve was obtained by using knoivii con- 
centrations of the vitamin This curve was used to 
deteriniiic the riboflavin content of all solutions 
Quenching of Fluorescence Studies. — A solution 
containing 50 meg /ml of riboflavin was prepared 
according to the directions of the “United States 
Pharmacopeia XV” (23) An aliquot of this was 
transferred to each of a series of lOO-ml volumetric 
flasks Distilled water and/or a solution of the 
agent under investigation was added by buret to each 
flask to make a total volume of 100 ml The fluores- 
cent intensity of each solution was then determined 
with a Lumetron fluorimeter 
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Antibacterial Activity of Essential Oil Vapors 

By JASPER C. MARUZZELLA and NICHOLAS A. SICURELLA 


Vapors of 133 essential oils were screened 
in vitro for antibacterial actitity against six 
test organisms One hundred and fi\e vapors 
were found to possess antibacterial activity on 
at least one of the test organisms Vapors of 
thyme (white), cassia, thyme (red), savory, 
cinnamon, origanum, and cherry laurel pro- 
duced prominent zones of inhibition with all 
test organisms Gram-positive bacteria were 
more susceptible to the tapors than Gram- 
negatue bacteria 

Ctudies on the action of essential oil vapors on 
anthrax spores ttere reported m 1887 bt 
Chamberlain (1) Subsequent in\ estigations b\ 
Greig Smith (2), Macht and Kunkel (3) IMorel 
and Rochaix (4 3) Schobl and Kusaina ((>) 
Coulthard (7), Reinlinger and Badly (8), and 
recently by Ryu (d) and Grubb (10) hayc clearly 
demonstrated that essential oil y apors possess 
antibacterial properties \ et the proper ey alua 
tion of these yolatile plant products on bacteria 
cannot be fully realized because of the diverse 
methods used by various investigators and the 
relativ eh small number of essential oil v apors 
tested This study was undertaken in an attempt 
to evaluate a large number of essential oil vapors 
against a variety of Gram positiy e and Gram 
negativ e bacttria 

MATERIALS AND METHODS 

3 apors of 133 essential oils were screened for aiiti- 
b icterial activity against the following test or 
gainsms Escherichia co'i (B strain) Slaplnlococcus 
<nireus{ -VTCC 10390), Bacillus siibtilis var atcrnmus 
( \TCC filOl), Streptococcus fccalts. Salmonella 
I'lphosa ( \TCC 10794), and Mycobacterium at turn 
i \TCC 4676) Twenty four hour cultures of these 
organisms were grown in nutrient agar and broth 
(Difco)at 37° except for 1/ a. non which was grown 
for seventy -two hours in o9f glycerol broth ard 
igar 

The detection of essential oil y apors for antibac 
terial actiyity was conducted in the following man 
ner Approximately 18 cc of melted agar were 
poured into Petri dishes and allowed to solidify 
To the surface of the agar was added 0 2 cc of b ic 
terial broth culture which was spread with a gl iss 
spreader with the aid of a turntable Pilter paper 
disks (6 35 mm diameter) were coniplctcly satii 
rated with the oil to be tested and placed in the 
center of the inner surface of the Petri dish cover 
Thus, when the dishes were inverted and incubated, 
the saturated disks w ere at a distance of <ibout 8 mm 
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from the surface growth of the organism Ml 
dishes were incubated at 37° for twenty four hours 
except those with M aitiiin, which were incubated 
for sev enty tw o hours The presence of i clear 
zone on the surface of the agar above the disk was 
indicative of antibacterial activity, and degree of 
activity was determined bv the size of the zone of 
inhibition The diameter of the zones of niliibitioii 
was measured to the nearest millimeter by means of i 
metric ruler with the aid of an illuminated Quebci. 
colony counter All plates were conducted iii 
quadruplicate with one disk per dish Eicli 
measurement therefore represents a mean value of 
four recordings While it is recognized that day to 
day fluctuations in the resistance of the test or 
gimsnis may have occurred, they arc not considered 
to affect the ov erall screening of the v apors igainst 
the bacteria appreciably 

RESULTS AND DISCUSSION 

\ apors of 133 essential oils were used in con 
ducting 784 tests on the six test organisms In this 
series of tests, the vapor showed antibacterial ic 
tivity in 179 (23%) cases Table I lists the essential 
oil vapors together with their zones of inhibition 
Of the 133 oil vapors tested, 71% were found to bt 
active against 717 atium, 19% against B snbtihs 
var ateriimns, 12% against 5 ft cal is ind (I'l 
iganist E coll Of the one hundred ind innttctii oil 
vapors screened against S aureus, 14% showed it 
tivitv Thus, 2/ aiium was the most susceptible 
organism while E colt was the most resist iiit 
Moreover, the Gram positive bacteri i were iiiort 
vulnerable to essential oil vapors thin the Grim 
negativ e 

Further inspection of the data reveals that the 
vapors of the following oils produced the I irgcst 
zones of inhibition on all test organisms tlivnit 


EABLE 1 — IxunilTORV VCTIVITV oi Essentiai Oil 
A APORS 


DiTTneter 

of Zones of 

Ininliition 

nim ^ 

Oils * 

S 

aurfHs 

B sttb 
Itlis 
\ ar 
aterr 
tmus 

s 

/ecah 

6 

s lyphosi 

M 

(11 lu m 

Abies alba (from 

0 

0' 

0 

0 

<)() 

needles) 

Ibtcs Sibinca 

0 

0 

0 

0 

67 

Amv ns 

0 

0 

0 

0 

4f) 

Angelica root 

0 

0 

0 

0 

51 

Angelica seed 

0 

0 

0 

(1 

2n 

Anise, U S P 

() 

9 

0 

(1 

54 

Basil, sweet 

0 

0 

0 

f) 

12 

Bay i\ r 

0 

0 

0 

0 

44 

Bergamot F 

0 

0 

0 

1) 

52 

Birch tar, recti 

0 

0 

1) 

0 

3f> 

fiefl 

Bois dc rose 

0 

(> 

f) 

19 

90 

Cade, rectified 

0 

0 

0 

0 

()4 

L S P 

Cajuput 

0 

0 

0 

0 

62 
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Diameter of Zones of Inhibition, 


s. 

Oilso aureus 

B. sub- 
tilis 
var. 
alerr- 
imus 

S. 

fecalis 

S. .U- 

t^t^hosa atfittm 

Cananga, recti- 

0 

0 

0 

0 

60 

tied 

Caraway 

,1 

0 

0 

0 

60 

Cardamom 

0 

0 

0 

0 

53 

Cascarilla 

0 

0 

0 

0 

32 

Cassia U. S. P. 

25 

22 

44 

19 

60 

Cedar leaf 


23 

0 

0 

70 

Cedar wood 

6 

29 

0 

0 

68 

Celery seed 

0 

0 

0 

0 

20 

Cheiiopodium 

(1 

0 

0 

0 

69 

N. F. 

Clierry laurel 

, . 

0 

90 

90 

90 

Cinnamon, Cey- 

28 

20 

31 

24 

54 

Ion 

Citronella, 

n 

54 

0 

0 

90 

Formosan 

Clove U. S. P. 

0 

0 

0 

oo 

43 

Clove leaf, recti- 

0 

0 

0 

"o 

31 

tied 

Cognac green 

0 

0 

0 

0 

64 

Copaiba 

0 

0 

0 

0 

30 

Coriander 

0 

9 

0 

21 

70 

U. S. P. 

Cubeh 

Q 

15 

0 

0 

60 

Cumin 


(1 

0 

0 

70 

Curacao peel 

'6 

0 

0 

0 

10 

Cypress 

(1 

0 

0 

0 

50 

Dill seed 

0 

0 

0 

0 

90 

Dill weed 


0 

0 

0 

67 

Erigeron 

'6 

0 

0 

0 

22 

Estragon 

0 

0 

0 

0 

25 

Eucalyptus, recti- 

0 

0 

17 

0 

62 

tied N. F. 

Fennel U. S. P. 

0 

0 

0 

0 

68 

Galbanum 

, . 

0 

0 

0 

33 

Garlic, imported 

e 

24 

0 

0 

90 

Geranium, 

'6 

0 

0 

0 

61 

Algerian 

Ginger 

0 

0 

0 

0 

22 

Gingergrass, 

0 

0 

0 

0 

57 

native 

Hemlock 

0 

0 

0 

0 

64 

Labdanum 


0 

0 

0 

22 

Laurel leaf 

'6 

0 

0 

0 

29 

Lavandin 

0 

0 

0 

0 

90 

Lavender U. S. P. 

0 

0 

0 

0 

82 

Lemongrass, 

33 

42 

29 

0 

90 

rectified 

Linaloe wood 

0 

0 

0 

12 

73 

Mace 

0 

0 

0 

0 

44 

Majoram, sweet 

0 

11 

0 

0 

68 

Melissa balm 

0 

0 

0 

0 

07 

(so-called) 

Mountain laurel 

0 

0 

0 

0 

36 

Myrtle (so-called) 

0 

0 

0 

0 

62 

Neroli, bigaradc 

0 

0 

0 

0 

60 

petaie, N. F. 

Nutmeg, East 

0 

0 

0 

0 

62 

Indian U. S. P. 

Nutmeg AVest 

0 

0 

0 

0 

24 

Indian U. S. P. 

Ocotea Cymbariiin 

0 

0 

0 

0 

27 

Olibanum 


0 

0 

0 

33 

Onion 


20 

0 

0 

90 

Orange, bitter 

6 

0 

0 

0 

21 

Origanum. 

18 

20 

17 

19 

39 

Origanum, recti- 

18 

22 

20 

22 

49 

fied water 


white 


Diameter of Zones of Inhibition, mm. * 


5. 

Oils® aureus 

B. sub- 
tilts 
var. 
oterr- 
tmus 

5. 5. 

fecalis lyphosa 

avtu\ 

Palmarosa 

0 

0 

0 

0 

46 

Patciiouly, Singa- 

0 

28 

0 

0 

60 

pore 

Pennyroyal, 


0 

0 

0 

65 

imported 

Pepper, black 

0 

0 

(1 

0 

46 

Peppermint, 

8 

17 

0 

0 

90 

natural 

Peppermint, 

10 

0 

0 

0 

03 

rectified 

U. S. P. 

Petitgrain, Para- 

0 

0 

0 

0 

05 

guay 

Pimenta (from 

0 

0 

0 

22 

43 

berries) 

Pimenta leaf 

0 

0 

0 

29 

38 

Rliodiuni 

0 

0 

0 

7 

71 

Rose, kazanlik. 

0 

0 

0 

0 

43 

U. S. P. 

Rosemarj’’, N. F. 


0 

0 

0 

25 

Rosemary, 


0 

0 

0 

63 

acetidatcd 

Rue 

0 

0 

0 

0 

90 

Rusci, rectified 

0 

0 

0 

0 

50 

Sage, Dalmatian 


16 

0 

0 

69 

Sage, Clary 

0 

0 

0 

0 

62 

Sandalwood 

0 

0 

0 

0 

25 

Sassafras N. F. 

0 

0 

0 

0 

37 

Savin 

0 

0 

0 

0 

72 

Savor>' select 

34 

24 

17 

17 

68 

Snakeroot, 

0 

0 

0 

0 

27 

Canada 

Spearmint, N. F. 


0 

0 

0 

54 

Spike lavender 

15 

0 

0 

0 

74 

Spike lavender. 

0 

0 

0 

0 

90 

acetylated 

Spruce 

0 

IS 

0 

0 

90 

Sweet birch, 

0 

0 

0 

0 

90 

northern 

U. S. P. 

Tansy 


0 

0 

0 

72 

Tar, rectified. 

0 

0 

0 

0 

68 

N. F. 

Thyme, red N. F. 

25 

28 

25 

25 

57 

Thyme, white 

26 

24 

20 

27 

51 

N. F. 

Ti-Tree, 

0 

0 

0 

0 

69 

Australian 

Turpentine, 

10 

0 

21 

18 

00 

rectified N. F. 
Valerian, Indian 

10 

10 

7 

0 

34 

Verbena 

10 

17 

() 

0 

90 

Vetiver, Haiti 

0 

0 

0 

0 

14 

Wintergreen, 

0 

0 

0 

0 

90 

northern 

U. S. P. 

Wormwood 


0 

0 

0 

06 

Ylang Ylang 

0 

0 

0 

0 

29 


« The essential oils were generously supplied by Magnus,, 
Mabee, and Reynard, Inc., New York, and Fritzsche 
Brothers, Inc., New York. 

The following essential oil vapors were active against 
E. colt: cassia U. S. P. (20 mm.), cherry laurel (90 mm.), 
cinnamon (Ceylon) (19 mm.}, eucalyptus, rectified N. F. (I/i 
mmO. oriS^^num (21 mm.), savory, select (20 mm.), thyme 
red N. F. (28 mm.), and thyme white N. F. (29 mm.). 

< Zone of inhibition absent, 

^ Not tested. 

' Reduced growth as compared to control with no definite 
zone of inhibition. 
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(white), cassia, tlnine (red), savory, cinnamon 
(Ceylon), origanum, and cherrj’ laurel 

The 28 oil vapors with no activity were Abies 
alba (from cones), amber, rectified, balsam Pern, 
calamus, camphor, sassafras, camphor, white, 
chamomile, German, dwarf pine needle, grapefruit, 
Florida expressed, guaiac wood, hops, jumper, 
twiee rectified, lemon, California coldpressed 
U S P , lemon, Italian handpressed U S P , lime, 
distilled, lime, expressed, lovage, mandarin, 
Italian, mxrrh, niaouh, opopanax, orange, Cali- 
fornia sweet, coldpressed U S P , orris root, 
Florentine, parsely seed, persic U S P , Pinus 
syheslns; stjrax, and tangerine. 

M4iy M avium should be so susceptible to essen- 
tial oil vapors is not known One possible explana- 
tion might be the fact that this organism was ex- 
posed to the vapors for a longer period of time 
(seventy-two hour incubation period) and hence 


greater susceptibility due to greater absorption of 
the vapors on to the agar. One might specuKite as 
to the possible mode of action involving a penetra- 
tion of the essential oil vapor into the cell b.nrricr 
disrupting the chemical organization (lipids) of the 
cell 
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Growth and Differentiation of Atropa belladonna L. 
as Affected by Different Sources of Nitrogen^ 

By L. J. SCHERMEISTERt, F. A. CRANE, and R. F. VOIGT 


Growth and morphology were compared on plants furnished six levels of nitrate and three of 
ammonia in water culture. The production of dry weight with ammonia was significantly greater 
than with nitrate. Ratios of shoot/root and leaf/stem indicated that use of the nitrogen was very 
different at low vs. high levels, particularly with ammonia nitrogen. 


ly/T-ANY LITERATURE reports relating the use of 
fertilizer combinations to alkaloid pro- 
duction in the solanaceous drug plants have led to 
a vague understanding of what the plant needs 
and how it is used In this study several differ- 
ent nitrogenous sources were furnished belladonna 
plants grown in nutrient solutions and the pat- 
terns of growth and maturation were observed 
and described 

Growth studies reported on the belladonna 
plant indicate that a nitrogen source furnished 
early enough in the vegetative growth period 
significantly increases plant production and 
stimulates alkaloid synthesis (1-7) They did 
not make clear the advantages of one form of 
nitrogen over another nor did they deal with the 
problem of availability of the nutrients to the 
plant from the various types of manures or soils 
in which the plants were grown The reference 

•Rc«t\ed September 25, 1959. from the Unnersit} of 
Illmots, College of Pharmaej , Chicago 12 

This paper is based on a thesis submitted to the Graduate 
College ol the Unnersit> ol Illinois in partial fulfillment of 
the requirements for the degree Doctor of Philosophj 

t Present address School of Pharmaej . North Dakota 
Agricultural College. Fargo 


of James (4) to the improper balance of fertilizer 
elements further points up the need for growing 
the plants in a controlled medium in wJiich pur- 
ified chemicals are the only nutrients available 
Since the belladonna plant is capable of sjmthe- 
sizing Its nitrogenous constituents from inorganic 
sources, plants were grown in nutrient solutions 
containing several concentrations of nitrate and 
ammonium salts Plants were grown through a 
standard growth period to a definite flowering 
stage, were han^ested, and representative sam- 
ples Were prepared for the various determinations 
reported later. During the growth periods 
measurements w'ere made that characterize the 
features of this plant as they were affected by 
nutrition Ratios of various plant parts to each 
other indicate the effect of nutritional change on 
morphology 

EXPERIMENTAL PROCEDURE 

Plants used in all experiments were germinated 
from good quality acid-scarified seed in a sand- 
vermiculite mixture maintained at 70° F. Ger- 
mination occurred within two to three weeks 
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i Following germination, tlie young seedlings were 
I transferred to a full nutrient solution (8) where they 
[ were prepared for the experimental treatments. 

Plants were grown in 3-gallon glazed crocks, 
\ / supported on specially designed masonite covers. 
if They were lightly fastened bs' plant ties to the wire 
I frame as their size required. 

Nutrient solutions were prepared from reagent 
grade chemicals and distilled ivater on a mg. equiv. 
per L. basis. The composition of nutrient solutions 
is shown in Table I. The levels of nitrogen were 
varied both above and below the level of the well- 
known Hoagland and Arnon solution (15 mg. equiv./ 
L.) which was considered a standard or control con- 
centration. A preliminary experiment had shown 
that belladonna plants could not tolerate ammonia 
as a sole nitrogen source in culture solution. There- 
fore, ammonia at three levels was supplemented bj' 
nitrate in a 1-4 ratio as shown in Table I. Dis- 
tilled ivater was added periodically to maintain 
volumes and the pH of solutions was adjusted to 5.8 
weekly with dilute hydrochloric acid. 


Table I. — Composition of Nutrient Solu- 
tions Used for Grooving Atropa belladonna L.“ 


All solutions contained 


Calcium 10 

Potassium 4 

Magnesium 4 


Iron (as citrate) 

1 per week 

Experimental solutions cont 


following ions mg. equiv./L. 


Phosphorus 1 

Sulfur 4 


Trace elements (H and 

A mixture) 

1 per week 

in addition to tiiose above 


k Nitrogen as Nitrate 5, 10, 15, 20, 25, 30 

'Nitrogen as ammonium and as nitrate 

1 and 4, 4 and 16, 6 and 24 


“ These nutrient solutions were prepared from Gm. equiv. 
stock solutions of the following salts, by adding 1.0 ml. of 
the stock solution for each mg. equiv, desired in the final 
solution to water, and made up to the desired volume. 
Calcium nitra' ‘ ' '■■■ i acid phosphate 

(Sorensen’s), chloride, ferric 

citrate (0.6%, without nitrate 

the corresponding chloride was used, since chloride has not 
been proved essential for plant growth. 


Measurements of shoot length, number of initiated 
and elongated leaves, flowering shoots, and lateral 
vegetative shoots were made weekly during the 
growth period. Plants were harvested at a selected 
stage, i. e., when 50% of the flower buds of the 
plants at a particular nitrogen level had opened. 
Fresh weights were taken at harvest on all plants. 
Representative samples were taken for the various 
nitrogen determinations and all other plants were 
dried (air dried for several days, then two hours at 
100°) for dry weights. Samples of the nutrient 
solutions were analyzed after harvesting to deter- 
mine actual uptake of nitrogen by the plants. 


EXPERIMENTAL RESULTS 

There was a regular progression of growth in- 
creases with increased nitrogen supply even to the 
maximum used (Fig. 1 and Table II). This would 
indicate that the plants might properly use nitrate 
or ammonia in the greater amount, though the drj’ 
weights of leaves and shoots (Table III) indicate 
that at the upper level of nitrogen supply less photo- 
synthetic products are accumulated, rendering 
nitrogen levels higher than that which was used 
undesirable. 

The regular progression of shoot elongation with 
time was of the same order of magnitude as the fresh 
weights of the plants at the time of harvest. In 
each case the NH3-NO3 plants were somewhat 
larger than those of the corresponding level of NOj. 

The number of leaves produced appeared to be 
independent of changes in the nitrogen supply, 
since growth involved production of leaves by 
apical meristems and the pattern of elongation 
which followed the leaf initiation was the phase that 
reflected the nutritional differences. However, 
branching and flowering (Table IV) were markedly 
influenced by the nitrogen source. At high nitrogen 
levels, particularly NH3-NO3, the number of 
branches produced and the number of flowers per 
branch were greatlj' increased (50 flowers vs. 20-30 
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Journal or the American pHARUtACEUTicAL Association 


Vol 4i), No. 11 


0V)0 


Tallin II — Fresh Weight of Separated Parts 
or Belladonna Plants" 


Solution 

Compobi 






tion mK 
equn of 

X L 

I eaf 

Stem 

Root Flow ers 

Total 

Plant 



Xitrate 



0 

20 5 

33 6 

26 8 

4 6 

85 5 

S D 

5 2 

12 8 

8 6 

3 3 

29 7 

10 

32 1 

43 0 

27 2 

5 9 

108 2 

S D 

14 3 

19 1 

9 0 

3 4 

39 2 

15 

39 G 

46 1 

33 1 

6 7 

125 5 

S D 

13 1 

18 G 

2 5 

4 4 

39 6 

20 

43 1 

46 2 

33 5 

7 6 

130 4 

S D 

10 9 

15 7 

9 9 

5 4 

41 4 

25 

48 0 

46 G 

33 5 

6 6 

134 7 

S D 

11 0 

IS 0 

14 1 

5 1 

46 1 

30 

.71 9 

48 0 

36 2 

5 7 

141 8 

S D 

15 0 

18 0 

18 6 

4 2 

53 1 



.\mmoni.i 

-Xitrate 



5 

19 0 

31 1 

30 1 

4 9 

85 1 

S D 

5 3 

12 1 

12 0 

2 4 

30 8 

20 

51 G 

55 8 

36 7 

9 1 

153 2 

S D 

13 8 

17 7 

10 5 

5 2 

43 9 

30 

57 S 

61 2 

40 1 

12 8 

171 9 

S D 

10 4 

13 6 

12 2 

5 5 

35 8 

'* Weights in Gm 

are mearibof 12 plants. 



Tahi.e hi 

Dry \\ eight of Separated Parts op 


Bni I ADONNA Plants" 



bulution 
Composi 
tion, mu 


ecpitv of 

nvl 

Leaf 

Stem 

Root 

Flowers 

Total 

Plant 


5 

3 44 

Xitrate 

5 84 3 

10 

0 88 

13 26 

.s 

D 

0 53 

0 50 

0 

25 

0 11 

0 45 


10 

4 20 

8 43 

3 

15 

1 30 

17 08 

s 

D 

1 39 

1 02 

0 

68 

0 30 

1 50 


15 

6 33 

8 43 

3 

57 

1 40 

19 73 

s 

D 

0 52 

1 03 

0 

36 

0 24 

1 45 


20 

7 32 

9 23 

3 

92 

1 58 

22 05 

s 

D 

0 81 

1 01 

0 

58 

0 42 

1 09 


25 

G 02 

8 11 

3 

37 

1 32 

18 82 

s 

D 

0 44 

2 72 

0 

63 

0 79 

4 05 


30 

6 4G 

7 96 

3 

65 

1 23 

19 30 

s. 

D. 

0 96 

0 47 

0. 

42 

0 22 

1.53 


5 

3 04 

-Vmmonia-Xitratc 
12 3 69 

1 00 

12.85 

s 

D 

0 7fi 

0 63 

0 

39 

0 20 

1 74 


20 

7.44 

10 46 

3 

98 

1 82 

23 70 

.s 

D 

0.49 

0 56 

0 

31 

0.38 

0 72 


30 

7.73 

11 40 

4 

27 

2.40 

25.80 

s 

D, 

0 61 

0 36 

0 

54 

0 64 

1..34 


** Weights in Gm. are means of 12 plants 


at lower nitrogen levels), reflecting the essential 
need for the constituents of protein in tlie synthesis 
of new tissues. Regular increase of fresh weight to 
the highest level of both nitrate and nitrate-ammonia 
treatments in all plant parts e>cept flowers, further 
indicates tlie high requirement of nitrogen for satis- 
factory plant synthesis. The reduced weight of 
flowers at high nitrate indicates that high nitrogen 
favors vegetative over reproductive growth. 

Dry weights varied between l'> and 20% of fresh 
weights (Tables II, III). At low XOj and NHj- 
XO; levels nutritional effects were similar on fresh 


and drv weight bases. At high NO 3 levels the dry 
weight of plant produced was substantially less than 
that comparable with the fresh weight, indicatinj; 
that high XO3 tends to produce a succulent plant 
To a lesser extent the same is true of the dry weight 
of XH3-NO3 grown plants DifTercnee in dry 
w'eights of roots between treatments were much 
less, in fact, the total difference between all treat- 
ments was slight, indicating that succulence is a 
condition of the overground parts 

Increases in per cent moisture content were 
manifested mainly in the leaves, w here the moisture 
content varied between 82 and 87%. Plants having 
low water content matured earlier than the more 
succulent plants 

The ratio of Icaf/stem (Table V) varied betwctii 
0 6 at low' nitrate and 1.0 at high nitrate levels 
The comparable ratios where NH3-XO3 were used 
were all lower, indicating that nitrate tends to 
stimulate leaf development while ammonium inn 
tends to stimulate stem development. The pattern 
of leaf /root ratios followed the same direction as 
Icaf/stem, but the magnitude was higher. At low 
nitrogen levels the plant symthesizes root in prefer- 
ence to leaf and stem tissue The ratio of leaf to 
the total plant was so uniform as to indicate the 
belladonna plant is most strikingly' responsive to 
nutritional treatments through its leaves Where 
plants were furnished adequate nitrogen, i e , 
10 mg equiv or more of either NOi or NH3-NO, 
the following decimal fractional parts constitute the 
belladonna plant; 


Fresh Weight Dry Weight 

Leaf 0 35 0 38 

Stem 0 35 0.40 

Flowers 0 05 0.f)4 

Root 0 25 0.18 


DISCUSSION 

The water culture method lends itself well to 
growth of the belladonna plant, where all nutritional 
vaiiables can be controlled and growth can be 
measured periodically without sacrificing the plants 

These plants grew well in the greenhouse under 
such conditions to full maturity, within a period of 
fifty-five days, without aeration of roots, which 
compares favorably with the growth cycle of field- 
grown plants They differed from field-grown 
plants mainly in that lateral branching occurred to a 
lesser degree By contrast, branching discussed 
in this work involved branches formed at the shoot 
apex as a result of floral initiation, and elongation of 
these branches became inflorescences. This type 
of branching also occurs with field-grown plants. 

After a short period of growth, uptake of ions by 
the plant c.aused the hydrogen ion concentration to 
change, for which adjustment to pH 5 8 was made 
weekly The drift was invariably toward the alka- ^ 
line range, due to preferential uptake of XO 3 
During periods of rapid growth and salt uptake the 
solution pH shifted as high as to pH 7.5; but most 
adjustments involved not more than 1 5 pH units. ^ 
Occasionally iron citr.ite was added in qu.antities 
greater than 1 ml. per week when incipient chlorosis 
indictited a need for iron. 

Grcwtli data were based on the means of 12 plants 
per treatment, allowing statistical support of diffir- 
ences w here applicable. 
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Table IV. — Number of Apical Branches and Flowers of Belladonna Plants” 


Solution 








Composition, 









of N/L. 

5 

10 

15 20 

25 

30 

5 20 

30 

Branches 

2 

2.8 

3.9 4.2 

3.5 

4.4 

2 4.7 

7.9 

Flowers 

16.0 

22.5 

24.0 30.0 

25.0 

28. 0 

18.0 35.0 

48.5 


" Numbers are means of 12 plants. 


Table Ratios (Fresh Weight) of Plant Parts of the Belladonna Plant 


Solution 

Composition, 










of N/L. 

5 

10 

15 

20 

25 

30 

5 

20 

30 

Lcaf/stem 

0.61 

0 76 

0,86 

0.96 

1.00 

1.01 

0.61 

0.96 

0.97 

Leaf /root 

0.77 

1.21 

1.21 

1.30 

1.47 

1.43 

0.62 

1.43 

1.48 

Leaf/total plant 

0.24 

0.29 

0.31 

0.34 

0.36 

0.36 

0.23 

0.33 

0.33 


Since NOj must be reduced to NHj and then to 
amino acids by amination within the plant tissue, 
it is to be expected that the NHs source would 
shorten the enzymatically controlled synthetic 
process. 

The number of expanded leaves increased only 
slightly with increased NOa, indicating that it is the 
function of the organized meristem to cut off leaf 
initials at a fairly uniform rate, and that nutritional 
variables exert a far more pronounced effect on the 
rate of elongation of the produced initial than on its 
rate of production. At high levels of NOa the 
normal floral initiation of shoot apex is curtailed 
and the vegetative condition is enhanced, thereby 
producing the well-known succulent condition in 
plants. The production of dry weight with NHa- 
NOa was significantly greater than that with NOa 
alone, indicating that increased water in tissue did 
not occur. This would be due to the fact that the 
tissue does not accumulate NHa in great excess over 
its metabolic needs as it does NO 3 . 

The ratio of leaf to root and stem to root under 
low nitrogen supply point to the larger root system 
developed under these conditions. Ammonia-NOa 
at adequate levels appears to stimulate stem de- 
velopment as indicated by leaf to stem and stem to 
root ratios. 

SUMMARY 

1. Belladonna plants tvere grown from seed to 
a selected stage of flower maturity for each of a 
series of nutritional treatments in water culture 
over a range of NO3 and NH3-NO3 sources with 
all of the other known essential elements present 
at a constant adequate level. 


2. Twelve plants were grown to a selected 
stage of flower maturity for each nutritional 
treatment which furnished sufficient experimental 
material to replicate satisfactorily all of the 
chemical tests that were performed. 

3. Growth tvas characterized by the effect of 
these variables on shoot length, fresh and dry 
weight of all plant parts, degree of branching, 
leaf initiation, flower formation, and the ratio of 
plant parts to each other. 

4. By most of the criteria observed, growth 
of the plant was better with the NH 3 -NO 3 source 
than with NO 3 alone. On the basis of dry 
weight produced, the most satisfactory growth 
was obtained from NO 3 at 20 mg, equiv. and 
from NH 3 -NO 3 at 30 mg. equiv. 

5. High levels of NO 3 tend to raise the tissue 
water level, producing a more succulent plant 
than that furnished NH3-NO3. Because of this 
variation the dry weight is a more reliable crite- 
rion for assessing growth changes. 

0. The root system was unusually large under 
low levels of nitrogen. 
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Nitrogenous Constituents of Atropa belladonna L, 
Grown on Different Sources of Externally Supplied 

Nitrogen^ 

By L. J. SCHERMEISTERt, F. A. CRANE, and R. F. VOIGT 

Nitrates, nitrites, ammonia, amides, amino acids, proteins, and alkaloids were deter- 
mined in plants under all treatments as previously described. At low nitrogen 
supply, belladonna synthesized alkaloids preferentially over protein. At high levels 
more protein and soluble nitrogenous compounds accumulated in tissue while the 
alkaloid le^el was relam ely low. There appeared to be no direct relation between 
alkaloid and protein 7-Aminobutyric acid may be a precursor to the belladonna 
alkaloids based on amounts of each present. 


TJlants grottn by methods explained in the 
preMous report (1) itere harvested and 
prepared for the determination of the various 
nitrogenous constituents mentioned below 
Samples uere taken that uould provide fresh 
and dry weights of each plant part, total nitro 
gen, nitrate, ammonia, amides, ammo acids both 
free and combined m protein, and alkaloids of 
the ^ arious parts 

PROCEDURE 

Samples for total nitrogen (Kjeldahl) were taken 
directh from fiesh tissue to avoid nitrogen loss on 
drMtig Tissues used for the determination of 
nitrate, nitrite, ammonia, and amides were frozen 
at —20° from the fresh plant at the time of harvest 
Samples used for ammo acid determination were 
placed in sufhcient 95% etlnl alcohol that with the 
water normallj present in the tissue resulted m a 
75% alcohol concentration If more alcohol was 
needed to co\er tissue, 75% alcohol was added 
The remaining tissue was dried for alkaloid deter- 
minations 

Ammonia, amide, nitrite, and nitrate fractions 
were determined by the method of Varner, Bulen, 
\ anecko, and Burrell (2) which separates these 
fraetions by a combination of Dowe\ resins and 
selectu e pH ranges This releases the fractions 
mdi\ idualh so that they can be distilled and titrated 
in a semimicroKjeldahl apparatus 

Free ammo acids and those combined in protein 
(after acid hydrolysis) yyere determined by paper 
chromatography made quantitatiye by Thompson 
and Steyyard (3) Washed and buffered (pH 7 0) 
sheets of Whatman No 1 filter papers yierc used, 
making reprodi'cibihty such that multiple deter- 
minations were neyer more than 5‘ c from each 
other 

Alkaloids yyere determined by the method of 
Brown. Kirch, and Webster (4) yyith the following 
yariations (a)a3-Gm rather than a 10-Gni sample 
yyas employed, (b) the material yyas extracted yyith 

• Recciied September 25 1950 from the Lniversity of 

Illmois CoIIece of Pharmacy Chicaco 12 

This paper is based on a thesis submitted to the Graduate 
ColleRC of the Unieersitj of Illinois in partial fuIfiUmcnt of 
the requirements for the decree Doctor of Philosophy 

t Present address Schosjl of Pharmacy, Nnah Datota 
Xcncultural Collepe. Fargo 


3 ml of stronger ammonia test solution U S P 
and 6 ml of ether, U S P , instead of 10 ml and 
20 ml , respcctiyrely , (c) the total extractnc was 
employ'ed in the chromatographic separation of the 
alkaloid, instead of a 10-ml aliquot, (d) the total 
alkaloids yvere titrated electrometrically to the end 
point of pH 6 5 instead of using the methy I red 
indicator 

Total nitrogen in each tissue yvas determined by 
the Kjeldahl method described m the U S P KIV 
(5), including the folloiving modifications (a) 

A 1-Gm sample of fresh tissue containing portions 
from e-xactly’ the same areas (apical, median, and 
basal) of the respective plant parts at the same stage 
of development yyere placed in the sulfuric acid 
digesting mixture and quantitatively transferred - 
into semimicroKyeldahl digestion flasks by rinsing 
yyith distilled yyater (b) The rinse yyater was 
eymporated to approximately 5 ml over a Bunsen 
burner After the digestion flask had cooled to 
room temperature, 0 5 ml of 30% hy drogen peroxide 
yyas added The sample yvas digested until the 
solution acquired a clear bluish green color (r) 
To absorb heat produced upon addition of sodium 
hydroxide, the digestion flask yvas immersed m a 
cold yyater bath (d) Fifteen milliliters of 10 A' 
sodium hy'droxide containing tivo drops of methyl 
red indicator yyas cautiously added, yyhile a few 
bubbles of steam yyere coming over from the genen- 
tor, insuring immediate mixing of the sulfuric acid 
and the sodium hy droxide W hen all of the sodium 
hydroxide had been added, distillation yyith steam 
yyas begun at once (e) Ten drops of the indicator 
used by Ala and Zuazaga (6) and 25 ml of 2% 
boric acid yy ere placed m the receiving flask 

The ammonia collected m the receiving flask was 
titrated according to the official U S P method and 
total nitrogen calculated 

RESULTS 

Nitrogenous Constituents 

Total Nitrogen. — The belladonna plant follows / 
the commonly reported pattern of absorhmg nitrogen 
(Tables I and II) from a source far in excess of its 
groyyth requirements The greatest absorption 
yyas in tissues furnished nitrate (23 mg nitrogen 
per Gm of fresh tissue), but since the XHi-N'Oj 
pi lilts greyy more vigorously , the amount of nitrogen 
per total plant exceeded that of the plants furnished 
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Table I. — Total Nitrogen of Belladonna Plants (Kjeldahl)'' 



5 

10 

-Nitrate 

15 

20 

25 

30 

5 

•Ammonia-Nitr 

20 

ate — 

30 

Leaf 

3.98 

4.16 

4.40 

5.63 

6.60 

5.50 

3.10 

4.67 

5.77 

Stem 

1.37 

2.10 

2.14 

2.58 

3.14 

3.02 

0.92 

3.17 

3.56 

Root 

1.72 

2.43 

2.48 

2.75 

3.10 

3.32 

1.67 

2.66 

2.73 

Flowers 

5,40 

6.75 

7.06 

7.26 

8.00 

10.10 

5.34 

7,05 

6.77 


® FiRiires are mg. total nitrogeo/Gm. of tissue, fresh weight. 


Table II. — Absolute Amounts of Total Nitrogen” 



5 

10 

Nitj 

15 

rate 

20 

25 

30 

. An 

50 

nmonia-Nitr 

20 

ate — ' 

30 

Leaf 

81.0 

133.2 

174.2 

243.0 

316.8 

285.4 

58.9 

241.0 

335.7 

Stem 

46.0 

90.3 

98.7 

119.2 

146,3 

144.9 

28.6 

176.9 

217.8 

Root 

46.1 

66.1 

82,1 

92.2 

103.8 

120.0 

47.3 

99.1 

109.5 

Flower 

24.8 

39.8 

47.3 

55.1 

52.8 

57.6 

26.2 

64.6 

87.1 

Total plant 

197.9 

329.4 

402.3 

509.5 

619.7 

607.9 

161.0 

581.6 

760.1 


Figures are mg. total nitrogen per plant part. 


Table III. — Nitrate, Nitrite, Ammonia, and Amide Nitrogen op Belladonna Plants as Affected 
BY Various Concentrations of Nitrogen After Growth in Water Culture for Fifty-five Days” 


Soln. Compn., 

mg. Equiv. > — — ■ — 'Nitrate , .- — Ammonia-Nitrate 


Nitrogen/L. 


S 

10 

15 

20 

25 

30 

5 

20 

30 

Nitrate determined in 

Leaf 

0.031 

0.030 

0.042 

0.071 

0.195 

0.274 

0.031 

0.050 

0.064 

tissue 

Stem 

0.030 

0.050 

0.166 

0.280 

0.257 

0.267 

0.032 

0.121 

0.055 


Root 

0.030 

0.045 

0.050 

0.077 

0.152 

0.162 

0.032 

0.04S 

0.062 

Nitrite determined in tissue Leaf 











Stem 









0.03 


Root 









0.03 

Ammonia determined in 

Leaf 




oiois 

0.016 

o.ois 


o!6i3 

0.018 

tissue 

Stem 


0.063 

0.073 

0.124 

0.182 

0.184 


0.184 

0.218 


Root 




0.020 

0.025 

0.030 


0.023 

0.025 

Amide determined in tissue 

Leaf 

o'. 6k 

o!659 

o^oei 

0.070 

0.071 

0.064 

0^041 

0,070 

0.080 


Stem 

0,034 

0.122 

0.176 

0.284 

0.315 

0.410 

0.046 

0.311 

0.382 


Root 

0.036 

0.026 

0.039 

0.050 

0.062 

0.090 

0.029 

0.028 

0.032 


“ Nitrogen, mg./Gra. fresh weight. 


nitrate alone. Flower tissue contained the highest 
concentration of total nitrogen on a "pei Gm. of 
tissue” basis but the amount of tissue was small. 

Nitrate and Ammonia-Nitrate. — These were ab- 
sorbed from solutions by tlie plants at all levels 
(Table III). At the lower levels of nitrate and at 
all levels of NH3-NO3 the order of absorption in- 
dicates its direct use without accumulation in the 
tissue. At higher NO3 levels there was clear evi- 
dence of accumulation in the tissue far beyond 
the ability of the plant to metabolize it. 

Nitrite. — Although nitrites in relatively small 
concentrations are considered toxic and do not 
generally accumulate in plants, detectable amounts 
(0.03 mg./Gm.) did occur in stem and root tissues 
of belladonna at 30 mg./equiv, of NH 3 -NO 3 . This 
can be interpreted as an inability of the plant to 
convert readily all the available nitrate into am- 
monia via nitrite because of the concentration of 
ammonia already present in these tissues. 

Ammonia Nitrogen. — Detected chiefly in steins at 
the higher levels of nitrate and especially NH3-NO3 
supply, this indicates that ammonium is commonly 
utilized in tissue so rapidly that it is detected only in 
the area of translocation. 

Amides. — Like ammonia, these are metabolized 
quickly in leaf and root and are present in an 
appreciable quantity in stem. The presence of the 


major amides was detected along with the amino 
adds, chromatographically. 

Amino Acids and Amides. — Those present in the 
alcohol-soluble fraction (free amino acids) (Tables 
IV, V. and VI) include cysteic acid, aspartic acid, 
glutamic acid, serine, glycine, asparagine, threonine, 
alanine, glutamine, proline, valine, the leucines, and 
7 -aminobutyric acid. Associated with increasing 
nitrate supply are greatly increased amounts of 
aspartic acid, glutamic acid, glutamine, and proline. 
Plants grown at tlie higher NH3-NO3 levels con- 
tained 50% more soluble nitrogen in the leaf (Table 
IV) than the corresponding NO 3 examples, the 
difference being made up of larger quantities of 
glutamic acid, glutamine, proline, and the presence 
of significant quantities of asparagine that were not 
present in the nitrate grown plants. 

It is noteworthy that glutamine as a storage form 
of nitrogen increased up to 25 mg, equivalents of 
NO3. Above this level a greater proportion of the 
nitrogen was converted into protein. 

Asparagine, which accumulated at the upper 
levels of ammonium was not present at any level of 
nitrate supply. This bears out the idea of Steward 
and Preston (7) that glutamine is intimately associ- 
ated with nitrogen synthesis and asparagine is 
associated with protein hydrolysis in the tissue. 

It is surprising that a closed ring heterocyclic 


Nitrogenous Constituents of Airopa belladonna L 
Grown on Different Sources of Externally Supplied 

Nitrogen* 

Hy L. J. SCIlI.-RMriSTIiRt. t. A. CRANi;, and R. F. VOIGT 


iViiralcs, nitrites, .ninninnin, amides, amino acids, proteins, and allialoids ss'crc deter- 
mined in plants ntnler all treatments ns presioitsly dcscriltcil. At loss- nitroften 
supply, Itellailonna ssntltcsircd alkaltiitls preferentially tiscr protein. At hiftli levels 
tnore protein and soliiMe tiitropenoiis compounds acciimitlated in tissue svhilc the 
alkaloid level svas relatively low. There ajvpeared to he nt) direct relation hetween 
alkaloid and protein. -,-Aminolntt>ric acid may he a precursor to the belladonna 
alkaloiils based on amoiiiiis of each present. 


Pl.ANrs urovvn bv iiietluaK evplailicii in the 
|ireviiiiis reporl ll) were harvested aiiil 
prepared for the deteriniiiatinti of tlie various 
nilro;;enoits constituents nieiitioned below 
Samples were taken that wotild provide fre-h 
and dry weights of each plant part, totiil nitro 
Ken. nitrate, ininnonia, amides, amino acids both 
free and eombmetl in protein, and alkaloiils of 
the v.irions parts 


PKOCKlMJKi: 

S.imples for total mtroKeti (Kjeld.ihll were t.ikeii 
directlv from fiesli tissue to avoid mtroKen toss on 
dryinc Tissues used for the deteimin.itiott of 
nitrate, nitrite, .immom.i. and .imidts vverefro/eii 
at — ',ht° from the fresh ])l,nU at the lime of harvest 
Samples used for ammo .leid delermiie.ilion were 
jtlaeed in Millieient ti.'i' J ethyl alcohol that with ilie 
water normally present in the tissue resulted in a 
7.a' J alcohol eoneentration If more aleoliol vv.is 
needed to cover tissue, T.'i' .dcohol was .idded 
The remaiiiiiiK tissue was dried for alkaloid deter- 
minations 

.Ammonia, amide, nitrite, .mil nitrate fr.ielions 
were determined by the method of Wirner, Itulin, 
A’aneeko, and Ihirrell (2) which sep.irates tliese 
fractions by a eombinatioii of Dovvev resins and 
selective pi I raiiKes This releases the fr.ielions 
individnally so that they can be distilled and titr.ited 
in a seminiicroTjeldahl aiiparatns. 

Tree amino acids and those combined in protein 
(tiftcr acid hydrolysis) were determined by iia()er 
chromatoKraphy made rinantitative by Thom|isoii 
and Steward (d). Washed and bnfTered (pll 7.0) 
sheets of Whatman Xo. 1 filter patters were used. 
makiiiK reprodneibility such that multiple deter- 
minations were never more than .a*',' from e-acli 
other. 

Alkaloids were determined by the method of 
Itrowii, Kirch, and Webster (-1) with the fiiltowiii); 
variations: (n) a li-Gin. rather than a lO-C.m. sample 
was cmiiloyed; (/)) the material was extracted with 

• Ueccivaai ScptflnlisT la.MI, frnni tlic University iif 
Illinois, Cnllece of Pliurnmcy, Chicago IK, 

'rlli.s paper is Imseil on a thesis snhinitteil to the Ctrailnate 
ColleKe ot tile University of Illinois in iiartial fnirillinelll of 
the reiinireinents for the ilesrec Doctor of Philosophy. 

t Present nihlress: School of l'l'nra>l>e,v, North Dakota 
AKricnltnrnl CoIIckc, Itarso. 


.'1 ml of stroriK'-r .attiinoni.t te.t solution k'. S P. 
.util ti ml of i ther, I'. S I’.. insle:id of 10 ml. and 
!.’•) ml. tr ,11' etiv al) ; fr> the total extractive was 
1 iiiiil'iyeil in Ih" ehro:n,itoKraiihic seli.aratioa of the 
.tlk.dotfl, iiistf.id of .1 Pl.ml. alirinot; ft/) the tnt.al 
.ilk.doid' were tilr.ili d clietrotnctric illy to the end 
(loiiit of pII fi iiiste.td of tisitiK the tnetltyl red 
indie.ilor 

Tot.il nitr.i/,i ti in e.teh tissue was deterntiiaxl by 
the KjiM till melhoi! ilt-erihed in the f, S P. XIV 
(.'■I. inelndim; the fidlowiiiK nnalificatioac (c) 

.\ l•(■.m •,im|)h- Ilf fresh tissue eont.thiinK [vjtlions 
from ev,irily the s,ime iire.ts (apical, ineili.an. and 
tiis.diof the re.ina-tive pkint iiirt.s :tt the satneslagc 
of development were pkiced in the snifiiric acid 
iliKistiiiK mixture am! t|ti;tnlit.itively truiufencd - 
into seinimicroK jehkilil iliKestioii Ikisks by rinsin.c 
with ilisttllei! Water ((■) The rinse water vvas 
ev.itior.iieil to apjiroxim.itely ml, over a liunscn 
btirner, .After the diKe>tion fi.isk had cntdetl to 
room temper. itiire, o,.’ ml, of dO' ; livilri’iten pcmxidc 
was .iilded The sam[)!e vv.is iliRested until the 
soliuion acrinired ;i eh.ir bluish Rreeii cohir. (f) 
To .disorb he.it prodneed niton addition of smlimn 
hydroxide, the iliKi-stioti fi.isk was inimersetl in a 
cold w.iter b.itli. (i/l l-ifteeii milliliters of 10 
stKiiein hydroxide eont.aittiiiK two drops of methyl 
red indie.itor was etmtiimsly added, while a few 
linblih-s Ilf sle.iin were eomiiiK over from the Kcncra- 
tor, iiisiiritiK iniinedi;ite mixiiiK of the sulfuric acid 
and the sodinni hydroxide. When all of the sixliura 
hyilroxide h;id been addetl, liistillation with steam 
vvas lieKUn at once, (r) Ten drops of the indicator 
used by Ma and ZnaraRa ((!) and D.'t ml. of ^Tr 
boric aciil were placeil in the receiviiiK flask. 

The amnionia collecteil in the receiving fl.isk vvas 
titrateil according to the ofiicial I’. S. P. method and 
total nitrogen calcnlateil. 


RPSULTS 


Nitrogenous Constituents 

Totnl Nitrogen. — The belladonna plant follows 
thecoimnoiily reported patteni of absorbing nitrogen 
(Tattles 1 and II) from a source far in c-\ccss of its 
growth requirements. The greatest absorption 
was ill ti.ssnes furnished nitrate (23 mg. nitrogen 
per Cm. of fresh tissue), lint since the XHs-XOj 
plants grew more vigorously, the amount of nitrogen 
per total plant exceeded that of the plants furnished 
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Table I. — Total Nitrogen of Belladonna Plants (Kjeldahl)" 


Leaf 

Stem 

Root 

Flowers 


3 98 
1 37 
1.72 
5 40 


-Nitrate- 


10 

15 

20 

25 

4 15 

4 40 

5 63 

6 60 

2 10 

2 14 

2 58 

3 14 

2 43 

2 48 

2 75 

3 10 

6 76 

7 06 

7 26 

8 00 


-Ammonia Nitrate- 


30 

5 

20 

30 

5 50 

3 10 

4 67 

5 77 

3 02 

0 92 

3 17 

3 56 

3 32 

1 57 

2 66 

2 73 

10 10 

5 34 

7 05 

6 77 


“ FiRures arc mg total nitrogen/Gm of tissue, fresh weight 


Table II — Absolute Amounts of Total Nitrogen" 


•Nitrate % « Ammonia Nitrate- 



5 


10 

15 


20 


25 


30 


50 

20 


30 

Leaf 

81 

0 

133 2 

174 

2 

243 

0 

316 

8 

285 

4 

58.9 

241 

0 

335 7 

Stem 

46 

0 

90 3 

98 

7 

119 

2 

146 

3 

144 

9 

2S 6 

176 

9 

217 8 

Root 

46 

1 

66 1 

82 

1 

92 

2 

103 

8 

120 

0 

47 3 

99 

1 

109 5 

Flower 

24 

8 

39 8 

47 

3 

55 

1 

52 

8 

57 

6 

26 2 

64 

6 

87 1 

Total plant 

197 

9 

329 4 

402 

3 

509 

5 

619 

7 

607 

9 

161 0 

581 

6 

750 1 


® Figures are mg total nitrogen per plant part 


Table III — Nitrate, Nitrite, Ammonia, and Amide Nitrogen of Belladonna Plants as Affected 
BY Various Concentrations of Nitrogen After Growth in Water Culture for Fifty-five Days" 


Sola Compa , 











mg Equt\» 




•Nitrate — 



, 

— Ammonia Nitrate — ^ 

Nitrogen/L 


5 

10 

15 

20 

25 

30 

5 

20 

30 

Nitrate determined 

in Leaf 

0 031 

0 030 

0 042 

0 071 

0 195 

0 274 

0 031 

0 050 

0 064 

tissue 

Stem 

0 030 

0 050 

0 166 

0 280 

0 257 

0 267 

0 032 

0 121 

0 055 


Root 

0.030 

0 045 

0 050 

0 077 

0 152 

0 162 

0 032 

0 048 

0 062 

Nitrite determined in tissue Leaf 











Stem 









0 03 


Root 









0 03 

' Ammonia determined 

in Leaf 




0 015 

0 016 

0 018 


0 013 

0 018 

, tissue 

Stem 


0 063 

0 073 

0 124 

0 182 

0 184 


0 184 

0 218 


Root 




0 020 

0 025 

0 030 


0 023 

0 025 

Amide determined in tissue Leaf 

0 034 

0 059 

0 061 

0 070 

0 071 

0 064 

0 041 

0 070 

0 080 


Stem 

0 034 

0 122 

0 176 

0 284 

0 315 

0 410 

0 046 

0 311 

0 382 


Root 

0 036 

0 026 

0 039 

0 050 

0 062 

0 090 

0 029 

0 028 

0 032 


“ Nitrogen, mg /Gm fresh weight 


nitrate alone Flower tissue contained the highest 
concentration of total nitrogen on a "per Gm of 
tissue” basis but the amount of tissue teas small 
Nitrate and Ammonia-Nitrate. — These were ab- 
sorbed from solutions by the plants at all levels 
(Table III) At the lower levels of nitrate and at 
all levels of NH3-NO3 the order of absorption in- 
dicates its direct use without accumulation in the 
tissue At higher NO 3 levels there was clear evi- 
dence of accumulation m the tissue far beyond 
the ability of the plant to metabolize it 
Nitrite. — Although nitrites in relatively small 
concentrations are considered to\ic and do not 
generally accumulate in plants, detectable amounts 
(0 03 mg /Gm ) did occur m stem and root tissues 
of belladonna at 30 mg /equiv of NH3-NO3 This 
can be interpreted as an inability of the plant to 
convert readily all the available nitrate into am- 
\ / monia via nitrite because of the concentration of 
1 ammonia already present in these tissues 
; \ Ammonia Nitrogen. — Detected chiefly in stems at 

^ \ the higlicr levels of nitrate and especially NH3-NO3 
supply, this indicates that ammonium is commonly 
utilized in tissue so rapidly that it is detected only in 
thearca of translocation. 

Amides. — Like ammonia, these are metabolized 
quickly in leaf and root and are present in an 
appreciable quantitj* in stem The presence of the 


major amides was detected along with the ammo 
acids, chromatographically 
Amino Acids and Amides.— Tliose present m the 
alcohol-soluble fraction (free ammo acids) (Tables 
IV, V, and VI) include cjsteic acid, aspartic acid, 
glutamic acid, serine, glycine, asparagine, threonine, 
alanine, glutamine, proline, valine, the leucines, and 
7 -aminobutync acid Associated with increasing 
nitrate supply are greatly increased amounts of 
aspartic acid, glutamic acid, glutamine, and proline 
Plants grown at the higher NH3-NO3 levels con- 
tained 50% more soluble nitrogen in the leaf (Table 
IV) than the corresponding NOj examples, the 
difference being made up of larger quantities of 
glutamic acid, glutamine, prolme, and the presence 
of significant quantities of asp.'iragine that were not 
present in the nitrate growm plants 

It IS notew orthj that glutamine as a storage form 
of nitrogen increased up to 25 ing equivalents of 
NOs Above this level a greater proportion of the 
nitrogen was converted into protein 

Asparagine, which accumulated at the upper 
levels of ammonium was not present at anv level of 
nitrate supply This bears out the idea of Steward 
and Preston (7) that glutamine is intimately associ- 
ated with nitrogen synthesis and asparagine is 
associated with protein hydrolysis in the tissue 
It is surprising that a closed ring hetcrocvclic 




Nitrogenous Constituents of Alropa belladonna L 
Grown on Different Sources of Externally Supplied 

Nitrogen* 


Hy L.j. SCUI;RiMI;I.STI:R 1. r, A. CRANi:, and R. F. VOIGT 


Nitrates, nitrites, ninnionia, amides, amino acids, proteins, and nlltaloids ss-crc dctcr- 
tnined in plants imiler all treatments as prcsionsly dcscrilicd. At loss- nitrojtcn 
MippI)-, Iselladonna sj ntliesi/ed alkaloids preferentially oscr protein. At fiipli Icscis 
more protein and stdnlile nitroytenims compounds acciiimdatetl in tissue ss-liilc the 
alkaloid Icsel ss-as relatively loss-. Tlicre appeared to lie no ilircct relation lictss-ccn 
alkaloid and protein. -,-Aminid>iit)ric aciil may lie a preenrsor to llic belladonna 
alkaloids based on aniotints of each present. 


"Pl.ANTS y;rosvii by iilelliii(K cvplailled itt tin- 
jireviotis reporl <1) svers- barve-ts-d and 
prepared for llii- dt-li-rininatinii of tlii- varioii-. 
nilroyetioiis cotistilin-iUs iiii-tiltom-d bi-losv 
Saniples were taken tliat svoiild provide fte-.h 
:ind dry wei'.;lits of eaeli plant part, total tiitro- 
t^en. nitrate, aininoiiia, amides, ainitlo tteids b<itli 
free smtl eoinbined iti protein, and alkaloitls of 
the varimis parts 

pkoc:i:i)i;ki: 

S.imiiles for tot.il nitroKen ( K jeldald.t sss-re t.da-n 
directly from fiesli tissue to avoiil nitro;;eii lo.s on 
dryint: Tissues nsed lor tlie deteimiiiatioii of 

nitrate, nitrite, amnioni.i, .ind amides sserelro/eii 
at from the fresh plant at the time of harvest 

Samiiles Used for amino acid determination svere 
placed in snflieient llo' , ethyl aleolad th.it ssith the 
svater normally present in the tissue resulted in a 
7i)' 'i alcohol conee-ntr.itioii If more alcohol ssas 
needed to cover tissue, T.a ' , alcohol svas addeil. 
The remaininc tissue svas dried for alkaloid deter- 
minations 

Ammonia, amide, nitrite, and nitr.ite fractions 
svere determined by the method of \'.irner. Itnlen. 
\'anecko, and flnrrell (tl) which separates these 
fractions by a combination of Dosses rt-sins anil 
selective pll raiiKs-s This releass-s the fractions 
individnally so that they can be distilled -ind titrated 
in a scmimicroKjeldahl apparatus. 

I'ree amino acids and those- combined in iirote-in 
(after acid hydrolysis) svere determined by iiaper 
chromatOKra|ihy made qn.-intitatis-e by Thompson 
and Stesvard (.'t). Washed and bnlTercd (pH 7.11) 
sheets of Whatman Xo. 1 filter paiiers svere nsed, 
inakiiiK reproducibility such tint miiltiiilc deter- 
minations svere never more than o'’,' from each 
other. 

Alkaloids were determined by the method of 
Dross-n, Kirch, and Webster (-1) ssith the follossiiiK 
variations: (n) a .'i-Gni. rather than a Ill-Gni. .sample 
svas employed; (h) the material ss-as extracted ssith 

* Ul-ccis-ctl Ss*ptt*inl)cr lO.-ilt, from tlic llnivt-r.sily of 
tllinois, Colli-Rc of IMmrmncy, CliicoRo 12. 

'rliis paper is liaseil on a lliesis sntaailted to tin- Oratlitnle 
Coik-Re of file llniversity of Illinois in partial fnifilllneiil i»f 
the reipiireinents for the ik-Rree Doctor of Philosophy. 

■f Present nihlress; School of J’|mrntpc,s-, North Dakota 
ARricnltnral CoIIcrc, FarRO. 


.'! ml of - tronyer ammonia te.t solution k". S. I 
.Old ml of eiher. I" .S I’., iiistc.id of b) ml. anc 
"It ml, re p' etivi ly ; (r) the total e.xtractis-c sva! 
imid-iyed in tip- ehrotu.itoyr.iphie se[).ir.-iti'in of tin 
alkaloid, in .te.id of a Pt.ml. alirpiot; (d) the tnta 
.ilk.doid-. s-.err tilr.ited elretrometric illy to the cm 
li-iint of pH li iiiste.id of Usin;; the methyl red 
tndie.itor 

Tol.il nilro;;in in e.ich tissue ssas detennined lis 
the Kjehl.dil mttlp“l described in the 1‘. S I’. XIV 
(.'ii. tnelmliin; the follossim; moslifications: (a, 
A l-(‘*m sample of fresh tissue containin,!; portions 
from evaetly the •..one are.is (a|>ic-al, meilian. and 
b i-al I of the respective plant p irts :it the sarnestase 
of developtnent ssi-re pi. iced in the sulfuric acid 
dit;estinf: mivture and i|tiantitatively transferred 
into semimicroK jeld.dd digestion Ikisks by rinsmj 
ssith distilhd ss.iter. (!•) The rinse svater "'a; 
ev.nior.ited to ;ipi>ro\iin.itely ."i ml. over a Ilunscr 
btirner .-Vfter the iliyesiion tkisk had cooled tt 
room tetniieraturc, 11..') ml. of .'hi' ,' hstlroftcn pcri'-xidf 
ss.is .iilded. The sample svas ilifiestcd tmtil the 
soltilion acf|uired a ele.tr lilni'h yreen color, (r. 
To absorb heat priKliieed ti|ion addition of .sodlina 
liydroviile. the diKc'tion tkisk ssas iintnersctl in a 
cold ssater bath (i/l I-'ifleen milliliters of Id A 
s->dii-m hytlroxide eont.ilniriK tsvo drops of nicthy 
red indie.itor ssas i-.intiously tidded. sshilc a fei' 
bitbbhs of sie.im svere cotninK over from the genera- 
tor. insuring immetliate mixing of the sulfuric acid 
and thesinlinm liyilroxitle. When till of thesosliuni 
hydroxide hail been added, distillation ssith steam 
svas begun at once, (c) Ten drops of the indicatei 
uss-d by M:i and Znartiga ((>) and 2o ml. of STr 
boric acid svere iilaced in the recei\-ing flask. 

The ammonia collccteil in the receiving flask ssa; 
titrateil according to the nflicial U. S. P. method and 
total nitrogen calculated. 

RKSULTS 

Nirrogenous Constituents 

Total Nitrogen. — The belladonna plant follosv; 
the commonly reported pattern of absorbing nitrogen 
(Tables I and II) from a source far in e-xcess of its 
growth requirements. The greatest ab.sorption 
ss-as in tissni's furnished nitrate (23 mg. nitrogen 
per Gm. of fresh tissue), but since the XHj-NOt 
plants gresv more x-igorousis-. the amount of nitrogen 
per total plant exceeded that of the plants funiishcd 
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Table I ■ — Total Nitrogen or Belladonna Plants (Kjbldahl)" 



5 

10 

Nitrate 

15 

20 

25 

30 

5 

■Ammonia Nitr 
20 

ate 

30 

Leaf 

3 98 

4 15 

4 40 

5 63 

6 60 

5 50 

3 10 

4 67 

6 77 

Stem 

1.37 

2 10 

2 14 

2 58 

3 14 

3 02 

0 92 

3 17 

3 56 

Root 

1.72 

2 43 

2 48 

2 75 

3 10 

3 32 

1 57 

2 66 

2 73 

Flow'ers 

5.40 

6 75 

7 06 

7 26 

8 00 

10 10 

5 34 

7 05 

6 77 


® Figures are rag total mtrogen/Gm of tissue, fresh weight 


Table II — Absolute Amounts or Total Nitrogen" 



, 


Kill 

rate 



/ An 

ninoma Nitr 

ate — % 


5 

10 

15 

20 

25 

30 

50 

20 

30 

Leaf 

81 0 

133 2 

174 2 

243 0 

316 8 

285 4 

58.9 

241 0 

335 7 

Stem 

46 0 

90 3 

98 7 

119 2 

146 3 

144 9 

28 6 

176 9 

217 8 

Root 

46 1 

66 1 

82 1 

92 2 

103 8 

120 0 

47 3 

99 1 

109 5 

Flow er 

24 8 

39 8 

47 3 

55 1 

52 8 

57 6 

26 2 

64 6 

87 1 

Total plant 

197 9 

329 4 

402 3 

509 5 

619 7 

607 9 

161 0 

581 6 

750 1 


® Figures are mg total nitrogen per plant part 


Table III — Nitrate, Nitrite, Ammonia, and Amide Nitrogen of Belladonna Plants as Affected 
BV Various Concentrations of Nitrogen After Growth in U^ater Culture for Fifty-five Days" 


Soln Compn , 

mg Eqmv — ——Nitrate— — ■ — — ^ Ammonia Nitrate 


Nitrogeu/L 


5 

10 

15 

20 

25 

30 

5 

20 

30 

Nitrate determined 

in Leaf 

0 031 

0 030 

0 042 

0 071 

0 195 

0 274 

0 031 

0 050 

0 064 

tissue 

Stem 

0 030 

0 050 

0 166 

0 280 

0 257 

0 267 

0 032 

0 121 

0 055 


Root 

0 030 

0 045 

0 050 

0 077 

0 152 

0 162 

0 032 

0 048 

0 062 

Nitrite determined in tissue Leaf 











Stem 









0 03 


Root 









0 03 

Ammonia determined 

in Leaf 




0 015 

0 016 

0 018 


0 013 

0 018 

tissue 

Stem 


0 063 

0 073 

0 124 

0 182 

0 184 


0 184 

0 218 


Root 




0 020 

0 025 

0 030 


0 023 

0 025 

Amide determined m tissue Leaf 

0 034 

0 059 

0 061 

0 070 

0 071 

0 064 

0 041 

0 070 

0 080 


Stem 

0 034 

0 122 

0 176 

0 284 

0 315 

0 410 

0 046 

0 311 

0 382 


Root 

0 036 

0 026 

0 039 

0 050 

0 062 

0 090 

0 029 

0 028 

0 032 


o Nitrogen, mg /Gm fresh weight 


nitrate alone Flower tissue contained the highest 
concentration of total nitrogen on a "per Gm of 
tissue” basis but the amount of tissue was small 

Nitrate and Ammonia-Nitrate.— Tliese were ab- 
sorbed from solutions by the plants at all levels 
(Table III) At the lower levels of nitrate and at 
all levels of NH3-NO3 the order of absorption in- 
dicates its direct use without accumulation m the 
tissue At higher NO3 levels there was clear evi- 
dence of accumulation in the tissue far beyond 
the ability of the plant to metabolize it 

Nitrite. — Although nitrites in relatively small 
concentrations are considered toMc and do not 
generally accumulate in plants, detectable amounts 
(0 03 rag /Gm ) did occur in stem and root tissues 
of belladonna at 30 mg /eqmv of NH 3 -NO 3 This 
can be interpreted as an inability of the plant to 
convert readily all the available nitrate into am- 
monia via nitrite because of the concentration of 
ammonia already present in these tissues 

Ammonia Nitrogen. — Detected chiefly 111 stems at 
the higher levels of nitrate and especially NH3-NO3 
supplj', this indicates that ammonium is commonly 
utilized in tissue so rapidly that it is detected only in 
the area of translocation 

Amides. — Like ammonia, these are metabolized 
quickly in leaf and root and are present in an 
appreciable quantitj' in stem. Tlie presence of the 


major amides was detected along ivith the ammo 
acids, chroinatographically 

Amino Acids and Amides. — Those present m the 
alcohol-soluble fraction (free ammo acids) (Tables 
IV, V, and VI) include cysteic acid, aspartic acid, 
glutamic acid, senne, glycme, asparagine, tlireomne, 
alanine, glutamine, prolme, valine, the leucines, and 
7 -aminobutvric acid Associated uitli increasing 
nitrate supply are greatly increased amounts of 
aspartic acid, glutamic acid, glutamine, and prolme 
Plants grown at the higher NHs-NOa levels con- 
tained 50% more soluble nitrogen m the leaf (Table 
IV) than the corresponding NO 3 examples, tlie 
difference being made up of larger quantities of 
glutamic acid, glutamine, proline, and the presence 
of significant quantities of asparagine that were not 
present in the nitrate grow n plants 

It IS noteworthy that glutamine as a storage form 
of nitrogen increased up to 25 mg equivalents of 
NO 3 Above this level a greater proportion of the 
nitrogen was converted into protein 

Asparagine, which accumulated at the upper 
levels of ammonium was not present at any level of 
nitrate supply This bears out the idea of Steward 
and Preston (7) that glutamine is intimately associ- 
ated with nitrogen synthesis and asparagine is 
associated with protein hjdrolysis in the tissue. 

It is surprising that a closed ring lietcroci clic 




Nitrogenous Constituents of Atropa belladonna L. 
Grown on Different Sources of Externally Supplied 

Nitrogen* 

By L. J. SCHERMEISTERf, F. A. CRANE, and R. F. VOIGT 

Nitrates, nitrites, ammonia, amides, amino acids, proteins, and alkaloids were deter- 
mined in plants under all treatments as previously described At low nitrogen 
supply, belladonna synthesized alkaloids preferentially over protein. At high levels 
more protein and soluble nitrogenous compounds accumulated in tissue while the 
alkaloid level was relatively low. There appeared to be no direct relation between 
alkaloid and protein ^-Aminobutjric acid maj be a precursor to the belladonna 
alkaloids based on amounts of each present 


Plants grown bv methods c\[)lained in the 
previous repoit (1) were harvested and 
prepared for the determination of the v'arious 
nitrogenous constituents mentioned below 
Samples were taken that would provide fresh 
and dry weights of each plant part, total nitro 
gen, nitrate, ammonia, amides, amino acids both 
free and combined in protein, and alkaloids of 
the V'arious parts 

PROCEDURE 

Samples for total nitrogen (Kjcldahl) were taken 
directlv from fiesh tissue to avoid nitrogen loss on 
drjing Tissues used for the detcrnnnation of 
nitrate, nitrite, ammonia, and amides were frozen 
at —20° from the fresh plant at the time of harvest 
Samples used for amino acid determination were 
placed in sufficient ethvl alcohol that with the 
water normallv present in the tissue resulted in a 
75% alcohol concentration If more alcohol was 
needed to cover tissue, 75% alcohol was added 
The remaining tissue was dried for alkaloid deter- 
minations 

Ammonia, amide, nitrite, and nitrate fractions 
were determined bj the method of t’arncr, Bulcn, 
Vanecko, and Burrell (2) which separates these 
fractions bj a combination of Dowe\ resins and 
selective pH ranges This releases the fractions 
mdividuallv so that thej can be distilled and titrated 
m a seinimicroKjcldahl apparatus 

Free ammo acids and those combined in protein 
(after acid hjdrolvsis) were determined bv paper 
chromatograplij made quantitativ e bj Thompson 
and Steward (3) Washed and buffered (pH 7 0) 
‘'heets of Whatman No 1 filter papers were used, 
making reproducibility such that multiple deter- 
minations were never more than 5% from each 
other 

Alkaloids were determined by the method of 
Brown, Kirch, and Webster (4) with the following 
variations (a)a3-Gra rather than a 10 Gm sample 
was employed, (b) the material was extracted with 

* Received September 25 1959 from the University of 
Illinois College of Pharmacy Chicago 12 

This paper is based on a thesis submitted to the Graduate 
College of the University of Illinois in partial fulfillment of 
the requirements for the degree Doctor of Philosophy 

t Present address School of Pliqrmpcy, North Dakota 
Agricultural College. Fargo 


3 ml of Stronger ammonia test solution U S P 
and (> nil of ether, U S P , instead of 10 ml and 
20 ml, respectiv civ , (c) the total extractive was 
eniplov cd in the cliromatograpliic separation of the 
.ilk.iloid, instead of a 10-ml aliquot, (d) the total 
alkaloids were titrated elcctromctricallv to the end 
point of pH 0 j instead of using the methjl red 
indicator 

Total nitrogen in each tissue was determined b) 
the Kjeldahl method described in the U S P XIV 
(a), including the following modifications (e) 

A l-Giil sample of fresh tissue containing portions 
from evactlv the same areas (apical, median, and 
basal ) of the respectiv e plan t parts at the same stage 
of development were placed in the sulfunc acid 
digesting niivtnre and quantitativ elv transferred 
into seinmncroKjeldahl digestion flasks bj lansmg 
with distilled water (6) The rinse water was 
evaporated to approvimatelv 5 ml over a Bunsen 
burner After the digestion flask had cooled to 
room temperature, 0 5 ml of 30% hj drogen peroxide 
w.as added The sample was digested until the 
solution acquired a clear bluish green color (r) 
To absorb heat produced upon addition of sodium 
hvdrovidc, the digestion flask was immersed m a 
cold water bath (d) Fifteen milliliters of 10 N 
sodium livdrovide containing two drops of methvl 
red indicator was caiitioiislv added, while a few 
bubbles of steam w ere coming ov cr from the genera- 
tor, insuring immediate mivmg of the sulfunc acid 
and the sodium hv droxide hen all of the sodium 
hvdrovide had been added, distillation with steam 
was begun at once (c) Ten drops of the indicator 
used by Ma and Zuazaga (6) and 25 ml of 2% 
boric acid w ere placed in the receiv mg flask 

The ammonia collected m tlie receiv'ing flask was 
titrated according to the official U S P method and 
total nitrogen calculated 

RESULTS 

Nitrogenous Constituents 

Total Nitrogen. — The belladonna plant follows ^ 
the commonlj reported pattern of absorbing nitrogen / 
(Tables I and II) from a source far in e-\cess of its 
growth requirements The greatest absorption 
was in tissues furnished nitrate (23 mg nitrogM 
per Gm of fresh tissue), but since the NHj NOj 
plants grew more vigorously, the amount of nitrogen 
per total plant exceeded that of the plants furnished 
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Table I — Total Nitrogen of Belladonna Plants (Kjeldahl)" 



5 

10 

Nitrate 

15 

20 

25 

30 

5 

•Ammonia Nitrate 

20 30 

Leaf 

3 98 

4 15 

4 40 

5 63 

6 60 

5 50 

3 10 

4 67 5 77 

Stem 

1.37 

2 10 

2 14 

2 58 

3 14 

3 02 

0 92 

3 17 3 56 

Root 

1.72 

2 43 

2 48 

2 75 

3 10 

3 32 

1 57 

2 66 2 73 

Flowers 

6 40 

6 75 

7 06 

7 26 

8 00 

10 10 

5 34 

7 05 6 77 


Figures arc mg total mtrogen/Gm oC tissue, fresh weight 


Table II — Absolute Amounts op Total Nitrogen” 


•Nitrate » . Ammonia Nitrate- 



5 

10 

IS 

20 

25 

30 

SO 

20 

30 

Leaf 

81 0 

133 2 

174 2 

243 0 

316 8 

285 4 

58.9 

241 0 

335 7 

Stem 

46 0 

90 3 

98 7 

119 2 

146 3 

144 9 

28 6 

176 9 

217 8 

Root 

46 1 

66 1 

82 1 

92 2 

103 8 

120 0 

47 3 

99 1 

109 5 

Flower 

24 8 

39 8 

47 3 

55 1 

52 8 

57 6 

26 2 

64 6 

87 1 

Total plant 

197 9 

329 4 

402 3 

509 5 

619 7 

607 9 

161 0 

581.6 

750 1 


® Figures are mg total nitrogen per plant part 


Table III — Nitrate, Nitrite, Ammonia, and Amide Nitrogen of Belladonna Plants as Affected 
BY Various Concentrations of Nitrogen After Growth in Water Culture for Fifty-five Days” 


Sola, Compn , 


mg Equiv 
Nitrogen/L 


s 

10 

■Nitrate — 
15 

20 

25 

30 ' 

' — -Ami 
5 

noma Nvt 
20 

.rate — . 
30 

Nitrate determined 

in Leaf 

0 031 

0 030 

0 042 

0 071 

0 195 

0 274 

0 031 

0 050 

0 064 

tissue 

Stem 

0 030 

0 050 

0 166 

0 280 

0 257 

0 267 

0 032 

0 121 

0 055 


Root 

0 030 

0 045 

0 050 

0 077 

0 152 

0 162 

0 032 

0 048 

0 062 

Nitrite determined in tissue Leaf 











Stem 









0 03 


Root 









0 03 

Ammonia determined 

in Leaf 




0 015 

0 016 

0 018 


0 013 

0 018 

tissue 

Stem 


0 063 

0 073 

0 124 

0 182 

0 1S4 


0 184 

0 218 


Root 




0 020 

0 025 

0 030 


0 023 

0 025 

Amide determined in tissue Leaf 

0 034 

0 059 

0 061 

0 070 

0 071 

0 064 

0 041 

0 070 

0 080 


Stem 

0 034 

0 122 

0 176 

0 284 

0 315 

0 410 

0 046 

0 311 

0 382 


Root 

0 036 

0 026 

0 039 

0 050 

0 062 

0 090 

0 029 

0 028 

0 032 


« Nitrogen, mg /Gtn fresh weight 


nitrate alone Flower tissue contained the highest 
concentration of total nitrogen on a "per Gm of 
tissue” basis but the amount of tissue was small 
Nitrate and Ammonia-Nitrate. — These uere ab- 
sorbed from solutions bj’ the plants at all levels 
(Table III) At the lower levels of nitrate and at 
all levels of NHj-NO, the order of absorption in- 
dicates its direct use ivithout accumulation in the 
tissue At higher NO, levels there was clear evi- 
dence of accumulation in the tissue far beyond 
the ability of the plant to metabolize it 

Nitrite. — Although nitrites in relatively small 
concentrations are considered toMC and do not 
generally accumulate in plants, detectable amounts 
(0 03 mg /Gm ) did occur in stem and root tissues 
of belladonna at 30 mg /equiv of NH3-NO3 This 
can be interpreted as an inability of the plant to 
convert readily all the available nitrate into am- 
/ raonia v’ia nitrite because of the concentration of 
' ammonia already present in these tissues 
\ Ammonia Nitrogen. — Detected chiefly in stems at 
\ the higher levels of nitrate and especially NH3-NO3 
supply, this indicates that ammonium is commonly 
utilized in tissue so rapidlv that it is detected only in 
the area of translocation. 

Amides. — Like ammonia, these are metabolized 
quickly in leaf and root and are present in an 
appreciable quantity in stem The presence of the 


major amides was detected along with the amino 
acids, chromatographically 

Amino Acids and Amides. — Those present in the 
alcohol-soluble fraction (free amino acids) (Tables 
IV, V, and VI) include cysteic acid, aspartic acid, 
glutamic acid, serine, glycine, asparagine, threonine, 
alanine, glutamine, prolme, valine, the leucines, and 
7 -aminobutyric acid Associated with increasing 
nitrate supply are greatly increased amounts of 
aspartic acid, glutamic acid, glutamine, and proline 
Plants groun at the higher NH3-NO3 levels con- 
tained 50% more soluble nitrogen in the leaf (Table 
IV) than the corresponding NO3 examples, the 
difference being made up of larger quantities of 
glutamic acid, glutamine, proline, and the presence 
of significant quantities of asparagine that were not 
present in the nitrate grou n plants 

It is noteuorthy that glutamine as a storage form 
of nitrogen increased up to 25 mg equivalents of 
NO3 Above this level a greater proportion of the 
nitrogen was converted into protein 
Asparagine, which accumulated at the upper 
levels of ammonium was not present at any level of 
nitrate supply This bears out the idea of Steward 
and Preston (7) that glutamine is intimately associ- 
ated with nitrogen synthesis and asparagine is 
associated nitli protein hydrolysis in the tissue. 

It is surprising that q closed ring heterocvclic 
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Table IY — Composition or the Alcohoi -Soluble Oroanic Nitrogen Fractions or Belladonna Leaf 

\s ArFECTLD BV VARIOUS CONCENTRATIONS OF NITROGEN AFTER GROWTH IN WATER CULTURE FOR 

Finv-Pivc Davs" 


Nitr»>K<-H ?Ciilricnl Solutions, mj; Kijuiv /Liter 
— NO4 . > NOi iVHr 


Ammo AckIs 

G 


to 


IS 


20 


25 


30 


5 


20 

30 


Ctstcic from c\ steme 



10 

0 

20 

0 

2.7 

0 

.30 

0 

30 

0 



30 0 

30 

0 

Aspartic 

GO 

0 

10 

0 

2:10 

0 

<10 

0 

20.7 

0 

2G0 

0 

2.7 

0 

24.7.0 

190 

0 

Glulaniic 

1.1 

fi 

12 

1 

.78 

.7 

8.7 

0 

8.7 

G 

.72 

0 

40 

3 

100 0 

99 

1 

Serine 

;i 

4 



41 

.‘1 

.‘lO 

0 

34 

1 

21 

9 

01 

2 

.78 4 

2G 

0 

Glicme 

14 

1 

2.1 

1) 

10 

7 

21 

G 

31 

9 

40 

.7 

13 

0 

02. 9 

01 

2 

Asparagine 















130 0 

1.50 

0 

Threonine 



1:1 

0 

2.7 

.•1 

14 

0 

30 

G 

34 

8 

33 ' 

I 

.71 8 

23 

7 

Alanine 

47 

r> 

70 

7 

.7.7 

2 

7G 

.'1 

113 

3 

.73 

4 

70 

0 

17.7 2 

142 

6 

Glutamine 

14 

n 

•■17 

r> 

284 

fl 

.‘17.7 

0 

472 

.7 

270 

0 

110 

0 

1 , 37.7 0 

G5.7 

0 

Proliiic 

.1.11 

0 

.Till 

() 

GOO 

0 

G44 

0 

1 ,010 

0 

789 

0 

133 

0 

1,147.0 

1 ,.754 

0 

A almc 

14 

7 

IS 

0 

27 

!) 

17 

.7 

20 

3 

11 

1 

23 

3 

3.7 .7 

23 

1 

Leucines 

27 

G 

.'ll 

4 

27 

7 

20 

;i 

21 

1 

21 

G 

47 

4 

4.7 3 

.30 

9 

7 -Ammobut\ ric 

72 

2 

104 

.7 

IGl 

.7 

1.70 

0 

IG7 

3 

00 

1 

1.70 

8 

30.7 0 

200 

0 

Total, meg /Gm 

fi20 

4 

O.iO 

0 

I ,.772 

0 

1 ,.7.71 

0 

2,281 

0 

1 ,080 

0 

708 

0 

3,700 0 

3,182 

0 


« Amino acid rncK/Gm fresh ueiKht 


Table \ — CoMUosirioN 01 the \i cohoi -Soluble Nitroofn Fractions Of Belladonna Stem as 
A rrFCTED BY \ ARIOUS CoNCLNI RA1 IONS OF NITROGEN AFTER GROWTH IN W'ATER CULTURE FOR FlFTi- 

rivE Days" 


Nitrogen in Nutrient Solution mv: Lqui\ /Liter 
XOj . , NOa NK: 


Ammo Acids 

5 


10 


15 


20 


2.'. 


dO 


5 

20 

30 

Cjsteic from 
















cysteme 





2.5 

0 

40 

0 

.3.7 

0 

3.7 

0 


.34 0 

37 9 

Aspartic 

90 

0 

92 

0 

130 

0 

200 

0 

190 

0 

210 

0 

100 0 

100 0 

29(1 0 

Glutamic 

28 

4 

31 

2 

34 

9 

00 

0 

5.3 

1 

51 

9 

12 0 

.73.9 

36 4 

Serine 

14 

2 

28 

0 

22 

9 

.35 

7 

20 

0 

.38 

9 

10 1 

33.9 

19 3 

Glj cine 

29 

3 

53 

0 

39 

9 

41 

9 

.37 

8 

00 

3 

28 3 

77.2 

88 2 

Asparagine 

112 

0 

.382 

0 

082 

0 

814 

0 

7.SC 

0 

S3S 

0 


505 0 

850 0 

Threonine 

9 

2 

40 

8 

28 

8 

58 

.3 

4.7 

,7 

44 

5 

19’8 

64 1 

60 5 

Alanine 

22 

5 

. 3.7 

0 

17 

4 

.35 

9 

30 

8 

24 

.7 

15.0 

2.7 .3 

25 3 

Glutamine 

246 

0 

2,141 

0 

3,000 

0 

.3,080 

0 

3,187 

0 

3,025 

0 

240 7 

5,300 0 

8,905 0 

Proline 

092 

0 

I.0.)5 

0 

757 

0 

940 

0 

1,0.82 

0 

1,212 

0 

717 0 

890 0 

1,200 0 

Afahne 

29 

7 

32 

9 

23 

4 

19 

1 

.30 

0 

33 

,7 

.70 .7 

38 5 

40 9 

Leucines 

Phenylala- 

04 

3 

131 

7 

47 

9 

45 

3 

40 

7 

70 

4 

&3 9 

84.5 

87 1 

nine 

0.7 

0 

177 

(1 

71 

8 

03 

,7 

77 

.7 

100 

7 

.78 .7 

03 0 

05 6 

Tjrosinc 

45 

4 

91 

5 

1.7 

1 

2.7 

.7 

33 

3 

29 

9 

48 1 

31 1 

31 3 

/S-Alanme 

7 -Amino- 





22 

2 

34 

I 

30 

0 

20 

0 


1.7 8 

17 0 

butync 
Total, meg / 

55 

3 

58 

4 

42 

5 

59 

7 

04 

0 

71 

4 

54 3 

82 8 

59 7 

11,813 0 

Gm 

1,501 

0 

4,350 

0 

5,407 

0 

.7 , 550 

0 

5,700 

0 

5,870 

0 

1,438 0 

7.459 0 


" Ammo acid, meg /Gm fresh utight 


Table AT — Composition or the Ai cohoi -Solubi f Organic Nitrogen Fractions or Belladonna Rooi 
AS Affected by AWrious Concentrations or Nitrogen after Growth in Water Culture for Fift\- 

rivE Days" 


Nitrogen in Nutrient Solutions, mg Equiv /Liter 


Ammo Acids 

5 


10 


15 

J 

NUa 

20 


25 


30 


'~5 


NOj NHs- 

20 

30 


Aspartic 

52 

.3 

51 

8 

80 

4 

70 

6 

170 

6 

286 

3 

33 

3 

243 

0 

230 

0 

Glutamic 

3 

0 

28 

7 

28 

2 

83 

0 

133 

0 

77 

3 

2 

2 

140 

0 

222 

.0 

Serine 



4 

4 

9 

4 

20 

9 

16 

2 

24 

3 



27 

5 

28 

d 

Glycine 

0 

0 

10 

7 

7 

9 

24 

2 

29 

7 

37 

1 



58 

0 

112 

9 

Asparagine 















84 

0 

.735 

0 

Tlireoninc 



5 

2 

10 

6 

12 

8 

1.7 

2 

33 

1 



29 

5 

24 

.) 

Alanine 

3 

4 

13 

3 

10 

0 

33 

1 

36 

1 

83 

0 

4 

0 

56 

9 

50 


Glutamine 

41 

0 

43 

0 

30 

0 

45 

2 

102 

2 

131 

0 

54 

0 

2,676 

0 

5,002 

0 

Proline 









172 

3 

230 

9 



172 

0 

390 

0 

A^aline 

4 

0 

14 

7 

7 

4 

7 

1 

22 

1 

14 

6 

2 

9 

16 

0 

16. 

9 

Leucines 



13 

0 

10 

3 

7 

7 

13 

1 

10 

1 

6 

5 

18 

6 

23. 

1 

Phenylalanine 



15 

5 



8 

3 

9 

2 

8 

8 

8 

9 

27 

7 

163 

0 

7 -Aminobutvnc 

21 

0 

189 

0 

21 

2 

120 

4 

.70 

8 

183 

4 

10 

2 

922 

0 

Total meg /Gm 

131 

9 

396 

4 

215 

9 

433 

9 

777 

1 

1,119. 

,9 

128 

6 

3,771 

0 

6,798 

0 


“ Ammo acid meg /Gm fresh weight 
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amino acid sncli as proline should have constituted 
over 40% of the soluble nitrogen at all levels 
The total soluble nitrogen produced was greater 
, at each level of ammonia-nitrate than with nitrate- 
^ nitrogen alone. The major portion of the increase 
was due to the amides, asparagine, and glutamine at 
the higher nitrogen levels. The appearance of 
asparagine at the higher levels of ammonia-nitrate 
was accounted for by a reduction in the amount of 
aspartic acid in this scries when compared with that 
supplied with nitrate The combination of glutamic 
acid and glutamine under ammonia nutrition was 
more than three times that under the comparable 
nitrate nutrition, whereas the combination of 
aspartic acid and asparagine was roughly the same 
under both treatments 

The total amount of soluble nitrogen present m 
the stem (Table V) was approximately three times 
that found in the leaf Aspartic and glutamic acids 
increased in the same proportions throughout the 
treatments, i c , the aspartic acid was about three 
times the glutamic acid in most cases Their 
amides also increased throughout the treatments 
but by contrast, glutamine was about three times 
the asparagine in all cases 
Phenylalanine, tyrosine, /3-alanine were not 
detected in leaf tissue but were present in quantita- 
tive amounts in the stem 

The total amount of soluble nitrogen present in 
the roots (Table VI) that had been furnished 
nitrate was only half that present in the leaf tissue, 
but roots furnished the high level of NH3-NO3 
contained more than twice the soluble nitrogen of 
. their leaves This large amount of soluble nitrogen 
was predominantly asparagine and glutamine, 
indicating that the ammonia source stimulated the 
accumulation of amide in root tissue 7-Amino- 
butyric acid is a major fraction in root tissue, 
particularly at the high levels of both NO3 and 
NH3-NO3 It was observed that an abundance of 
7-aininobutyric acid seemed to be associated with 


the presence of huge amounts of alkaloid in the 
root 

Alcohol-Insoluble Nitrogen (Protein). — Although 
the nutrient supply had a pronounced effect on the 
metabolism of all plant parts, relatively slight 
changes in the amino acid composition of their pro- 
tein rvas observed (Compare Tables IV and \TI, 
V and VIII, VI and IX.) All of the amino acie’s 
present in the soluble fraction except y-amino- 
butyric acid occurred much mt re abundantly in the 
protein than in the free state The ratio of aspartic 
acid to glutamic acid in the leaf protein varied from 
2:1 to 3:1 with the greater ratio being associated 
with the higher nitrogen levels. Serine, gheine, 
threonine, alanine, valine, phenylalanine, and 
tyrosine remained substantial!}’ constant throughout 
all of the treatments. All levels of ammonia- 
nitrate produced more protein than the correspond- 
ing nitrate tieatment. Lysine and arginine com- 
monly found in the protein fraction of plants were 
not detected in either the alcohol-soluble or in- 
soluble fractions of the belladonna plant. 

The composition of the stem protein (Table VIII) 
was similar to that of the leaf protein, b t amounted 
to only one-tenth that of the leaf except at lowest 
NO3 levels The ratio of aspartic acid to glutamic 
acid in the NOi series was 2:1; in the NH3-NO3 
it was 1:1, indicating that NH3 tends to stimulate 
the production of glutamic acid over aspartic acid 

The protein s}’nthesized in the root (Table IX) 
contained the compounds previously mentioned in 
leaf and stem and contained, in addition, cysteic 
acid in all treatments It is surprising that this is 
the only sulfur -containing amino acid found in the 
protein fraction The amount of protein syn- 
thesized in roots was about one-forth that present in 
leaf and slightly more than twice that in stem. 
The compounds most noticeable in the root protein 
were the leucines, tyrosine, proline, and hydroxy- 
proline Of these, hydroxyproline is present in 
greater quantity than in any other plant part. 


Table VII. — Composition of the .Alcohol-Insoluble Nitrogen Fractions of Atropa belladonna Leaf 
AS Affected by A'arious Concentrations of Nitrogen After Growth in Water Culture for Fifty- 

five Days'* 


Nitrogen in Nutrient Solution, mg Equtv ^Eiter 


Amino Acids 

5 

10 

15 

-NOj 

20 

25 

30 

5 

- NO3 NHj- 
20 

;i0 

Cysteic from 
cysteine 
Aspartic 

2,140 

3,000 

5,652 

2,601 

5,690 

6,584 

5,242 

3,5;i0 

3,905 

Glutamic 

970 

1 ,000 

2,314 

1,910 

1,993 

1,960 

2,065 

1,852 

2,009 

Serine 

183 

800 

1,291 

296 

998 

834 

974 

1,310 

1,988 

Glycine 

430 

700 

1,045 

679 

882 

919 

550 

596 

1,865 

Asparagine 

Threonine 

910 

1,100 

1,394 

1,240 

1 , 159 

1 , 100 

1,099 

1,352 

1,606 

Alanine 

648 

1,050 

1,842 

2,125 

2,170 

1,4.39 

1,077 

2,909 

2,046 

/ Glutamine 

Proline 

' ’730 

1,200 

2.8&3 

1 ,425 

3,000 

3,952 

1,319 

4,660 

4,470 

y X'aline 

1 , 175 

1,425 

1,833 

1,668 

1,880 

2,100 

1,391 

2,490 

2,625 

y Leucines 

2,310 

2,700 

3,760 

3,070 

4,067 

4,645 

3,312 

6 , 577 

5 , 55 1 

Phenylalanine 

1,010 

1,220 

1,428 

1,363 

1,388 

1,440 


1,979 

2,139 

Tyrosine 

747 

570 

553 

503 

631 

744 

690 

930 

695 

/3-.Alanine 
1-Aminobutyric 
OH Prolinc 



266 

17o 

247 

184 

276 

' 552 

423 

Total mcg./Gm 

11,355 

14,765 

24,267 

17,055 

24 , 105 

25,900 

17,995 

28,743 

29 322 


” Amino acid, meg /Gm fresh weight. 
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Table IV — Composition or thf Alcohol-Soluble Orc.anic Nitrogen Fractions or Belladonna Leaf 
As Aefected by Various Concentrations or Nitrogen Aeter Growth in Water Culture for 

Fifty-five Dans'* 


NitruKcn m Nutrient Solutions, mi; Equiv /Liter 
\Oa NOj NHt- 


Amino Acids 

6 


10 


13 


20 


2.3 


30 


5 


20 


JO 


C\steic from c\stcinc 



10 

0 

20 

0 

25 

0 

30 

0 

30 

0 



30 

0 

31) 

0 

Aspartic 

GH 

() 

40 

0 

210 

0 

90 

0 

2G5 

0 

2G0 

0 

25 

0 

245 

0 

190 

0 

Glutamic 

13 

G 

12 

4 

58 

,3 

85 

0 

85 

0 

52 

0 

40 

3 

100 

0 

99 

1 

Serme 

3 

4 



41 

3 

30 

0 

34 

I 

21 

9 

01 

2 

58 

4 

26 

0 

Gh cmc 

14 

4 

23 

() 

10 

7 

24 

0 

31 

9 

46 

.3 

13 

0 

02 

9 

61 

2 

Asparagine 















130 

0 

150 

0 

Threonine 



43 

0 

25 

3 

14 

0 

30 

C 

34 

8 

33 

1 

.51 

8 

23 

7 

Alanine 

47 

.5 

70 

7 

55 

2 

70 

3 

II3 

3 

53 

4 

70 

0 

175 

2 

142 

6 

Glutamine 

14 

0 

17 

3 

284 

0 

375 

0 

472 

5 

270 

0 

110 

0 

1,375 

0 

655 

0 

Prolmc 

.1,13 

0 

311 

(i 

000 

0 

()44 

0 

1,010 

0 

789 

0 

133 

0 

1,147 

0 

1,554 

0 

\ aline 

14 

7 

18 

9 

27 

9 

17 

.3 

20 

3 

11 

4 

23 

3 

35 

5 

23 

1 

Leucines 

27 

f) 

11 

4 

27 

7 

20 

.1 

21 

1 

21 

0 

47 

4 

45 

3 

30 

9 

7 -Ammobut\ ric 

72 

2 

104 

.3 

101 

5 

1.30 

0 

1G7 

3 

90 

1 

1.30 

8 

305 

n 

200 

0 

"Total, meg /Gm 

020 

1 

<1.30 

0 

1 572 

0 

1 ,551 

0 

2,281 

0 

1 ,080 

0 

708 

0 

3,760 

0 

3,182 

0 


« Amino acid, mcR /Gm fresh weight 


Table \ — Composiiion of the \i coiioi -Soluhlf Nitrogen Fractions Or Belladonna Stem as 
Affected by \ arious Concentrations or Nitrogen After Growth in Water Culture for Fift\ 

FIVE Dans' 


Nitrogen in Nutrient Solution mg L<im\ /I iter 



. 

— 


— 

NO 

n 

— 



— — 


. 

— 

— NOj NHj- 


Ammo Acids 

3 


10 


13 

20 


25 


40 


5 


20 


JO 

Cjsteic from 

















cvsteine 





25 0 

40 

0 

35 

0 

35 

0 



34 

0 

37 0 

Aspartic 

90 

0 

92 

0 

130 0 

200 

0 

190 

0 

210 

0 

100 

0 

100 

0 

290 0 

Glutamic 

28 

4 

31 

2 

34 2 

00 

0 

.33 

1 

51 

2 

12 

0 

53 

9 

36 4 

Serine 

14 

2 

28 

0 

22 9 

35 

7 

20 

0 

38 

2 

10 

1 

33 

9 

19 3 

Gl) cine 

29 

3 

53 

6 

39 9 

41 

2 

37 

s 

60 

3 

28 

3 

77 

2 

88 2 

Asparagine 

112 

0 

382 

0 

082 0 

814 

0 

780 

0 

838 

0 



505 

0 

850 0 

Threonine 

9 

2 

46 

8 

28 8 

58 

3 

45 

5 

44 

5 

19 

8 

04 

1 

60 5 

Alanine 

22 

5 

35 

f) 

17 4 

35 

9 

36 

8 

24 

5 

15 

0 

25 

3 

25 3 

Glutamine 

245 

0 

2,141 

0 

3,000 0 

3.080 

0 

3,187 

0 

3,025 

0 

240 

7 

5.300 

0 

8,905 0 

Prolmc 

692 

0 

1,0.35 

0 

757 0 

940 

0 

1,082 

0 

1,212 

0 

717 

0 

890 

0 

1,200 0 

A'ahiie 

29 

7 

32 

2 

23 4 

19 

1 

30 

0 

33 

.3 

50 

5 

38 

5 

40 9 

Leucines 

04 

3 

131 

7 

47 2 

45 

3 

46 

7 

70 

4 

S3 

9 

84 

5 

87 1 

Phent lala- 

















nine 

05 

0 

177 

0 

71 8 

03 

5 

77 

5 

100 

7 

58 

5 

03 

6 

05 6 

Ttrosme 

45 

4 

91 

5 

15 1 

25 

.3 

33 

3 

29 

9 

48 

1 

31 

1 

31 3 

^-Alanine 





22 2 

34 

1 

30 

0 

20 

0 



15 

8 

17 0 

7 -Amino- 

















butvne 

55 

3 

58 

4 

42 5 

59 

7 

04 

0 

71 

4 

54 

3 

82 

8 

59 7 

Total, meg / 

















Gm 

1,501 

0 

4,356 

0 

5,467 0 

6,550 

0 

5.700 

0 

5,870 

0 

1,438 

0 

7,459 

0 

11,813 0 


” Amino acid meg /Gm fresh weight 


TableA I — Composition or THL Ai toHoi -Soluble Organic Nitrogen F'ractions or Beliadonna Root 
AS Affected b\ A’arious Concentrations of Nitrogen after Growth in \\ ater Culture for Fifti- 

FIVE Da\s' 


Nitrogen in Nutrient Solutions, mg Equn /Liter 


Ammo Acids 

S 


10 


15 

■ 

NOj 

20 


25 

— 

30 


'~5 


NOj NHs- 

20 

30 

Aspartic 

52 

3 

51 

8 

80 

4 

70 

6 

170 

6 

286 

3 

33 

3 

243 

0 

230 

Glutamic 

3 

0 

28 

7 

28 

2 

83 

6 

133 

C 

77 

3 

2 

2 

140 

0 

222 

Serine 



4 

4 

9 

4 

20 

9 

16 

2 

24 

3 



27 

5 

28 

Glycine 

0 

0 

16 

7 

7 

9 

24 

2 

29 

7 

37 

1 



58 

0 

112 

\sparagme 















84 

0 

535 

Threonine 



5 

2 

10 

5 

12 

8 

15 

2 

33 

1 



29 

5 

24 

Alanine 

3 

4 

13 

3 

10 

0 

33 

1 

36 

1 

83 

0 

4 

0 

56 

9 

50 

Glutamine 

41 

0 

43 

G 

30 

0 

45 

2 

102 

2 

131 

0 

54 

0 

2,676 

0 

5,002 

Prohne 









172 

,1 

230 

9 



172 

0 

390 

A’alme 

4 

6 

14 

7 

7 

4 

7 

1 

22 

1 

14 

6 

2 

9 

16 

0 

16 

Leucines 



13 

0 

10 

3 

7 

7 

13 

1 

10 

1 

6 

5 

18 

6 

23 

Phenvlalanme 



15 

5 



8 

3 

9 

2 

8 

8 

8 

9 

27 

7 

163 

-y-.Ammobutt nc 

21 

U 

189 

0 

21 

2 

120 

4 

50 

8 

183 

4 

16 

2 

222 

0 

Total meg /Gm 

131 

9 

396 

4 

215 

9 

433 

9 

777 

1 

1,119 

9 

128 

0 

3,771 

0 

6,798 


" Ammo acid meg /Gm fresh weight 


No\ ember 1900 


Scientific Edition 
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immo acid s'ich as prolmc should have constituted 
over -lO'/p of the soluble nitrogen at all ler els 

The tot il soluble nitrogen produced uas greiter 
it eaeli level of anitnonia nitrate than with nitrate- 
iiitrogcu alone The major portion of the increase 
was due to the amides, asparagine, and glutamine at 
the higher nitrogen le\ els The appearance of 
asparagine at the higher levels of ammonia nitrate 
was aceounted for hi a reduction m the amount of 
aspartic acid in this scries when compared w itli that 
supplied w itli nitrate The coinbmation of glutamic 
acid and glutamine under ammonia nutrition was 
more than three times that under the comparable 
nitrate nutrition, whereas the combination of 
aspartic acid and asparagine was roughlj the same 
under both treatments 

The total amount of soluble nitrogen present m 
the stem (Table V) was approximatelv three times 
that found in the leaf Aspartic and glutamic acids 
increased m the same proportions throughout the 
treatments, i e , the aspartic acid was about three 
times the glutamic acid m most cases Their 
amides also increased throughout the treatments 
but b\ contrast, glutamine was about three times 
the asparagine m all cases 

Plienj lalanme, tvrosme, p alanine w ere not 
detected m leaf tissue but w ere present m quaiitita- 
tn e amounts in the stem 

The total amount of soluble nitrogen present in 
the roots (Table VI) that had been furnished 
nitrate was onh half that present m the leaf tissue, 
but roots furnished the high level of NHs NO 3 
contained more than twice the soluble nitrogen of 
their leaves This large amount of soluble nitrogen 
was predominantlj asparagine and glutamine, 
indicating that the ammonia source stimulated the 
accumulation of amide m root tissue 7 -Amino- 
butxric acid is a major fraction in root tissue, 
particularh at the high levels of both NO 3 and 
\H3-NO3 It was observed that an abundance of 
7 aminobut>ric acid seemed to be associated with 


the presence of large amounts of alkaloid m the 
root 

Alcohol-Insoluble Nitrogen (Protein) — Although 
the nutrient supplj had a pronounced effect on the 
metabolism of all plant parts, relativelj slight 
changes in the ammo acid composition of their pio- 
tem was observed (Compare Tables IV and \ II, 
V and \ III, VI and IX ) All of the ammo acids 
present m the soluble fraction except 7 -ammo 
butyric acid occurred much mt re abundanth 111 the 
protein than in the free state The ratio of aspaitic 
acid to glutamic acid in the leaf protein varied from 
2 1 to 3 1 with the greater ratio being associated 
with the higher nitrogen levels Serine, ghcine, 
threonine, alanine, valine, phenj lalanme, and 
tj'rosme remained substantial!} constant throughout 
all of the treatments All levels of ammonia 
nitrate produced more protein than the correspond- 
ing nitrate treatment Lysine and arginine com- 
monly found m the protein fraction of plants were 
not detected 111 either the alcohol-soluble or in- 
soluble fractions of the belladonna plant 

The composition of the stem protein (Table \ III) 
was similar to that of the leaf protein, b t amour ted 
to onl} one-tenth that of the leaf except at lowest 
NO 3 levels The ratio of aspartic acid to glutamic 
acid m the NOi series was 2 1, in the NHi NOi 
It was 1 1, mduatmg that NH 3 tends to stimulate 
the production of glutamic acid over aspartic acid 

The protein synthesized m the root (Table IX) 
contained the compounds previousl} mentioned in 
leaf and stem and contained, m addition, cjsteic 
acid in all treatments It is surprising that this is 
the onl} sulfur eontaining ammo acid found in the 
protein fraction The amount of protein svn- 
thesized in roots was about one-forth that present in 
leaf and slightl} more than twice that in stem 
The compounds most noticeable in the root protein 
were the leucines, t}rosine, proline, and h}droxx 
prohiie Of these, h\ drox\ proline is present 111 
greater quantity than m an} other plant part 


Table VII — Composition of the Alcohol Insoluble Nitrogen Fractions of Atropa belladonna Leaf 
AS Affected b\ Various Concentrations or Nitrogen After Grow'th in Water Culture for Fiftx- 

FIVE Daxs® 


NitroRcn m Ntitnent Solution mp Equi\ /I iter 


Amino Acids 

'5 

10 

15 

-NOi 

20 

25 

20 

5 

- NOs NH)- 
20 

10 

C\ steic from 
cysteine 
Aspartic 

2,140 

3,000 

5,652 

2,601 

5,690 

6,584 

5,242 

3,536 

3,905 

Glutamic 

970 

1,000 

2,314 

1 ,910 

1,993 

1,960 

2,065 

1,852 

2,009 

Senne 

187 

800 

1,291 

296 

998 

834 

974 

1,310 

1,988 

Glvcine 

430 

700 

1,045 

679 

882 

919 

550 

596 

1,865 

Asparagine 

Threonine 

910 

1,100 

1,394 

1,240 

1 , 1.59 

1,100 

1,099 

1,352 

1,606 

, Alanine 

G48 

1,050 

1,842 

2,125 

2,170 

1,439 

1,077 

2,909 

2,046 

/ Glutamine 

Proline 

730 

1,200 

2,883 

1,425 

3,000 

.3,952 

1,319 

4,660 

4,470 

V Valine 

1 175 

1,425 

1,833 

1,668 

1,880 

2,100 

1,391 

2,490 

2,625 

\ Leucines 

2,310 

2,700 

3,766 

3,070 

4,067 

4,645 

3,312 

6,577 

5,551 

Phenylalanine 

1,010 

1,220 

1,428 

1,363 

1,388 

1,440 


1,979 

2,139 

Ti rosinc 

747 

570 

553 

.503 

631 

744 

690 

930 

695 

|3 Alanine 

7 AininobutN ric 
OH Prohne 

Total meg /Gin 

11,355 

14,765 

266 

24,267 

175 

17,055 

247 

24,105 

184 

25,900 

276 

17,995 

552 

28,743 

423 

29,322 


Ammoncicl meg /Gm fresh i\eight 
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Table VIII -Composition or the Alcohol-Insoluble Nitrogen Fractions of Atropa belladonna Stem 
AS Affected by \"arious Concentrations or Nitrogen After Growth in Water Culture for Fifty- 

Five Days" 


N»troRtn 111 Nutrient Solution, mR Uquiv /Liter 
IsjOj NO, NHr 


Ammo Acids 

r, 

10 

15 

20 

25 

30 

5 

20 

JO 

C\ steic from 
cysteine 

Aspartic 

4,50 

470 

508 

050 

417 

.531 

’525 

'593 

519 

Glutamic 

108 

2.57 

290 

390 

244 

245 

240 

402 

429 

Serine 


112 

103 

125 

58 

103 

70 

132 

131 

Glycine 

60 

104 

129 

145 

93 

149 

00 

129 

120 

Asparagine 

Threonine 

no 

100 

142 

187 

77 

124 

’47 

’ 53 

'50 

Alanine 

Glutamine 

13.5 

170 

191 

221 

187 

14.5 

101 

158 

183 

Prohne 

25 

30.1 

219 

.541 

294 

37 

20 

325 

625 

\ aline 

247 

240 

229 

282 

237 

238 

185 

250 

245 

Leucines 

28.1 

398 

225 

512 

431 

413 

380 

431 

425 

Phenylalanine 

1.50 

17.5 

188 

2.50 

193 

112 

105 

181 

263 

T> rosine 
d-Alanme 



78 

120 

119 

95 

82 

97 

104 

7 Aininobutync 
OH Prohne 


140 

139 

171 

7,5 

75 


105 

’153 

Total meg /Gm 

1,030 

2,481 

2,478 

3,000 

2,425 

2,200 

1,947 

2,976 

3,247 


** Aminij acid, meg /Gm fresli utiglit 


Table IX - Composition or the Alcohol-Insoluble Nitrogen Fractions or Atropa belladonna Root 
AS Affected by ^ arious Concentrations or Nitrogen After Growth in Water Culture for Fifty- 

FIVE Days" 


Nitrogen in Nutrient Solution mg Lfjniv' /Liter 
NO, * ' NO, NHr 


Ammo Acids 

5 

10 

15 

Cysteic from 
cysteine 

220 

270 

300 

Aspartic 

594 

082 

1,450 

Glutamic 

220 

232 

050 

Serine 

100 

123 

594 

Glycine 

177 

255 

300 

.Asparagine 

5 hreonme 

220 

204 

030 

Alanine 

270 

255 

385 

Glutamine 

Prohne 

428 

272 

1,540 

\ aline 

321 

528 

600 

Leucines 

490 

773 

1,143 

Phenylalanine 

285 

403 

428 

Tyrosine 

1,30 

310 

310 

/3-Alanine 
7 -.Ammobutyric 
OH Proline 

370 

570 

459 

Total meg /Gm 

3,843 

4,877 

9,943 


Ammo acid, meg /Gm fresh weight 


20 

23 

JO 

5 

20 

30 

200 

202 

200 

220 

240 

250 

.543 

560 

403 

449 

608 

722 

072 

022 

002 

273 

253 

453 

336 

209 

248 

130 

350 

341 

299 

269 

208 

163 

575 

351 

368 

345 

338 

'.332 

525 

360 

391 

350 

351 

291 

490 

361 

034 

1,189 

1 , 1.82 

695 

l',291 

2,070 

.585 

529 

522 

528 

717 

667 

1,020 

.899 

880 

843 

1,322 

1,176 

381 

420 

429 

317 

469 

426 

280 

242 

2.-8 

225 

300 

317 

5.50 

522 

603 

429 

053 

645 

0.3.31 

0,490 

0,404 

4,895 

7,793 

S,I39 


Alkaloids. — Regardless of the amount of nitr.ite 
furnished, the amount of alkaloid found in the 
leaf was approximately 1 5 mg /Gm drj' weight 
(Tables X and XI) It indicates that inorganic 
nitrogen supplied in minimal amounts or more has 
little effect on the per cent of alkaloid in the leaf 
There was a regular progression of absolute amounts 
of alkaloid m the leaf tissue with increasing nitrate 
concentration Since the rate of alkaloid synthesis 
Mas fairly constant, this progression is taken to be 
largely an indication of the rate of tissue production 
The relative amount of a'kaloid contained in stem 
tissue was roughly three-fourths that present in the 
leaf The notable exception was 30 mg equiv 
nhere alkaloid content nas as high as leaf alkaloid 
The same relationship applied to alkaloid sj nthesis 
tinder ammonia nutrition 

The notable feature of alkaloid sY’iithesis was its 


high relative concentration in root tissue Tins nas 
umisiiallj striking at 5 mg equiv of nitrate nhere 
3 0 mg of alkaloid i\ ere present per Gm of do’ 
tissue This indicates that nitrogen i\as used in 
alkaloid synthesis m preference to that available 
for protein synthesis and growth The absolute 
amounts of alkaloid present in root closely approxi- 
mated that of leaf and stem combined This was 
obviously’ due to the larger amounts of dry « eight in 
leaf and stem 

Alkaloid synthesis under NHs nutrition exceeded 
that of plants furnished NO, at the higher nitrogen 
levels of both relative and absolute bases These 
facts indicate that alkaloid synthesis has taken place 
in the root and the product was then translocate 
to overground plant parts It is important to note 
that where the larger amounts of alkaloid were 
prespnf jjj root, greater amounts of 7-aminobutyric 
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Tahde X — Total Alkaloids of Belladonna/Gm of Dry Tissue" 



— 




— 




» • XT ..... . 



5 


10 


15 

20 

25 30 

5 

20 

30 

Leaf 


1 61 


1 73 


1 45 

1 58 1 

67 1 66 

1 86 

1 53 

1 57 

Stem 


1 06 


0 91 


1 10 

1 05 1 

14 1 48 

1.34 

1 16 

1 23 

Root 


3 04 


1 76 


2 52 

2 90 3 

09 2 50 

2 86 

4 02 

3 90 

Flowers 


1 16 


1 26 


1 50 

1 60 1 

64 1 97 

1 30 

1 46 

1 68 

Total plant, av. mg /Gm 

1 72 


1 41 


1 64 

1 78 1 

88 1 90 

1 84 

2 04 

2 09 

^ FiRureb are mg of total alkaloids 











Table XI — 

-Absolute Amounts op Total Alkaloids" 




5 


10 


15 20 

25 

30 

5 

20 

30 

Leaf 5 54 


7 27 


9 18 


11 57 

10 05 

10 72 

5 65 

11 38 

12 14 

Stem 6 19 


7 67 


9 27 


9 69 

9 25 

11 78 

6 86 

12 13 

14 02 

Root 9 42 


6 54 


9 00 


11 36 

10 41 

9 13 

10 55 

16 00 

16 65 

Flowers 1 02 


1 64 


2 10 


2 53 

2 16 

2 42 

1 30 

2 66 

4.03 

Total plant 22 80 


24 08 

29,55 


35 15 

31 87 

34 05 

24 36 

42 17 

46 84 

“ Figures are rag of total alkaloids per plant part 







Table XII — Total 

Nitrogen in the Nitrogenous Fractions op the 

Leaf, Stem, and 

Root of 





Atropa belladonna L “ 

















mg Equiv N/L 

5 

. 10 

15 

20 

25 

30 

' 5 

20 

30 

Nitrate (nitrogen) 

2 

so 4 

77 

11 

06 

19 40 

26 29 

32 95 

2 52 

11 15 

9 61 

Nitrite (nitrogen) 











4 69 

Ammonia (nitrogen) 


2 

71 

3 

36 

7 07 

10 23 

11 41 


11 84 

15 39 

Amide (nitrogen) 

1 

74 23 

89 

41 

25 

40 32 

42 67 

41 93 

2 61 

100 85 

175 29 

Soluble amino acid 












(nitrogen) 

11 

05 36 

99 

52 

22 

54 82 

64 79 

65 91 

10 23 

130 60 

208 32 

Protein (nitrogen) 

62 

96 11 

85 

216 

99 

177 61 

235 23 

269 24 

86 81 

277 35 

355 20 

Alkaloid (nitrogen) 

0 

87 0 

99 

1 

30 

1 56 

1 40 

1 51 

1 11 

1 90 

2 04 

Total mg of N 












fractions 

77 

38 157 

31 

284 

93 

260 46 

337 96 

381 02 

100 67 

432 84 

595 25 

Total N by Kjeldahl 173 

00 279 

00 

373 

70 

451 70 

528 00 

547 00 

161 00 

515 00 

665 00 

Total nitrogen fur- 












nished per plant 192 

00 385 

00 

578 

50 

770 00 

962 00 

1 , 130 00 

192 00 

770 00 1, 

130 00 

Total nitrogen re- 












maining in solu- 












tion after growth 












period 

0 

00 0 

00 

150 

00 

250 61 

312 50 

525 00 

0 00 

180 00 

400 00 


" Numbers are total mg of nitrogen as the fraction listed per plant, mean of 12 plants. 


acid and smaller amounts of proline were present in 
the soluble nitrogen fractions than that found in the 
other plant parts 

Interrelation of the Nitrogen Fractions. — The 
nitrogenous compounds that tend to increase with 
increasing nitrate source are nitrate, ammonia, 
and free amino acids (Table XII ) Those that tend 
to decrease are amides, protein, and alkaloids With 
NH3-NO3 supplied plants, nitrate decreased but 
there was a marked increase of free amino acids 
The percentage of protein and greatlj' increased 
percentage of free amino acids indicates that at a high 
ammonia supply the amino acids were not rapidly 
combined into protein and therefore accumulated 
as free compounds 

DISCUSSION 

At the close of the growth experiments Kjeldahl 
determinations were made on the nutrient solutions 
to determine the amount of nitrogen present (Table 
XII) At the lower levels all of the nitrogen had 
been taken up by the plant From 15 rag equiv 
of nitrogen, progressively larger amounts were still 
present and available The summation of the 


various fractions did not equal the total nitrogen 
determined by the Kjeldahl metliod because the 
fractions determined uere not exhaustive and, to an 
extent, overlapped Because of the small amount 
of tissue available the nitrogenous fractions of 
flowers were not determined 

Ammonia taken in by the roots was metabolized 
directly but at the higher levels was also accumu- 
lated This was almost entirely in the stem The 
only places where NOo was detected in tissue was in 
the root, where small amounts were present, and 
in the stems where larger amounts were observed 
These were produced in plants furnished the highest 
NH5-NO3 level The larger amount of NH3 alreadj' 
present in tissue probably hindered the conversion 
of KO2 to NHs, causing it to accumulate under these 
conditions 

The major amino acids occurring in most plant 
parts included aspartic acid and its amide, aspar- 
agine, glutamic acid and its amide, glutamine, and 
7 -aminobutyric acid, which is thought to be formed 
by decarboxylation from glutamic acid. Variation 
among these compounds accounted for the majority 
of the changes in the soluble nitrogen fraction. 
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In leaf and root all « ere present except asparagine 
on nitrate nutrition, uhercas in stem, asparagine 
was present at all levels of both sources of nitrogen 
Levitt (8) has indicated that while glutamine is 
generalh associated with processes invohing sjii* 
thesis, asparagine appears to be related to lu droh sis 
of protein and storage of soluble nitrogen Aspara- 
gine, which was present on NH3-KO3 nutrition, 
has been described as a method of rendering high 
tissue concentration of NHj innocuous 

Prohne was present geticrallj 111 1 irge amounts 111 
leaf and stem tissue under all nitrogen levels, and 
accumulated in roots where the alkaloid concentra- 
tion declined It appears reasonable that prohne 
could be linked with an o\idi/ed dic.irbo\j he acid 
fraction to produce the tropane nucleus The fact 
that free prohne was present in roots onlj at the 
high nitrogen concentration and where alkaloid 
sjnthcsis was low, or curtailed, would indicate that 
the prohne was used m sintlicsis at lower nitrogen 
concentrations, and some unexplained cause was 
responsible for the blocking of this sxuthesis at 
higher nitrogen levels with a consequent accumula- 
tion of prohne Hj droxj prohne was present 111 the 
root protein in quantity where prohne concentration 
increased The reactions bj w Inch prohne could be 
used in the sjnthesis of hjosej amine might also be 
the same for the conversion of hj droxj prohne into 
scopolamine, which is also present From the 
data it would appear that the 7-aiiiinobutj ric acid 
might serve as one possible precursor of the alkaloid 
since Its concentration decreased as alkaloid in- 
creased, and Mce lersa The function of 7 ammo 
butvric acid is probabh a raw material for car- 
boxj lation and oxidation reactions 111 the production 
of a tropane nucleus James ( 0 ) indicated that the 
7 t\pe ammo nitrogen compound is ellectixe in 
alkaloid sj nthesis 

The composition of the plant proteins was much 
less subject to variation with nutritional treatment 
than alls of the nitrogenous fractions Since protein 
IS a product of metabolic processes rather than an 
intermediate, it is to be expected that its degree of 
stabilitj' would be much greater The largest 
fraction of leaf and stem protein was aspartic acid, 
which reached a ratio of 3 1 oxer glutamic acid at 
high nitrogen levels, indic iting that the belladonna 
plant prefers the four carbon dicarboxx he acids in its 
metabolism in preference to the fixe carbon acids 
stemming from glutamic acid At all levels of 
NH3 the plant produced more protein than compar- 
able plants furnished nitrate The adxantage 
gained bj furnishing the plant a reduced form of 
nitrogen appears to have its effect up to and includ- 
ing the sjmthesis of protein The small amount of 
stem protein (one-tenth that of leaf) is explained in 
the fact that the majoritx' of stem is composed of 
vascular and structural elements It is reasonable 
that the high per cent of soluble nitrogen found in 
stem was present in these conducting elements — 
products of leaf and root sxmthesis in the process 
of translocation The protein of the root xvas similar 
in composition to that of the leaf but in smaller 
amount 

The SJ nthesis of alkaloid does not appear directlx 
related to the concentration of simple nitrogenous 
sources The assumption that alkaloid is sx ii- 
thesized in root was x’erificd bx its high concen- 
tration 111 root at all nitrogen lex els It is surprising 


that m the translocation to overground parts, the 
relative amount present in leaf is greater than that 
in stem This max be partiallj explained bx the 
fact that ineristciiiatic tissue tends to hold a high 
coiiceiitration of alkaloid The alkaloid concentra- \ 
tioii III the flower buds was relativelj high, further ' 
indicating absorption at points of high metabolic 
activitj The loxx concentration m stem is a result 
of fiillx dilTcrentiatcd conducting tissue and the 
small amount of matured storage tissue composing 
It 

Scxcral xxorkers, James (')), Cromwell ( 10 ), and 
Lecte, Marion, and Spencer ( 11 ), hax’C hj'pothesized 
the use of arginine and ornithine in the sj nthesis ol 
belladoniin alk.iloids The fact that neither of these 
compounds was detected chromatographicalh 
indicates that their importance in direct sx nthesis 
must be a minor one The introduction of e\og 
ciious oniithine in excised leaf or root tissue with a 
consequent occurrence in alkaloid did not demon 
stratc the path of sx nthesis cmplojed m the intact 
plant Elucidation of the actual pathxxax of sin 
the«is must be dLiiionstrated with a complete sj stem 
that IS not subject to drastic external constraints on 
normal eqliihbri 1 

Certaiiilj demonstration of the roles that prohne, 
hjdroxx prohne. and 7 aniinobutx ric acid plax in 
the sx nthesis of the belladonna alkaloids is irell 
worth further stiidj along this line 

SUMMARY 

Belladonna plants grown on six lex’els of ^ 
nitrate and three levels of NH3 NO3 were har 
Jested and the following determinations were 
made on each plant part nitrate, nitrite, 
ammonia, amides, free ammo acids, protein 
(folloxxing hx droh sis), alkaloids, and total 
nitrogen 

1 There xxas a regular progression of NOi 
concentration m the tissue xxith increasing NOs 
supplied, extending to the point of accumulation 
far bej ond the tissue requirements The same 
thing applied to ammonia in a lesser degree onlx 
at high lej'els of NII3 NO3 supply 

2 Nitrite xxas detected m tissue onlv at 
highest lex els of NH3 NO3 indicating its transient 
condition m nitrogen sxmthesis 

3 The concentration of NH3 m tissue was 
much less than that of NO3 and xxas confined in 
quantity to the stem 

4 The amides xxere present at high levels of 

NO3 and NH3 NOj and amounted in the stem to 
four times the quantitxmn leaf and/or root '■ 

5 Tile free amino acids amounted to one- 
tenth or more of the total nitrogen present ^ 
The folloxving compounds were shoxxm to be 
present at least in one plant part cysteic acid, 
aspartic acid, glutamic acid, serine, glycmc, 
asparagine, threonine, alanine, glutamine, prohne 

j ahne, leucine, iihenjdalanine, tyrosine, ^ alanine, 

7 aminobutj ric acid, and hj droxj prohne 
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The largest proportion of these compounds is 
composed of aspartic acid and its amide aspara- 
gine, glutamic acid and its amide glutamine, 
/ 7 -aminobutyric acid, which is assumed to be 
made from glutamic acid b}' decarboxylation, 
and finally proline. 

G. The NH3-NO3 source stimulated greater 
formation of the 5-carbon dicarboxjdic acids 
(glutamic and its relatives), while the NO 3 
source stimulated greater production of the 4- 
carbon acids (aspartic and its relatives) , 

7. The protein fraction was b}' far the largest, 
amounting to one-half or more of the total 
nitrogen. Its composition was fairl)’' constant, 
being the result of metabolism rather than active 
metabolites. The protein of leaf and root was 
similar in composition and markedly different 
from stem, which served mainly as a storehouse 
of soluble nitrogen. 

8 . The alkaloid concentration was greatest in 
root on the NH3-NO3 source, and coincided with 
small amounts of both free and combined proline. 
A possible mechanism whereby proline might 
be used in alkaloid synthesis is suggested. The 
relative concentration of alkaloid in leaf and 
flowers was substantial!}' higher than that of 
stem, suggesting a number of problems involving 
its translocation. 


9. Associated with the large amounts of 
alkaloid in roots are extreinelv large amounts of 
7 -aminobutvric acid, which could well fill the 
role of a 7 semialdehyde as postulated by Vogel 
and Bonner (12) to be a precursor of alkaloid. 

10 The rate of S 3 ’nthesis of nitrogenous 
fractions indicates protein and alkaloid are 
both products of a soluble nitrogen pool and are 
not directly interrelated in their synthesis or 
hydrolysis The specific compounds mentioned; 
proline, hydroxyproline, and 7 -aminobutyric acid, 
appear to be involved in the synthesis of alkaloid 
more than the majority of the free amino acids 
which are largely involved in protein s}'nthesis 
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Preparation of l-Alkyl-2,5-piperazinediones^ 

By WILLIAM O. FOYE and DOUGLAS H. KAYf 


General methods for the preparation of l-alky!-2,5-piperazinediones were found in 
the cyclization of N-alkylglycylglycines and the alkylation of the sodium salt of 
l-acetyl-2,5-piperazinedione. l-Methyl-2,5-piperazinedione showed significant 

antispasmodic activity. 


ITTLE INFORMATION has been reported on the 
biological activity of 2,5-piperazinediones. 
Martinez ( 1 ) has reported that prior injection of 
2,5-piperaztnedione protected rats from diabetes 
caused by alloxan, and the growth of the embryo 
/ chick heart was reported to be favored by 2,5- 
piperazinedione (2). Fischer (3) has reported 
\ that 2,5-piperazinedione showed no anti- 
bacterial activity against Staphylococcus 
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aureus, but 3-methylene-2,5-piperazinedione 
showed good activity w this organism, hliura 
(4) found only a slight bacteriostatic effect 
against Trichophyton gypseum by 2,5-piperazine- 
dione, but the 3,6-dimethyl derivative was syner- 
gistic with sulfanilamide against Escherichia coli. 
More recently, de Jongh (5) investigated a series 
of N,N'-substituted 2,5- and 2,6-piperazine- 
diones and found marked central nervous system 
depressant action as well as some tranquilizing 
and antispasmodic activity in some of the com- 
pounds. 

Since a number of oxygenated heterocyclcs 
have shown antispasmodic effects, it was con- 



706 


JOUI^NAL or THE AMERICAN PlIARMACLUTlLAE ASSOCIATION 


Vol 49, No 11 


sidered that 2 5 piperazinedione derivatives might 
be worth while to examine for antispasmodic as 
well as other pharmacological effects It was 
decided to prepare 1 alkyl 2,5 piperazmediones, 
since derivatives of this type m the piperazine 
series have shown a variety of pharmacological 
activities With the exception of 1 methyl 2,5 
piperazinedione, prepared by Chase and Downes 
(6) by cyclization of sarcosylglycme, no com 
pounds of this type were found m the literature 
A general method of preparation for 1 alkyl 2,5 
piperazmediones was therefore investigated 

METHOD 

The use of several common aci kiting agents as 
possible blocking groups for one of the piperazine 
dione nitrogens was found unsuccessful m proeiding 
a reasonablj stable monoac}! derivative of 2,5 
piperazinedione Treatment of 2,5 piperazinedione 
n ith ethj 1 chlorocarbonatc, for instance, resulted 
in ring cleavage, and ghcjlgljcine li\ drochloride 
was obtained Reactions ivitli benzenestilfon} 1 
chloride and etlianesulfonj 1 chloride also resulted 
in ring cleavage Reaction n ith mj ristoj 1 chloride, 
however, gave both 1 mvnstojl and 1,4 diinvris 
to} 1 2,5 piperazinedione, \i Inch w ere easilv 
separated Treatment of 1 m}risto\ 1 2,5 pipera- 
zinedione with meth}l iodide did not give the 
desired 4meth}l derivative, but instead, 1,4 di 
m}risto} 1 2,6 piperazinedione was produced Re- 
action of the lm}risto}l derivative with dieth}! 
sulfate, however, gave 1,4 dietln 1 2,5 piperazine 
dione, and reaction with benzencsulfoin 1 chloride 
likewise gave the 1,4 dibenzcnesulfonv 1 derivative 

1 Acet} 1 2,5 piperazinedione was obtained b} a 
modification of Petrova’s procedure (7) using an 
evchange reaction between the 1,4 diacetvl dcriva 
tive and isoprop}lamine The monoacet}! deriva 
tive was found to melt at 186 188°, but was shown 
b} mixed melting point to differ from acctilgl}c}l 
gl}cine, reported b} Fischer (8) to melt at 187-189° 
Furthermore, preparation of the acet} Idipeptide 
b} Fischer’s procedure (8) gave a product melting 
at 191-192° Reaction of 1 acet} I 2,5 piperazine 
dione w ith ac} lating and alkv lating agents gencrall} 
resulted in ring opening, however B} first forming 
the sodium salt of 1 acet} 1 2,5 piperazinedione in 
absolute methanol, alk} lation was successful, and 
1 acet}l 4 ineth}! 2,5 piperazinedione was obtained 
m good V leld from reaction w ith meth} 1 iodide 
The acetyl group was readilv' removed b} treatment 
with isoprop} lamine, and the resulting 1 methyl 
2,5 piperazinedione was identical with that obtained 
by the procedure of Chase (6) Th's sequence of 
reactions, I, indicated that the method of Chase 
gave a cyclic product rather than an open chain 
peptide Some doubt about the cyclization existed 
because of the ease of hy droly sis of 2,5 piperazine 
diones to peptides (9) as well as the similarity m 
melting points between 2,5 piperazmediones and 
their corresponding dipeptides in some cases 

A method resembling the cyclization procedure 
of Chase was found to be suitable for the preparation 
of 1 alky 1 2,5 piperazmediones and more convenient 
than the use of the sodium salt of 1 acety 1 2,5 pipera- 
zinedione This method was based on the obser- 
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ration of Fisher and Fourneau (10) that ethil 
ghcvlghcmate is readiK cvchzed m alcoholic am 
inonia to 2,5 piperazinedione According!!, ethil 
glycvlghcmate was alkvhted using methyl iodide, 
and the resulting N niethvl derivative was treated 
with drv ammonia to give the corresponding amide 
rather than the expected ring closure Direct 
alkv lation of glv cv Iglv cine was not attempted 
because of the insolubilitv of this compound in the 
common organic solvents It was also necessan 
to neutralize the glv cv Iglv cine hv drochloride and 
convert it to anhvdrous glv cv Iglv cine in order to 
isolate etlivl glv cv Iglv cine hv drochloride, which 
IS soluble ill the presence of water In addition 
even traces of moisture prevent the erv stalhzation 
of elhvi glycylglvcme hv drochloride Cyclization 
took place when the amide was refluxed in ethylene 
glycol Several 1 alkv I 2,5 piperazmediones were 
prepared either by this method or that of Chase 
(6), illustrated by the preparation of 1 ethyl 2,5 
piperazinedione, and their physical properties are 
listed 111 Table II The corresponding properties 
of the intermediate N alkv Igly cv Igly ernes appear 
in Table I 

Pharmacological Results — Tests earned out hv 
Dr Howard J Jenkins of the department of Bio 
logical Sciences on 1 methy 1 2,5 piperazinedione 
showed this compound to have marked antispas 
modic action on the rabbit ileum Further pharm 
acological determinations will be reported 

EXPERIMENTAL' 

\ 

Melting points were taken on a Fisher Johns 
block and are uncorrected , 

1-Myristoyl- and l,4-Dimyristoyl-2,S-piperazme- / 

dione — To 90 cc of dimethy Itormamide was 
added 5 7 Gm (0 05 mole) of 2,5 piperazinedione, 
prepared by the procedure of Sannie (ll)i at"* 
mixture was heated at 90° until most of the 2,5- 
piperazinedione was dissolved Myristoyl chloride 

1 Analyses were done by Weller and Strauss Oxford 
En{,lnd or by Carol IC Fitz Needham Mass 
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Tadi.e I — N-Ai-kylglycylglycines: RNHCHjCONHCHjCOjH 


•Analyses- 


R 

M P . 

°C 

Purification 

Sol\cnt 

Yield 

7 , 

Formula 

--- — Carbon 
Calcd 

% 

Found 

/ — Hydroge 
Calcd 

n 

Found 

CiHs 

200-202 

95% Ethanol 

79 

CfH,2K,0, HiO 

40 44 

40 88 

7 92 

8 13 

i-CiH, 

213-215 

95% Ethanol 

72 


48 26 

48 53 

8 10 

7 82 

cyclo-CcHii 

21I-2I3 

95% Ethanol 

27 

CioHisN.O, 

56 05 

55.84 

8 46 

8 41 

CeHsCH, 

208-210 

Abs ethanol 

21 

C„H„N ,03 

59 44 

60 02 

6 34 

5 97 


o 

/ 

Table II — 1-Alkyl-2,5-piperazinediones: R — N 

\ 



•Analyses- 



M P 

Punfication 

Yield, 


/• Carbon 

% ■ 

e — Hydrogen, % — ' 

R 

°C 

SoUent 

% 

Formula 

Calcd 

Found 

Calcd 

Found 

C.Hs 

172-173 

Abs ethanol 

48 

CeHinN.O. 

50 69 

50 60 

7 09 

7 10 

i-C,H, 

198-200 

95% Ethanol 

38 

C7Hi,N-Oi 

53 83 

53 70 

7 74 

7 60 

cvclo-CcHii 

218-219 

95% Ethanol 

25 

C.oHicNiO: 

61 21 

60 70 

8 22 

8 10 

CeHsCH. 

218-220 

95% Ethanol 

50 

C„H,,K,0. 

64 72 

64 70 

5 93 

6 00 


(10 9 Gm , 0 05 mole, Eastman Organic Chemicals) 
nas then added, and heating was continued for ten 
minutes with stirring The hot reaction mixture 
uas filtered and about 0 5 Gm of piperazmedione 
was recovered The filtrate was placed in the 
refrigerator and after two hours was filtered A 
yellow-green solid was obtained which was extracted 
with a total of 40 cc of hot benzene About 0 6 
Gm of 2,5-piperazinedione was obtained from the 
benzene-insoluble material The hot benzene solu- 
tion was decolorized with charcoal and concentrated, 
and 1 6 Gm (9%) of l-m5'ristoyl-2,5-piperazine- 
dione was obtained after recrystallization from 
acetone, m p 145-146° 

Anal— Calcd for CisHasNiOr C, 66 62, H, 

9 94 Found: C, 66 56; H, 9 83 

The filtrate from the reaction mixture was 
evaporated to dryness tn vacuo, and the resulting 
solid was extracted with hot acetone The acetone 
solution was decolorized with charcoal and allowed 
to evaporate Recrystallization of the resulting 
solid from ether gave 3 6 Gm (13%) of 1.4-di- 
myristoyI-2,5-piperazinedione which melted at 34- 
36° This compound is hygroscopic 

Ana/— Calcd for CsjHosNjOi: C, 7185, H, 

10 93 Found: C, 72 02, H, 12 01 

Reaclion of l-Myristoyl-2,5-ptperazincdionc with 
Methyl Iodide — A mixture of 2 4 Gm (0 007 mole) 
of l-myristoyl-2,5-piperazinedione, 75 cc of an- 
hydrous benzene, and 1 1 Gm (0 007 mole) of 
methyl iodide was refluxed at 80° for four hours 
The solution was cooled and 0 4 Gm of 2,5-piper- 
azinedione was recovered The remaining solution 
was evaporated m lactio to a volume of about 5 
/ cc , and 1 4 Gm of 1,4 dimyristoyl-2,5-piperazine- 
dione was obtained, m p 36-38° 

Reaction of l-Mynstoyl-2,5-pipcrazincdionc with 
y Diethyl Sulfate — A mixture of 30 cc of benzene, 
30 cc of 2% aqueous sodium hydroxide solution, 
0 3 Gm (0 001 mole) of l-myristo>l-2,5-piperazine- 
dione, and 0 07 Gm (0 0005 mole) of diethyl sulfate 
was refluxed gently for two hours A few drops of 
n-octanol prevented foaming After cooling to room 
temperature the mixture w as filtered The resulting 


solid was washed with hot water and hot benzene 
and then extracted with hot acetone to remove 
unreacted l-myristojd-2,5-piperazinedione The re- 
maining solid was recrystallized from 95% ethanol, 
and approximately 0 15 Gm of crystals were ob- 
tained which melted at 192-19'4° Elemental 
analysis indicated the product to be l,4-diethyl-2,5- 
piperazinedione , a reported m p for this com- 
pound is 129° (12) 

Ana/— Calcd for CsHnNjOi' C, 56 51, H, 
8 32 Found: C, 56 60, H, 9 01 

Reaction of l-Myrisloyl-2,5-piperazinedxone with 
Benzenesulfonyl Chloride — A mixture of 1 25 Gm 
(0 004 mole) of l-myristoj’l-2,5-piperazinedione, 
0 68 Gm (0 004 mole) of benzenesulfonyl chloride, 
and 75 cc of water (with a few drops of sodium 
hydroxide solution to bring the pH to 8) was shaken 
for two hours Additional alkali was added during 
this period to maintain a pH of 8 The mixture 
was then filtered, and unreacted l-myristoyl-2,5- 
piperazinedione was recovered The filtrate was 
evaporated to drjmess in vacuo, and the resulting 
solid was extracted ivith hot absolute ethanol in a 
Soxhlet apparatus for twenty-four hours. The 
extract was concentrated to about 20 cc , and 0 2 
Gm of white, crystalline materia! was isolated; 
m p 295-300° (with decomposition) Elemental 
analysis indicated it to be 1,4-dibenzylenesulfonyl- 
2,5-piperazinedione 

Ana/— Calcd for CioHnNiObS- : S, 16 24 

Found S, 15 98 

Preparation of l-Methyl-2,S-piperazinedione from 
l-Acetyl-2,5-piperazinedione. — Fifty cubic centi- 
meters of absolute methanol was treated with 0 6 
Gm (0 026 mole) of sodium, and when solution 
was complete, 4 Gm (0 026 mole) of l-acetyl-2,5- 
piperazinedione (7) was added. The reaction 
mixture nas refluxed for one minute on a water 
bath, 115 Gm (0 08 mole) of methyl iodide was 
added, and the mixture was refluxed for five hours 
The solvent was then removed in vacuo and a thick 
syrup was obtained which was taken up in 35 cc 
of anhydrous chloroform Addition of 2 cc of 
isopropylaminc gave a precipitate of sodium io- 
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dide which w,is filU'icd Hthcr, 20 cc , was added 
to the filtrate, which w'as then allowed to stand at 
room temperature for three days with occasional 
shaking The resulting solid was isolated, washed 
w itli warm ether, and recrystallizcd from 2-propanol 
About 1 8 Gm (55%) of product was obtained 
which melted at 142-143°, which agrees with the 
reported \alue for l-niethyl-2,5-piperazinedione 
( 6 ) 

Preparation of l-Methyl-2,5-piperazinedione from 
Glycylglycine. — Glycylglyaiir — Twcnt\ grams (0 11 
mole) of gl\ ci'lglycnie h\ drochlondc monohydrate, 
prepared by the procedure of Fischer and Foiirncau 
(10), in 40 cc of water was treated with 10 Gni 
(0 11 mole) of sodium bicarbonate The solution 
was evaporated to drvness in lacuo, and the residue 
was dissolved in a minimum amount of hot water 
The solution was cooled and 50 cc of acetone was 
added After the solution was stirred vigorously 
for several minutes. 20 cc of absolute cth.inol was 
.aided, and a solid separated after fifteen niniutes 
more of stirring The product was filtered and 
w.ished with hot 95% ethanol A } leld of 1.3 Gin 
was obtained, the in p was 2G0-2G1°, with de- 
composition, which agrees with the reported value 
for gheylgheme (10) 

Ethyl Glytylgh'ciualr Hydrochlnndc ■ — Dr\ lijdro- 
gen chloride was bubbled into an ice-coolcd iniMiire 
of gl\ c\ Igh cine (12 0 Gm , 0 09 mole) and 2.50 cc 
of absolute etlianol for one hour 'I'hc nmture was 
refluxed on a water bath for five minutes and 
filtered After being cooled, the filtrate yielded 
9 5 Gm of product which melted at 181-182°, 
which agrees w-ith the reported value (10) 

Ethyl Glycylglyanatc — The procedure of Fischer 
and Fourneau (10) was used From the previous 
product was obtained 4 5 Gm of ethyl glycylgly- 
cinate which melted at 89-90°, the reported value 
( 10 ) 

1-MethyI 2,5-piperazincdioiic — A solution of 4 0 
Gm (0 025 mole) of ethyl glycvlglycinatc, 30 cc 
of aiihjdrous chloroform, and 3 G Gm (0 025 mole) 
of methyl iodide was refluxed for thirty minutes 
The reaction mixture was filtered, and about 0 25 
Gm of 2,5-piperazmedionc was obtained The 
filtrate was evaporated in vacuo to a thick syrup 
which was taken up m 40 cc of warm isopropyl 
.ilcohol Dry ammonia was then passed into the 
ice-cooled mixture for one hour The mixture was 
w-armed on a water bath for ten minutes, cooled, 
.ind resaturated with dry ammonia After standing 
■it room temperature overnight, the mixture was 
filtered, and the residue was washed free of iodide 
ion with hot 95% ethanol About 1 4 Gm of com- 
pound was obtained which decomposed at 280°. 


This compound w.is refluxed in ethjleric ghcnl 
for one hour, and ammoiiia was libtrattd After 
removal of the solvent in vacuo, crystals were ob- 
tained oil cooling the resulting sj-rup The product 
was rccristallizcd from isopropyl alcohol and 0 6 
Gm (19%) was obtained The in p was 142-143°, 
the value reported for l-methvI-2,5-pipcrazincdione 
(0) 

N-Ethylglycylglycine Monohydrate. — A solution 
of 5 0 Gm (0 032 mole) of chloroacetylglycine, 
prepared by the procedure of Levene, el al (1.3), 
and 30 cc of w.itci was placed in an ice bath and 
treated slowdy with 14 cc (0 22 mole) of H)% 
aqueous clhil.imirie solution with constant shaking 
'file solution w.is then allowed to stand for two 
days at room temperature, and ivas evaporated in 
vacua to a tliick syrup The sirup was heated 
on a water bath with 100 cc of absolute eth.anol, 
and cr) stallization began within fifteen minutes 
After the mix'ture was cooled, 4 5 Gm of product 
W.IS obtained which w.is washed with liot 
ethanol, m p 200-202°. 

/Dm/— Caled for CcHiiNjOj H=0- C, 40 44, 
H, 7 92 Found C, 40 88; H, 8 13 

l-Ethyl-2,5-piperazinedione. — A mixture of 4 0 
Gm (0 022 mole) of N-ethylgI\cyIgl}cine mono 
Indrate and 30 cc of ethylene glycol was refluxed 
for tliirtv nimntcs Tlie mixture was ex-aporated 
in vacuo to a tliick s_x riip wdiicli solidified on cooling 
The residue w.is t.iken up in 75 cc of hot absolute 
ethanol and decolorized with charcoal The solu- 
tion W.IS then concentrated to approxiniatelv half 
its original volume and cooled A xield of 1 5 Gm 
of l-cthyl-2,5-pipcrazincdione was obtained which 
melted at 172-173° 

/l;m/— Calcd for CcH.oKjO..: C, .50 09, H, 
7 09 Found: C, .50 0; H, 7.1. 
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Isotonic Solutions XI ^ 


The Permeability of Red Corpuscles to Various Sympathomimetic 
Amine Salts and Phenothiazine Derivatives 

By EDWARD P. WINTERSf and WILLIAM J. HUSA 


The effects of various sympathomimetic amine salts and phenothiazine derivatives in 
preventing hemolysis of human erythrocytes were studied. In some instances rabbit 
erythrocytes were used. The results indicated that in solutions of increasing con- 
centrations of sympathomimetic amine salts, hemolysis initially decreased, then 
abruptly increased, followed by a second greater decrease and increase. In the pres- 
ence of 0.6 per cent sodium chloride there was no hemolysis until a certain concen- 
tration of sympathomimetic amine salt was reached, which closely coincided with 
the concentration of the same drug that resulted in the final increase in hemolysis 
when sodium chloride was not present. Freezing point depressions and pH values 
of the compounds employed in the hemolytic method were determined. The com- 
pounds were tested for reactions with human serum and oxyhemoglobin. The pheno- 
thiazine derivatives tested were found to be unsuited for investigation by the hemo- 
lytic method. 


"Previous investigators (1-S) have einpha- 
sized the importance of utilizing the hemo- 
lytic method as a means of determining whether 
or not a solution calculated to be isotonic with 
the blood from physicochemical data is truly iso- 
tonic in the biological sense. It was noted that 
the osmotic pressure of a solute on the erythro- 
cyte membrane depended not only on the number 
of solute particles in solution, but also upon 
whether or not the cell membrane was penetrated 
by these particles, 

In the present investigation, different concen- 
trations of various sjunpathomimetic amine salts 
and phenothiazine derivatives were tested in an 
attempt to evaluate their effect on red blood cells 
with respect to the prevention of hemolysis. 
The presence of 0.6 per cent sodium chloride gave 
indication of the effect of the smpathomimetic 
amine compounds upon er 3 ffhrocytes when the 
sodium chloride concentration, in itself, was 
sufficient to prevent osmotic hemolysis. 

EXPERIMENTAL 

Collection of Blood. — The method of obtaining 
blood in the present investigation was the same as 
previously described by Husa and co-workers (2, 3). 
The blood was drawn mainly from the veins of the 
arms of a thirty-two year old rvhite male and 
occasionally from white volunteers. 

Preparation of Solutions, — The solutions utilized 
in the present investigation were prepared in the 
same manner as previously described by other 
workers (2, 3). 

* Received December 17, ig,S9. from the College of Phar- 
macy, University of Florida, Gainesville. 

This paper is based in part upon a dissertation presented 
by Edward P. Winters to the Graduate Council of the Uni- 
versity of Florida, in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. 

^ t Fellow of the American Foundation for Pharmaceutical 
Education, 1958-1959. Present address: Abbott Labora- 
tories North Chicaga, 111. 


Quantitative Determination of Per Cent Hemol- 
ysis. — Determinations of hemolytic i values were 
made in the same manner as previously described by 
Grosicki and Husa (2) and Easterly and Husa (3). 

Determination of pH Values. — A Fisher titrini- 
eter. No. 9-311 A, equipped with calomel and glass 
electrodes, was utilized in all determinations of pH 
values. 

Determination of Precipitation on Mixing Com- 
pounds with Oxyhemoglobin. — One per cent solu- 
tions of each compound were separately mixed with 
equal portions of oxyhemoglobin solutions prepared 
bj’ laking human erythrocytes which had been 
previously washed in saline solution. The mixtures 
of the experimental compounds and oxyhemoglobin 
were allowed to stand in a water bath for forty-five 
minutes at 37°, centrifuged for three minutes at 
approximately 2,000 r. p. m., and observed for evi- 
dence of precipitation. Any precipitate ivould re- 
sult in colorimetric readings lower than those which 
would ordinarilj- be obtained from the amount of 
oxyhemoglobin actually released from the erythro- 
cytes. 

Determination of Precipitation on Mixing Com- 
pounds with Serum. — Serum was separated from 
human erythrocytes by centrifugation as above and 
added in like portions to 1% solutions of each com- 
pound. The mixtures were observed for forty-five 
minutes, during which time they were in a water 
bath at 37°. 

Determination of Freezing Point Depression. — 
The apparatus used to determine the freezing point 
depressions, unless otherwise indicated, was that of 
Bartley (9) as modified by Husa and Adams (1). 
The freezing point depressions of various concen- 
trations of amphetamine sulfate solutions were 
determined since results with this compound ex- 
hibited great fluctuations in the degree of hemolysis. 

Chemicals. — The chemicals employed in the 
present investigation were generously donated by 
their manufacturers; amphetamine sulfate, dextro- 
amphetamine sulfate, hydroxyamphetamine hydro- 
bromide, chlorpromazine hydrochloride, prochlor- 
perazine ethanedisulfonate, trifluoperazine dihy- 
drochloride, and triraeprazine tartrate bj' Smith 
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Kline and French Labor itoncs, pheiimctrarinc 
hydrochloride bj Geigy Ph irinaccuUcal Co , 
raethow phenamine hjdrochloride bv Upjohn Co, 
mephenterminc sulfate by Wjcth Laboratories 

RESULTS 

Results of Hemolytic Determinations — The 
sympathomimetic amine salts emploj ed did not 
give the usual sigmoid curve (see Fig 1) commonlj 
obtained bj this method uitli other compounds 
Hemoljsis m the presence of the s\ mpathornimctic 
amine salts generally approached 100% m the loner 
concentrations, decreased as the drug concentration 
increased, then exhibited an abrupt increase in 
hemohsis again, onlj to be followed br a second dc 
crease, which generallj assumed the approximate 
proportions of a sigmoid curve (see Figs 2, 4, 5, G, 
7) This second decrease m heinolvsis was usuallj 
follow ed bj a sharp increase E ich hemolv sis curv c 
shown was obtained from results with one blood 
sample and is representativ e of other curv es of the 
same compound m different blood samples 

Results with dextro amphetamine sulfate m both 
human and rabbit blood were verj similar to those 
obtained using amphetamine sulfate m human blood 

Peculiar changes m hemoljsis have been found 
with other compounds to a lesser degree bj previous 
investigators (10, 11, 12) and hcmoljtic i values 
were calculated either bv using onlv that part of the 
curve that was sigmoid and covered the greitcst 
range of hemolv sis, or bj averaging the concentra 
tions of the compound where the curve crossed the 
points of 25, 50, and 75% hemolv sis more than once 
In the present mv'estigation, the former procedure 
was performed when possible These hcmoljtic t 
values are compared in Table I with values of t ob- 
tained from the freezing point depressions of some 
of the compounds 

In the presence of 0 6% sodium chloride the con 



PER CENT SODIUM CHLORIDE 

Fig 1 — ^Tjpical curve resulting from hemohsis 
of human erv throcjdes m sodium chloride solutions 
of various concentrations 



PER CENT AMPHETAMINE SULTATE 

Fig 2 — Hemohsis of human crvtlirocvtes m 
amphet mime sulfate solutions of various concen 
trations 



PER CENT AMPHETAMINE SULFATE 

Fig 3 ■ — -Hemolj sis of human erj throcj tes m 
amphetamine sulfate solutions of various concen 
trations m the presence of 0 6% sodium chloride 

centrations of the dextro amphetamine sulfate and 
hjdroxj amphetamine hjdrobromide solutions ein 
ploved exhibited no significant hemoljsis It 
important to note that with the other compounds 
tested, no significant hemoljsis occurred m the 
presence of 0 6% sodium chloride until a certain 
concentration was reached (see Figs 3, 5, 6, 7) 
Hemoljsis then increased rapidlv , frcquentlj to 
readings on the colorimeter indicating more than 
100% hemoljsis, which would present the proba 
bihtj that some reaction had occurred between the 
compound and the blood components, resulting in a 
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PER CENT HYDROXYAMPHETAMINE 
HYDROBROMIDE 

Fig. 4. — Hemolysis of human erythrocytes in 
hydroxyamphetamine hydrobromide solutions of 
s’arious concentrations. 



PER CENT METHOXYPHENAMINE 
HYDROCHLORIDE 

Fig. 6. — Hemolysis of human erythrocytes in 
various concentrations of methoxyphenamine hydro- 
chloride in ■water (solid line) and in the presence of 
0.6% sodium chloride solution (broken line). 



PER CENT MEPHENTERMINE SULFATE 

Fig. 5.- — Hemolysis of human erythrocytes in 
various concentrations of raephentermine sulfate in 
water (solid line) and in the presence of 0.6% sodium 
chloride solution (broken line). 



PER CENT PHENMETRAZINE HYDROCHLORIDE 

Fig. 7.- — Hemolysis of human erythrocytes in 
various concentrations of phenmetrazine hydro- 
chloride in water (solid line) and in the presence of 
0.6% sodium chloride solution (broken line). 


darkening of the mixture. This same concentration 
closely coincided with the final upward swing in the 
hemolysis curves of the same compounds without 
sodium chloride. 

Results of pH Determinations. — For the com- 
pounds sub'jected to the hemolytic method, the con- 
centrations chosen for pH determinations were 
tliose at which an abrupt change in the degree of 
hemolysis had occurred. Since amphetamine sul- 
fate demonstrated quite wide variations in the per- 
centage of hemolysis with small changes in drug 


concentration (see Fig. 2), a more complete series of 
pH values was determined for this compound alone 
and in the presence of 0.6% sodium chloride. 
Phenothiazine derivatives were used in concentra- 
tions of 1% for the determination of the pH of these 
compounds. Some representative pH values ob- 
tained are listed in Table II. 

The pH values of the sympathomimetic amine salt 
solutions employed ranged from 4.18 to 7.22 before 
the addition of human blood and 5.48 to 7.30 after 
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Kline and French Laboratories; plicninetrazinc 
hydrochloride by Geigy Pharnmccutical Co ; 
raethoX 5 'phenaininc hydrochloride bj' Upjohn Co ; 
mephenterminc sulfate b 5 ' Wyeth Laboratories 

RESULTS 

Results of Hemolytic Determinations. — The 
sj'mpathoraimetic amine salts employed did not 
give the usual sigmoid curve (see Fig 1) commonly 
obtained by this method with other compounds 
Hemolysis in the presence of the sympathomimetic 
amine salts generally approached 100% in the lower 
concentrations, decreased as the drug concentration 
increased, then exhibited an abrupt increase in 
hemolysis again, only to be followed by a second de- 
crease, which generally assumed the approximate 
proportions of a sigmoid curve (see Figs 2, 4, 5, G. 
7). This second decrease in hemolysis was usually 
followed b}' a sharp increase. Each hemolysis curve 
shown was obtained from results with one blood 
sample and is representative of other curves of the 
same compound in different blood samples 

Results with dextro-amphetamine sulfate in both 
human and rabbit blood were very similar to those 
obtained using amphetamine sulfate in human blood. 

Peculiar changes in hemoh’sis have been found 
with other compounds to a lesser degree by previous 
investigators (10, 11, 12) and hemolytic i values 
were calculated either by using only that part of the 
curve that was sigmoid and covered the greatest 
range of hemolysis, or by averaging the concentra- 
tions of the compound where the curve crossed the 
points of 25, SO, and 75% hemolysis more than once. 
In the present investigation, the former procedure 
was performed when possible. These hemolytic i 
values are compared in Table I with values of i ob- 
tained from the freezing point depressions of some 
of the compounds. 

In the presence of 0.6% sodium chloride the con- 



PER CENT SODIUM CHLORIDE 

Fig. 1.— Typical curve resulting from hemolysis 
of human erythrocytes in sodium chloride solutions 
of various concentrations. 



PER CENT amphetamine SULFATE 

Fig 2 — Hemolysis of human erythrocytes in 
amphetamine sulfate solutions of various concen- 
trations 



PER CENT AMPHETAMINE SULFATE 

Fig. 3. — Hemol 5 'sis of human erythrocytes in 
amphetamine sulfate solutions of various concen- 
trations in the presence of 0.6% sodium chloride. 

centrations of the dextro-amphetamine sulfate and 
hydro.xyamphetamine hydrobromide solutions em- 
ployed exhibited no significant hemolysis. It is 
important to note that with the other compounds 
tested, no significant hemol 3 ’sis occurred in the 
presence of 0.6% sodium chloride until a certain 
concentration was reached (see Figs. 3, 5, 6, 7). 
Hemolysis then increased rapidh', frequently to 
readings on the colorimeter indicating more than 
100% hemolj'sis, which would present the proba- 
bilitj' that some reaction had occurred between the 
compound and the blood components, resulting in a 
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form of membrane destruction, other than that due 
to osmotic plienomcna, would cause results different 
from those expected from purely colligative effects 

It has been shown (15) that amine hydrochlorides 
may form micellular aggregates in solution with the 
result that their solutions have less osmotic effect 
than would be expected from the concentration used. 

\'ariations in degrees of hemolysis can be partially 
explained not only on the basis of variations in 
colligative properties and membrane destruction, 
but also by variable reactions to the same com- 
pound by erythrocytes of the same blood sample 
Love (16) and Hutchinson and Bean (17) investi- 
gated the per cent hemolysis-time curves for sodium 
alkyl sulfate and found that the curves were not the 
simple sigmoid type given by saponins, butanol, or 
streptolysin The curves they obtained showed an 
initial rapid rate of hemolysis which decreased after a 
few minutes to zero, then slowly increased and con- 
tinued in a sigmoid manner. Lox’e (16) suggested 
that perhaps sodium dodecyl sulfate had both a 
protective and destructive effect Protected cells 
evidenth hemolyzed at a slower rate than normal 
cells. 

Ponder (IS) stated that cells of the same popula- 
tion would not necessarily react in a like manner to a 
given concentration of lysin Differences in mem- 
brane composition or shape would result in different 
degrees of hemolysis at a given time from two 
samples of like concentrations of lysin. 

It was further suggested by Ponder (19) that 
there may be two cell components involved in the 
resistance of an erythrocyte to hemolysis The 
first component appears to be concerned with the 
mechanical rigidity and maintenance of the special 
shape of the cell and the other concerned with the 
prevention of the outward diffusion of pigment. 
The effects which the lysin produces on the first 
component are nearly always apparent before those 
which it produces on the second. It was theorized 
that some lysins affect the first component much 
more rapidly than they do the second, whereas 
others may produce their effects on the two com- 
ponents more nearly simultaneously 

SUMMARY 

1. Increasing concentrations of sjTnpathoini- 
metic amine salts resulted in rather unusual 
hemolysis curves. 

2. The sjrmpathomimetic amine salts did not 
cause hemolysis in the presence of 0.6 per cent 
sodium chloride until a certain concentration was 
leached which closely coincided with the concen- 


tration of the salt alone, which resulted in the 
final sharp increase in hemolysis. 

3. Both the d and dl forms of amphetamine 
sulfate gave results strongly indicative of a simi- 
lar action on erj-throcytes by the two compounds. 

4 Determinations of the pH values before 
and after the addition of blood to various solutions 
of the sxmipathomimetic amine compounds indi- 
cated the acceptability of these compounds for 
testing by the hemolytic method. 

5. No precipitation or color change occurred 
when solutions of laked erythrocytes and blood 
serum were mixed with 1 per cent concentrations 
of the sxTnpathomimetic amine salts. 

6. The phenothiazine derivatives employed 
could not be tested b}' the hemolytic method due 
to their reaction with blood 

7. The determination of the freezing point 
depression of various concentrations of ampheta- 
mine sulfate solutions negated the possibility of 
micelle formation of this compound in the con- 
centrations used as being responsible for changes 
in its hemolysis cun'e 
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Table I — Comparison or i Values Obtained 
FROM Freezing Point Depression Data with 
Those Obtained from Hemolttic Results" 


X— — f Values 


Compound 

Species 

r reczinj. 
Point t 

Hemo 

lytice 

Amphetamine sulfate 

Human 

2 40 

1 

97 

Dextro amphetamine 
sulfate"* 

Human 

2 40 

2 

03 

Dextro amphetamine 
sulfate 

Rabbit 

2 40 

1 

57 

Hj droxj ampheta 
mine hjdrobro 
mide 

Human 

2 13 

0 

54 

H\ droxj ampheta 
mine hj drobro 
mide 

Rabbit 

2 13 

0 

50 


o Unless otherwise indicated all hemolj tic \ dues represent 
an average of two blood samples 

f* Values of t determined from the freezing point depression 
of 1% solutions of the compounds (d it i obtained from 
manufacturer) 

c Average of i \alues calcul ited at concentrations causing 
2o 00 and 75% hemobsis 

Average of three blood samples used to determine hemo 
lytic I \ alue 


the addition of human blood, thus being in the 
range in which pH has the least effect on lieinoUsis 
Of the phenothiazine denvatnes used prochlor 
perazine ethanedisulfonate and trifluoperazine di 
h> drochloride had pH values of less than 3 0 in 
concentrations of 1% This, in itself, would e\ 
elude the use of these two compounds in the hemo 
htic method due to the fact that brown colored 
hematm is formed from o\\ hemoglobin in the pres 
ence of solutions ha\ing low pH ^alucs (13) 

Results of Tests on Mixing Compounds with 
Oxyhemoglobin — No precipitation was observed in 
anj of the tubes containing Ho solutions of the 
compounds under investigation Solutions of the 
phenothiazine derivatn es turned brow n upon admix 
ture with laked er\ throcj tes 

Results of Tests on Mixing Compounds with 
Serum. — Upon addition of human scrum to solu- 
tions of the compounds under in\ cstigatioii, an 
immediate cloudiness was obsericd m e\cr\ m 
stance This milk white cloud disappeared upon 
shaking in tubes containing s\ mpathomimctic 
amine salts but remained m the tubes containing the 
phenothiazine dcniatives 

Tests were also conducted m which defibriiiatcd 
human blood was added to 1% solutions of the 
phenothiazine deni atii es emploi ed When 0 1 
ml of human blood was added to 10 ml of the solu- 
tions, the cells appeared to disperse into tmv red 
fragments A graj precipitate soon appeared w hen 
the tubes were placed m a water bath at 37° and the 
solutions turned brown The solution of tri- 
mepraznie tartrate contained more precipitate than 
the other phenothiazine denvative solutions The 
precipitate which had formed in the trifluoperazine 
dihj drochloride solution disappeared upon agitation 
Due to the precipitates formed and the color 
changes of the solutions, thephenothiazme derix atix es 
emploj ed in this inx estigation could not be tested 
bj the usual hemoh tic method 
Results of Freezmg Point Depression Deter- 
mmations — The freezing point depressions of the 
amphetamine sulfate solutions tested failed to show 
cause for the unusual behaxior of this compound 
when subiected to the hemoh tic method 


Tabi e II — pH Values for V arious Concentri 
T ioNS or Aqueous Experimental Compouxb 
Solutions Before and After the Addition of 
Human Blood" 


Compoiinfi 

Blank (triple distilled 
water) 

Viiiphetamine sulfate" 
■Vmphetamme sulfate' 
Vinphetamme sulfate' 
Amplietammc sulfate' 
\mphetamme sulfate' 
Dextro amphetamine 
sulfate' 

Dextro amphetamine 
sulfate' 

IIjdroxN amphetamine 
h\ drobromide' 
Mephentermme sulfate' 
Mephentermme sulfate' 
Methoxj phenamine 
h\ drochloride' 
MethoxN phenamine 
hj drochloride' 
Pheninctrazme In dro 
chloride' 

Plienmetrazmc lij dro 
chloride' 

Chlorpromazmc In dro 
chloride'* 

Prochlorperazine ethane 
disulfonatC* 

Trifluoperazine diln dro 
chloride ' 

Trmicprazmc tartrate* 


pH 4o 
mm 


After 

the 


Per 

Initial 

Addition 

Cent 

pH 

of Blood i 


6 18 

7 70 

0 50 

6 67 

7 19 

1 00 

6 20 

7 04 

1 30 

6 06 

7 00 

1 70 

6 12 

0 92 

2 40 

6 01 

0 88 

0 50 

6 38 

7 30 

1 25 

5 68 

G 85 

2 00 

5 63 

0 67 

1 80 

4 59 

6 99 

2 00 

4 50 

6 95 

2 00 

6 10 

7 00 

.5 00 

6 05 

e 90 

1 00 

4 82 

0 95 

2 00 

4 60 

5 SO 

1 00 

5 00 

5 65 

1 00 

2 70 

2 SO 

1 00 

2 70 

2 88 

1 00 

5 70 

6 00 


o AO 10 ml fiiiantit> of Hood w as added to 10 ml ofsolu 
tion 

^ I he pH of the blood initnllj "as 7 92 and u as 7 82 after 
fortv five minutes . 

<■ Percent iges chosen due to sharp change in degree ol 
hemol>sis at these concentmtions 

Solutions of these compounds turned brown upon aaai 
tion of blood 


DISCUSSION OF RESULTS 

Factors influencing the degree of hemoljsis of 
cr\ throcN tes in x arious solutions are numerous 
Hemoh SIS due to In potonicitj would be lessened b\ 
the simple expedient of adding more solute to the 
solution, thcrebx establishing a more nearh equal 
osmotic pressure between the solution and the cellu 
lar contents A loss of electroh tes from within the 
cell into the external fluid would result in abnor 
malh high hemoh tic r X alues The penetration into 
the erj throcj te b\ a di\ alent ion, such as the sulfate 
ion, would result in the release of two chloride ions 
from within the cell into the surrounding fluid ni 
order to ni iintain electrical equilibrium, thus de 
creasing the number of particles xvithin the cell 
Slighth low I \ alues max be mdicatix e of incomplete 
dissoci itioii, associition, or iniccllular formation bj 
the compound 

The hemoh tic actix itx of inanj surface acti' e 
hsins has been attributed to the collapse of a 
cholesterol phospholipid lipoprotein complex in the 
erx throex te surface (14) Due to the apparent sur 
face actix itj of the compounds emplox ed m the pres 
ent m\ estigation, this could possiblj be a factor m 
some of the hemolj tic results obtained Indeed, anj 
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form of membrane destruction, otiicr than tliat due 
to osmotic pheiiomciia, would cause results different 
from those expected from purely colligative effects 

It has been shown (15) that amine hydrochlorides 
may form miccllular aggregates in solution with the 
result that their solutions have less osmotic effect 
than would be expected from the concentration used 

I’ariations in degrees of hemolysis can be partially 
explained not only on the basis of variations in 
Colligative properties and membrane destruction, 
but also by variable reactions to the same com- 
pound by erythrocytes of the same blood sample 
Love (IG) and Hutchinson and Bean (17) investi- 
gated the per cent hcniolysis-time curves for sodium 
alkyl sulfate and found that the curves were not the 
simple sigmoid type given by saponins, butanol, or 
streptolysin The curves they obtained showed an 
initial rapid rate of hemolysis which decreased after a 
few minutes to zero, then slowly increased and con- 
tinued in a sigmoid manner Love (IG) suggested 
that perhaps sodium dodecj’l sulfate had both a 
protective and destructive effect Protected cells 
evidently hemolyzcd at a slower rate than normal 
cells. 

Ponder (18) stated that cells of the same popula- 
tion would not necessarily react in a like manner to a 
given concentration of lysin Differences in mem- 
brane composition or shape would result in different 
degrees of hemolysis at a given time from two 
samples of like concentrations of lysin 

It was further suggested by Ponder (19) that 
there may be two cell components involved in the 
resistance of an erythrocyte to hemolysis The 
first component appears to be concerned with the 
mechanical rigidity and maintenance of the special 
shape of the cell and the other concerned with the 
prevention of the outward diffusion of pigment. 
The effects which the lysin produces on the first 
component are nearly always apparent before those 
which it produces on the second It was theorized 
that some lysins affect the first component much 
more rapidly than they do the second, xvhereas 
others may produce their effects on the two com- 
ponents more nearly simultaneously 

SUMMARY 

1. Increasing concentrations of sjmpathomi- 
metic amine salts resulted in rather unusual 
hemolx'sis curv'es. 

2. The sjTnpathomimetic amine salts did not 
cause hemolysis in the presence of O.G per cent 
sodium chloride until a certain concentration was 
reached which closely coincided with the concen- 


tration of the salt alone, which resulted in the 
final sharp increase in hemolysis. 

3. Both the d and dl forms of amphetamine 
sulfate gave results strongly indicative of a simi- 
lar action on erythroexTes by the two compounds. 

4. Determinations of the pH x'alues before 
and after the addition of blood to various solutions 
of the sjnnpathomimetic amine compounds indi- 
cated the acceptability of these compounds for 
testing by the hemolytic method. 

5. No precipitation or color change occurred 
when solutions of laked erj-throcytes and blood 
serum were mixed with 1 per cent concentrations 
of the sjTnpathomimetic amine salts. 

0 The phenothiazine derivatix'es employed 
could not be tested by the hemolytic method due 
to their reaction with blood 

7. The determination of the freezing point 
depression of various concentrations of ampheta- 
mine sulfate solutions negated the possibility of 
micelle formation of this compound in the con- 
centrations used as being responsible for changes 
in its hemolysis curve. 
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Canine Blood Sugar and Lactic Acid Responses to 
Adrenergic Amines after Ganglion Block* 

By R. S. McCUTCHEON 

Since preliminary studies indicated that a ganglionic block before infusions of some 
adrenergic amines resulted in an increased production of blood lactic acid and 
blood sugar, it was postulated that this might be due to an interruption of Cori’s 
cycle. This experiment shows that there is a significant increase in lactic acid pro- 
duced by two of the drugs after blocking and an indication that two others also have 
this effect. The results on blood sugar were not significant. Evidence is presented 
here that the conversion of lactic acid to glycogen in the liver is blocked or inhibited 
by use of the ganglion blocking agent, mecamylamine, accounting for an accumula- 
tion of blood lactic acid under the conditions of the experiment. 


S EVERAL investigators (1) have indicated that 
production of lactic acid is the mechanism by 
which smooth muscle is relaxed, and that the for- 
mation of lactic acid is the first function of 
epinephrine, not the release of glucose (2). Other 
investigators (3) have indicated that the in- 
creased lactic acid is the result of glucose metabo- 
lism (4, 5). Most of this work has been done on 
epinephrine alone and in only a few instances has 
the work been related to the effect of ganglion 
blocking agents (G, 7, 8). Preliminary work in 
our laboratory has indicated that the increase in 
blood lactic acid produced by injections of ad- 
renergic amines is greater after a ganglionic block 
than without it. The potentiation of the lactic 
acid response under these conditions has led us 
to postulate that it may be due to a block or an 
inhibition of the synthesis of lactic acid to glyco- 
gen by the liver in Cori’s cycle (9). If at the 
same time the production of lactic acid by muscle 
is increased by the amine there must be an 
accmnulation of lactic acid. The present study 
was undertaken to further investigate this prob- 
lem in relation to epinephrine and other ad- 
renergic amines before and after ganglionic block, 
and as a preliminary to a similar study in relation 
to these effects after adrenergic block. 

Thus, a comparative study was carried out in 
the anesthetized dog of the blood sugar and lac- 
tic acid effects after ganglionic block, using epi- 
nephrine, isoproterenol, ethylnorepinephrine, and 


* Received March 15, lOGO, from the Department of 
Pharmacology, School of Pharmacy, Oregon State College, 
Corvallis. 

The experimental work was instituted during tenure in 
Cardiovascular Research and Training Program, Medical 
College of Georgia, Augusta, supported in part by Grant 
H TS-5044 from the National Heart Institute, Public Health 
Service. The work was completed at Oregon State College 
under grant H-3121, National Institutes of Health, Public 
Health Service. 

The author wishes to express appreciation to Dr. R. P. 
Ahlquist for his counsel on this project, and to David A. 
McClure for his help with the chemical analysis. 

Drugs were kindly furnished as follows: mecamylamine 
(Inversine) by I^Ierck, Sharp and Dohme, and the amines 
used [ethylnorepineohrine (Butanephrine) , isoproterenol 
(Isuprel), and Win-304G] by Sterling- Winthrop Research 
Institute. 


the N-isopropyl derivative of ethylnorepi- 
nephrine (Win-304G). 

EXPERIMENTAL 

Method. — Mongrel dogs of either sex weighing 10 
to 15 Kg. were anesthetized with pentobarbital 
sodium, 35 nig./Kg., intraperitonealb'. No mor- 
phine nor other preanesthetic agent was used at any 
time. Blood sugar was determined according to 
the method of Nelson ( 1 0 ) ; lactic acid by the method 
of Barker and Suminerson ( 11 ), after deproteinizing 
by the method of Folin-\Vu, 4^an Slyke and Haw- 
kins (12). 

Constant infusions of the adrenergic drug were 
made into the jugular vein and samples were 
drawn from the saphenous vein of the hind leg. 
Control blood sugar and blood lactic acid were 
obtained before starting the infusion. Alternate 
dogs were given the ganglionic blocking agent, 
mecamylamine, 1 mg. /Kg. and in some cases, 
2 mg. /Kg. tlGien mecamylamine was used it 
preceded the infusion of the adrenergic agent. 
Control studies were also made in which mecarnyl- 
aminc was followed by infusions of physiological 
saline solution duplicating the infusions of the 
amines. No change in lactic acid production oc- 
curred. Tlie amines were infused by means of a 
syringe actuated by a stepping relay controlled 
through an electronic counting device (13) or by an 
infusion pump manufactured by tbe Harvar 
Apparatus Co. 

Infusions of increasing doses of tbe drugs lasting 
about two hours were used in order to determine 
degree of altered response to increasing doses. 


Table I. — Concentration of Drugs and Rate of 
Infusion" 


Time 

Inter- 

vals, 

Epineph- 

Ethyl- 

norepi- 

Win- 

min. 

rine 

nephrine 

3046 

1 

0.153 

2.15 

2.54 

2 

0.613 

4.3 

5.07 

3 

1.033 

8.6 

10.14 

4 

1.533 

10.74 

12.68 

5 

3.066 

21.40 

25.30 

6 

4.599 

42.80 

50.75 

7 

9.200 

86.00 

101.48 


» Doses in racg./Kg./rain. 


Isopro- 

terenol 

0.111 

0,444 

1.14 

1.7 

2.28 

4.56 

9.12 
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Table II. — Blood Sugar and Blood Lactic Acid Increases before and after Ganglionic Block 


Drug 

Epinephrine 

Ethylnorepi- 

nephrine 

\Vin-3046 

Isoproterenol 


Average Increase 

without Block, mg. % * 

No. No. 


Blood 

Animals 

Lactic 

Animals 

Blood 

Sugar 

Used 

Acid 

Used 

Sugar 

167 

12 

23 

12 

133 

140 

4 

23 

5 

140 

180 

3 

33 

4 

185 

143 

4 

27 

4 

128 


Average Increase Differences, 

•after Block, mg. % . . mg. % — - — . 


No. 

Animals 

Lactic 

No. 

Animals 

Blood 

Lactic 

Used 

Acid 

Used 

Sugar 

Acid 

5 

24 

8 

-35 

+1 

3 

27 

4 

“ho. 4 

+4 

3 

43 

5 

+5 

+ 10 

7 

42 

7 

-16 

+ 14 


It was also of interest to determine whether or not 
the larger concentrations of drug would themselves 
have an inhibiting effect. Blood samples were 
analyzed at twenty-minnte intervals during the 
infusion in order to determine what changes were 
taking place with increasing doses of the amine. 
Since in every case the increases in blood sugar and 
blood lactic acid reflected the increasing concen- 
tration of the infusion, the figures used in the 
reported results were the averages of the values 
obtained at the end of the infusion. 

The solutions of the amines used contained 0.1% 
each of chlorobutanol and sodium bisulfite as 
preservative. The concentration of drug and rate of 
infusion are shown in Table I. Note that the 
dosage of the drugs has been adjusted at each level to 
give approximately equal effects in terms of known 
responses. 

RESULTS 

The increases in blood sugar and blood lactic 
acid produced by the infusions before and after 
ganglion block were obtained by taking the dif- 
ferences between the control (value before injection 
of any drug) and the final value for each experiment. 
These results were averaged for each series of like 
e.xperiments. Table II shows the figures, in mg. %, 
obtained in this way. 

Statistically, this is a 2 X 4 factorial experiment 
with disproportional numbers of observations in the 
subclasses. Without blocking and after blocking 
constitute one factor, and the four amines constitute 
another. The number of animals in the eight sub- 
classes for lactic acid and blood sugar are shown 
in Table II. 


Table III.- — ^Analysis of Variance for Lactic 
Acid 


Source of 
Variation 

Sura of 
Squares 

De- 

grees 

of 

Free- 

dom 

]Mean 

Square 

F 

Drug 

1,675.39 

3 

558.46 

4.88- 

Blocking 

563.32 

1 

563.32 

4.92i, 

Interaction 

339.45 

3 

113.15 

0.99 

Error 

4,689.98 

41 

114.39 



a Significant at 1% level. & Significant at 5% level. 


Lactic Acid. — ^The analysis of variance of lactic 
acid data is shown in Table III. The four sym- 
pathomimetic amines in the absence of a blockin g 
agent produced statistically significant increases in 
the levels of lactic acid. 

In the presence of the ganglion blocking agent, 
all four sympathomimetic amines led to statistically 
significant increases in lactic acid levels. In the 
case of two of the amines, Win-3046 and isoproter- 
enol, the increase in lactic acid concentration was 
significantly greater with the blocking agent 
than without it. It can be said that the blocking 
agent had an effect on lactic acid levels and that in 
no case was the production of lactic acid blocked. 

Blood Sugar. — The analysis of variance of blood 
sugar data is shown in Table IV. The four sym- 
pathomimetic amines in the absence of a blocking 
agent produced statistically significant increases in 
the levels of blood sugar. 

In the presence of a blocking agent, all four 
sympathomimetic amines led to statistically signif- 
icant increases in blood sugar levels. The difference 
between blocking and nonblocking and interaction 
are not significant. Examination of the data reveals 
that the experimental variation is large and the 
number of animals is small. Under these condi- 
tions, blocking is not significant. 


DISCUSSION 

This study has shown that blood sugar and blood 
lactic acid are increased by infusions of the four 
amines; epinephrine, ethylnorepinephrine, Win-3046, 
and isoproterenol. This increase is large whether 
the infusion is made with or without the ganglion 
blocking agent mecamylamine. In the case of two 
of the amines, Win-3046 and isoproterenol, the 
increases of lactic acid were significantly greater 
after the use of the blocking agent. 

An examination of the lactic acid differences of 
Table II is very suggestive since these appear in 
the same order as that postulated for the ^-stim- 
ulating effects of these four substances (14, 15). 

Since the results for blood sugar are not consistent 
and the differences in the increases before and after 
block are not significant, it would seem that the 
greater production of lactic acid after block is not 


Table IV. — Analysis of Variance for Blood Sugar 


Source of 
Variation 

Drug 

Blocking 

Interaction 

Error 


Degrees of . 


Sum of Squares Freedom 

9.262.58 3 

1.121.59 1 

2,323.21 3 

123,647.02 33 


Mean Square F 

3,087.53 0.824 

1,121.59 0.299 

744.40 0.207 

3,746.88 
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dependent on a similar change in the blood sugar 
This IS felt to be evidence in support of the original 
postulation, that the block produced must be one 
111 Con’s cycle, preventing a rapid return of the 
lactic acid produced to liver glycogen 

SUMMARY 


4. Evidence is presented here that the con 
version of lactic acid to glycogen in the liver is 
blocked or inhibited by the use of the ganglion 
blocking agent, mecamylainine, accounting for an 
accumulation of blood lactic acid under the con- 
ditions of the experiment. 


1 Infusions of the four amines, epinephrine, 
ethylnorepinephrine, Win-304G, and isoproterenol 
m dogs produce large and significant increases in 
both blood sugar and lactic acid with or without 
the blocking agent 

2 When infusions are made after a ganglionic 
block produced by mecamylainine, the increase of 
blood sugar is variable but the production of 
lactic acid is increased significantly by two of the 
amines, Wm-3046 and isoproterenol, over that 
seen without the block 

3 If the lactic acid increases after blocking 
are placed in order of magnitude, we find that the 
four amines are thus arranged m the order of 
their /3-stimulating properties 
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Evaluation and Technology of an Emollient 
Suppository Base"^ 

By H. I. SILVERMAN 

A requisite in the medicinal treatment of local conditions involving the anorectal area 
is for an emollient, nongreasy, protective application that would favor a sustained 
release of incorporated medicinals in addition to maintaining the mucous epi- 
thelial lining of the area in its normal hydrated condition. Utilizing Lantrol, a non- 
sensitizing liquid fraction of wool fat, as the major component, a new suppository 
base has been formulated which possesses, in addition to the foregoing attributes, 
a high degree of pharmaceutical elegance, adequate plastic range, and is compatible 
with the great majority of pharmaceuticals commonly incorporated in suppositories. 
Techniques utilized to determine rate of pharmaceutical release show a desirable 
prolonged release of medication. Sensitivity testing has also been accomplished. 
While the base itself is not water soluble it is dispersible in body fluids, and warm 
water, forming a water-in-oil emulsion that spreads smoothly over the skin forming 
a protective, partially occlusive, nongreasy film. No difficulties were noted in manu- 
facture, the base sets rapidly and stabilizes quickly. 


Tn recent years a great deal of consideration 
has been afforded suppositories from the stand- 
point of base formulation (1-5). Few studies, 
however, have been devoted to the development 
of a base having a therapeutic activity of its 
own in addition to being a vehicle for various 
types of medication 

* Recen ed August 13, 1950, from the Research Institute 
of the Brooklyn College of Pharmacy, Long Island Univer 
sity, Brooklyn, N Y 

Presented to the Scientific Section, A Pfl A , Cincinnati 
meeting. August 1959 


The great majority of the available vehicle 
bases melt, disintegrate, or dissolve lapidly at 
bod}' temperature In this way medicinal 
agents are expected to be rapidly absorbed should 
systemic effects be desired. However, these 
bases are not especially suited for treating local 
conditions involving the anorectal area The 
widely used fatty bases such as cacao butter anti 
its inexpensive substitutes, the hydrogenated 
fats, are prone to allow leakage from the anal- 
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sphincter while not holding medication in situ 
over extended periods of time. In addition, 
their low melting point ((i) is somewhat unsuited 
for supiiositories that are produced on a commer- 
cial scale since they produce numerous problems 
during their manufacture, storage, shipping, 
and handling. The water-soluble and emulsified 
bases are preferable to the oleaginous since they 
permit increased difi'usion of medication. In- 
gredient release, however, may be extremely 
rapid so that a desirable prolonged and steady 
medicament release, a requisite in treating ano- 
rectal inflammations, does not occur. Supposi- 
tories formed from various synthetic gums, na- 
tural colloids, and protein materials are not 
especially suited since they are hydrophilic, 
tend to swell, and may induce the defecation 
reflex. 

With these considerations in mind, studies 
were channeled toward the development of a 
suppository that would; (a) be serviceable as 
a vehicle for medication commonly incorporated 
in this dosage form; (6) be stable under normal 
storage conditions over an extended time; 
(c) involve no special precautions or procedures 
during manufacture and eliminate the problems 
of chipping, Assuring, and splitting; (d) not 
require a mold lubricant, solidify rapidly (high 
setting point), and eject easily, and (c) be non- 
irritating, not leak from the rectum, and able to 
be handled without deformation. 

In addition, the base should be emollient, non- 
greasy, protective, and allow for a sustained 
release of incorporated medicinals while main- 
taining the mucous epithelial lining of the 
anorectal area in its normal hydrated condition. 
Since the introduction of wool fat and its deriva- 
tives into medicine many references attest to 
the value of this animal wax as an emollient and 
adhesive application (7-9). However, due to 
some manifestations of eczematous hypersensi- 
tivity (10) its utilization in dermatology must be 
with eaution to avoid exciting an allergic resjionse 
in sensitive individuals. 

Since the sensitizing component can be 
demonstrated to be present in the alcohol fraction 
(11) removal of this constituent by fractionation 
or chemical alteration such as acetylation results 
in a hypoallergenic, medicinally and cosmetically 
acceptable lanolin. LantroT (12), a liquid 
fraction of wool grease, was chosen as the major 
component of this new suppository base. Utili- 
zation of a nonsensitizing lanolin for local appli- 
cation should have therapeutic value as wool 
fat has been demonstrated to enhance the mcch- 


1 Supplied by Malmstrom CUcnucal Corp. 


anism for rehydration of the skin (1.3), to 
provide a jirotective, partially occlusive smooth 
film, and to be miscible with water forming a 
water-in-oil emulsion which, in view of its 
biological origin, may be somewhat analogous to 
human sebum (9, 10). 

Other materials utilized in formulation as 
thickening and molding agents were the follow- 
ing: Myverol 18-00,^ a chemical isolation prod- 
uct of hydrogenated lard, high in monoester 
content obtained by high vacuum molecular 
distillation and Wecobee base S,® a partially 
hydrogenated oxidatively stable fat which may 
be utilized as a substitute for cacao butter. 

EXPERIMENTAL 

Formulation and Physical Data. — In the screen- 
ing to evolve a suitable suppository vehicle, 75 raw 
materials were utilized for the preparation of over 
50 experimental bases Of those studied, a base 
having the following composition was selected; 
Lantrol,40%; Wecobee base S,40%: Myverol 18-00, 
20% by weight The ingredients were combined by 
fusion at approximately 80-85° with stirring to 
produce a clear golden-yellow liquid Molding was 
accomplished by pouring the fused base at its 
cloud point of 65° (50-55°) into previously chilled 
suppository molds After chilling at 0° for thirty 
minutes the suppositories were ejected from the 
mold and stored at 5° for five days in order to allow 
the isomeric components to assume stable crys- 
talline patterns The suppositories were then 
subdivided for the stability studies Suppositories 
in dual groups of twenty-five (one group wrapped 
in aluminum foil, the other with no protective 
covering) were stored in a refrigerator, at room 
temperature (20-25°), and on a window ledge ex- 
posed to sunlight ■■ After three months each sup- 
pository was carefully examined for any evidence 
of physicochemical change None in the entire 
group of one hundred and fifty suppositories 
showed any evidence of color change, blooming, or 
deformation 

The softening point of the suppository base was 
carried out utilizing the ring and ball apparatus of 
the A S T M and found to fall within the range 
of 47-48° A suppository slice was packed into the 
center of the metallic ring with the ball situated on 
top of the suppository segment The apparatus 
was then immersed in a water bath at a temperature 
of 25° which was heated by a hot plate equipped 
with a magnetic stirrir to maintain an even tempera- 
ture The rate of temperature rise was regulated 
at 1° per minute The softening point range being 
read when the metallic ball fell free from the metallic 
ring. Three separate determinations were per- 
formed on newly molded lots and on the variously 
stored samples after the three month aging period 
In no case was there any variation from the afore- 
mentioned softening point range. 


2 Supplied by Distillation Proilncts Industries. 

* Supplied by E. F. Drci\ Co. 

< Tins latter irroup \^a«l placed in a *;pccii1ly constructri: 
container, of uindow rIuss. with the environmental 
turc controlled so as not to ri<;c a!»o\c .'la®. 
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The pH of a dispersion of the base in distilled water 
was found to be 5 6 This was determined bj mix 
mg 6 Gm of the base with 100 ml of distilled water 
for several minutes, filtering, and reading the pH by 
means of a Beckman Zeromatic pH meter 

Consistency was determined with a Universal 
model precision penetrometer A 15 square cm 
cast of the base was utilized for the penetration 
The average of five readings (corners and center) 
taken with the penetrometer needle was 16 08 nun 
The specific gravity of the suppositorj base was 
found to be 0 93 

Determination of Medicinal Release. — A colon 
metric and a microbiological studj was accomplished 
to ascertain the abilitj of the base to release in- 
corporated medicinals 

The colorimetric method was performed simu- 
taneousl} with the Lantrol base and a cacao butter 
base Molded and aged suppositories containing 
known amounts of FD&C Red No 2 were placed in 
constant temperature water baths, equipped with 
magnetic stirnrs, set at the softening points of the 
bases in question At various intervals aliquot 
samples were removed, filtered with sintered glass 



Time min 


Fig 1 — -Dj e release from suppositort bases as a func 
on of time 0> Theobroina base plotted at 37°, •, 
antrol base plotted at 47° 


funnels, and the concentration of dye, as released 
over the time period of studj, determined with a 
Coleman Jr spectrophotometer at 525 mji Using 
the data obtained graphs were plotted (Fig 1) to 
compare the percentage release of dje from the two 
bases at varjing time intervals The procedure 
followed is similar to one originallj outlined b) 
Gross and Becker (2 ) 

Antibacterial activity in regard to the effectwe 
ness of release of certain selected medicinals from 
the Lantrol base as eompared to a cacao butter 
base (containing the same ingredients in exactlj 
the same proportion) was determined using four 
test organisms, Table I The method followed 
was to place a freshlj sliced segment of a suppositorj 
cone containing the medicinal in question, 10 mm 
in diameter and 10 mm in thickness, upon seeded 
agar plates To avoid softening and creeping at 
the generallj accepted incubation temperature of 
37° the plates were allowed to remain at room tem 
perature (20-25°) for fort} eight hours before being 
read Zones of inhibition were measured from the 
peripher} of the suppositor} segment to the limit 
of the clear area, the size of the zone being direct!' 
related to the abilit} of the base to release incorpo 
rated materials 

Sensitivity Studies — To determine an} possible 
evidence of seiisitnitx to the base a modified 
repeat insult patch technique was performed using 
a pressure t}pe of patch application (14-17) The 
method used takes into account the possibihtj of 
fatiguing of the skins defense mechanism while also 
serving to demonstrate possible sensitization build 
up over a time lapse 

An interracial group of 60 human subjects were 
used for the expeiimental studv consisting of 55 
males and 5 females, ages ranging from 18-30 
Approximatelv 350-500 mg of the test base was 
applied during each twenty-four-hour testing period 
Subjects were instructed to appl} the test material 
to the underside (ventral) of the forearm, midway 
between the elbow and wrist The test area cm 
ered approximateh 10 sq mm of the subjects skin 
The materials used in apply ing the base consisted 
of a felt pad, doughnut shaped, whose center open 
ing was filled with the base The pad and base 
were placed on the skin, cox ered with a suitable 
gauze pad, and firmly affixed with adhesive to the 
skin Subjects were instructed to apply the patch 
for twentv four hours, remoxe patch, wash area 
and rest twentv four hours, appU again for twenty 
four hours, remoxe patch, wash area, and rest 
twenty four hours, etc , until five patch applications 


Table I — ^Zones op Inhibition 






Test Orcanism 




Proteus 

Klebsiella 

Micrococcus 


Conen in 


\Iorgantt 

pneiivioniae, 

pyogenes 

Medicament 

Suppository 

Base 

mm 

mm 

ctlreus mm 

Penicillin G pot 

200,000 u 

Lantrol 

5 

3 

15 



Theobroma 



7 

Tetracy dine 

100 mg 

Lantrol 

10 

10 

13 



Theobroma 

10 

7 

10 

Nitrofurazone 

0 2% 

Lantrol 

5 


3 



Theobroma 

2 



As in No 37, Table HI 

As m No 

Lantrol 


5 

3 


37. Table 

Theobroma 

Grow th 

Growth 



III 


stimulated 

stimulated 



Uurococcus 
Piogenes 
albus inm 

14 

4 

19 

14 

10 


\ 

/ 


9 
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Table II — Sensitivity Tests 


Subject 

No 

Se\ 

Medical 

History <* 

Age, yr. 

Conclusions 

1 

M 


21 

Negative 

2 

M 

"Hay fever” 

19 

Negative 

3 

M 

Severe acne 

19 

Slight pruritis first 24 hr. onlj'. 

4 

M 


20 

negative thereafter 

Negative 

5 

M 


19 

Negative 

6 

M 


IS 

Negative 

7 

M 

“Hay fever” 

18 

Negative 

8 

M 


20 

Negative 

9 

M 


19 

Negative 

10 

M 


22 

Negative 

11 

M 


19 

Negative 

12 

M 


23 

Negative 

13 

M 


19 

Negative 

14 

M 

"Haj' fever” 

19 

Negative 

15 

M 


19 

Slight pruritis for first few 

16 

M 


20 

minutes of first application 
Negative 

17 

M 


21 

Negative 

18 

M 

Acne 

20 

Negative 

19 

F 

Food allergies 

18 

Negative 

20 

M 

"Ha 3 ' fever” 

19 

Negative 

21 

M 


28 

Negative 

22 

F 

Asthma 

26 

Negative 

23 

F 


18 

Negative 

24 

M 


19 

Negative 

25 

M 


21 

Negative 

26 

M 

"Hay fever” 

"Haj^ fever” 

26 

Negative 

27 

M 

30 

Negative 

28 

F 


29 

Negative 

29 

M 


21 

Negative 

30 

M 


27 

Negative 

31 

M 


20 

2-mm Wheal at end of first 

32 

M 


19 

application only 

Negative 

33 

M 


20 

Negative 

34 

M 

"Summer rash” 

19 

Negative 

35 

M 


19 

Negative 

36 

M 

Warts on legs 

19 

Negative 

37 

M 


20 

Negative 

38 

M 

"Hay fever” 

19 

Negative 

39 

M 


20 

Negative 

40 

M 

Severe acne 

19 

Negative 

41 

M 


19 

Negative 

42 

M 


19 

Negative 

43 

M 

Food allergies 

22 

Negative 

44 

M 


20 

Negative 

45 

M 

"Haj' fever” 

19 

Negative 

46 

M 


20 

Negative 

47 

M 


19 

Negative 

48 

M 

Impetigo 

19 

Negative 

49 

M 


19 

Negative 

50 

M 


20 

Negative 

51 

M 


20 

Negative 

52 

M 


19 

Negative 

53 

M 


19 

Negative 

54 

M 


20 

Negative 

55 

M 


20 

Negative 

56 

M 


19 

Negative 

57 

M 


19 

Negative 

58 

M 

"Hay fever” 

19 

Negative 

59 

M 

"Haj' fever” 

19 

Negative 

60 

F 


20 

Negative 


“ "Hay fever,” asthma, gastrointestinal disturbances, urticaria, serum sickness, dermatitic diseases etc 


had been completed. After a resting period of thirtj' 
days, a second series of five patch applications 
were completed 

Subjects were instructed to record any erythenia. 


pruritus, tingling, eruptions, or any other abnor- 
malities during the test periods. Table II records 
subject data, including medical histories, and obser- 
vations on the sensitivity tests. 
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Amt per 

Flux 

After 3 Months Storage" 

No. 

Medication 

Siippos. 

Temp., °C. 

At RT 

Refrigerator 

1 

Aminopliylliiie 

0 a Gm. 

7/) 

c 

A 

2 

Aspirin 

0 5 Gin. 

05 

A 

A 

3 

Argyrol 

0.3 Gm. 

00 

A 

A 

4 

Belladonna ext. 

15 mg. 

60 

A 

A 

.7 

Benzocaine 

0 15 Gm 

60 

C 

A 

0 

Bismuth subcarb 

0 2 Gm. 

70 

A 

A 

4 

Bismuth subgallatc 

0 2 Gin. 

70 

A 

A 

8 

Boric acid 

0 15 Gm. 

60 

A 

A 

9 

Butabarbital 

05 mg. 

70 

A 

A 

10 

Stilbestrol 

5 mg. 

65 

A 

A 

11 

Ephedrine sulf 

5 mg. 

65 

A 

A 

12 

Ichthamol 

0 3 Gm. 

60 

1 ) 

D 

13 

Mercurochrome 

0 2 Gm. 

70 

A 

A 

14 

Nitrofurazonc 

0 2 Gm. 

65 

A 

A 

15 

Pentobarb sod. 

65 mg. 

70 

A 

A 

10 

Peruvian balsam 

0.2 Gm. 

.50 

D 

A 

17 

Phenobarbital 

05 mg. 

70 

A 

A 

18 

Succinylsulfathiazole 

0.5 Gm. 

00 

A 

A 

19 

Sulfametho.xypyridazinc 

0 25 Gm. 

65 

A 

A 

20 

Tannic acid 

0 3 Gm. 

70 

A 

A 

21 

\’ioform 

3 0% 

05 

A 

A 

22 

Zinc oxide 

0 2 Gm. 

00 

A 

A 

23 

Chloramphenicol 

100 mg. 

60 

A 

A 

24 

Chlortetracycline 

100 mg. 

00 

A 

A 

25 

Erythromj'cin 

100 mg. 

60 

A 

A 

26 

Neomycin sulf 

10 mg. 

60 

A 

A 

27 

Oxvtetracycline 

100 mg. 

00 

A 

A 

28 

Penicillin G pot 

05 mg. 

60 

A 

A 

29 

Polymyxin B sulf. 

10 mg. 

60 

A 

A 

30 

Streptomycin 

200 mg. 

60 

A 

A 

31 

Tetracycline 

100 mg. 

00 

A 

A 

32 

Cortisone acetate 

20 mg. 

65 

A 

A 

33 

De.xamethasonc 

1 mg. 

65 

A 

A 

34 

Hydrocortisone acetate 

20 mg. 

05 

A 

A 

35 

Prednisone 

5 mg. 


A 

A 

36 

Benzocaine 

120 mg. 


B 

A 


Ephedrine hyd. 

5 mg. 





Vioform 

15 mg. 

00 




Zinc o.xide 

160 mg. 





Peruvian balsam 

160 mg. 




37 

Belladonna ext. 

15 mg. 





Ephedrine sulf. 

3 mg. 





Zinc oxide 

100 mg. 

60 

A 

A 


Boric acid 

100 mg. 





Bismuth subcarb. 

100 mg. 





Peruvian balsam 

100 mg. 





o A, no change, satisfactory; B, blooming; C, color change; D, softening or deformation. 


Compatibility Tests. — Several pliarinaccuticals'’ 
which are commonly incorporated in suppository 
formulations were screened in the evaluation of tlic 
Lantrol base as a vehicle for medication. Materials 
listed (Table III) were, if in the form of a dry, free 
flowing powder, screened to pass through a number 
200-mesh sieve prior to incorporation. Percentages 
selected were based on those generallj' found in 
commercial practice. Incorporation of ingredients 
into the base was by fusion into the melted base at a 
temperature found to be optimum for the material 
in question (Table III), and was accomplished by 
utilizing a hot plate equipped with a magnetic 
stirring device. The individual mixtures were 
stirred continuous!}- while being poured into pre- 
viously-chilled suppository molds. All molded 


® The following companies supplied pharmaceuticiils 
utilized in the compatibility investigation: American 
Cyanamid Co., Burroughs Wellcome & Co , Kalcm Laliora- 
tories, Kli Lilly & Co., Merck Sharp & Dohme Research 
Laboratories, Pfizer Laboratories, Upjohn Co. 


suppositories were then aged for five days at 5°. At 
the completion of the initial cold storage those sup- 
positories containing similar materials were divided 
into groups of twenty, with one group being wrapped 
in aluminum foil and the other having no protective 
covering. All molded suppositories, wrapped and 
unwrapped, were then placed in storage for a period 
of three months, both in a refrigerator and at room 
temperature. At the expiration of this time the 
suppositories were carefully examined to detect an\ 
evidence of incompatibility with the incorporate! 
rnedieinals. Suppositories were checked for color 
changes, odor, blooming, cracking, softening, de- 
formation, and spotting. Analytieal determina- 
tions were not attempted during this portion of the 
investigation. 

DISCUSSION AND CONCLUSIONS 

In view of the fact that wool fat is generally ac- 
cepted as the emollient of choice for medicinal pur- 
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poses it appeared feasible that it would be of utility, 
when properly formulated, into au emollient sup- 
positorj' vehicle. In addition to its value as a soft- 
I ening and lubricating agent it also has an affinity 
for the skin which differentiates it from other simi- 
larly used materials. Due to this adhesive property 
it should be far more suitable (7) to prolong the 
effeets of incorporated medication than other fats 
or oils. Figure 1 and Table I attest to the value of 
the Lantrol base regarding release of incorporated 
material. In addition to a prolonged, sustained 
action, just short of the entire amount of incorpo- 
rated dye was detected at the end of a two-hour 
testing period. While the base itself is not water 
soluble it is dispersible in both bodj’ fluids and 
warm water forming a w/o emulsion which spreads 
out smoothly over the skin forming a protective, 
partially occlusive, nongreasy film. 

In comparison the cocoa butter base released the 
dye very quicklj' and, since it laeks the coherent 
property of lanolin, could not be expected to main- 
tain the medication in close contact with the sur- 
rounding tissue. Actually, leakage and correspond- 
ing loss of medication may be a problem In addi- 
tion, it can be noted that there is almost a 30% 
greater release of dye from the Lantrol base than 
the theobroma base Since stability and resistance 
to deformation are important from a commercial 
standpoint the suppositories were formulated so as 
to have a softening point analogous to proprietary 
products (18) 

Also of value from a manufacturing standpoint is 
the high suspending power of the base for materials 
with a high density, settling of incorporated medi- 
cinals during the mold pouring stage is thusly re- 
duced to a minimum. 

The lack of irritation in the group of subjects 
employed for the sensitivity studies (Table II) 
illustrates that this base is nonallergenic 

In view of the relatively few abnormalities de- 
tected in the compounded lots (Table III) it may be 


concluded that the great nmjority of pharmaceuti- 
cals are compatible, save, as might be e.xpected, 
resinous type products for which the base could be 
slightly modified Benzocaine appears too complex 
with the base in view of the fact that both numbers 
5 and 36 of the compounded series showed evidenee 
of abnormalities (Table III). The color change 
or blooming, which occured in some samples, was 
detected only in the unwrapped suppositories , those 
enclosed in aluminum foil exhibited no evidence of 
color change or blooming 

In view of the accumulated data it would appear 
that the proposed Lantrol suppository base has a 
high degree of pharmaceutical elegance, excellent 
stability, adequate plastic range, and is compatible 
with the great majority of pharmaceuticals com- 
monly incorporated in this dosage form 
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Determination of Hydrochlorothiazide in Urine* 


By HERBERT SHEPPARD, THOMAS F. MOWLES, and ALBERT J. PLUMMER . 

\ 


Hydrochlorothiazide may be determined in 
urine by extracting with ethyl acetate and 
either reacting directly with chromotropic 
acid or hydrolyzing first with alkali followed 
by diazotization and condensation with N- 
(1 -naphthyl) -ethylene diamine hydrochloride. 

^ n 'he recent introduction of the new oral 
diuretic, hydrochlorothiazide' (G-chloro-7- 
sulfamyl - 3,4 - dihvdro - 2H - 1,2,4 - benzothiadi- 
azine 1,1 -dioxide), which is several-fold more po- 
tent than the parent compound chlorothiazide, 
has necessitated the development of more sensi- 
tive and specific methods of analysis. Baer, 
el al. (1), recently described the use of the 
Bratton-Marshall reaction on diluted urine which 
had been first hydrolyzed with alkali. Un- 
fortunately, this method may not satisfactorily 
be applied to the determination of hydrochloro- 
thiazide. The use of much smaller doses of this 
diuretic does not permit one to make the dilutions 
called for in the Bratton-Marshall reaction. 
With smaller dilutions, however, interference is 
encountered from unknown components in the 
urine as observed earlier by Marshall, et al. (2). 
This interference can be corrected for by adding 
two to three diflferent levels of the drug to addi- 
tional aliquots of the same urine sample and using 
the values obtained as a standard curve. This 
method, however, suffers from a lack of sensi- 
tivity. The following sections describe a method 
of separating the drug from interfering substances 
and the development of a new method which is 
more specific in that it becomes possible to dis- 
tinguish hydrochlorothiazide from chlorothiazide 
and conjugated sulfonamides. 


mix, and let stand three minutes. Finally add 1 
ml. of 0.1% aqueous solution of N(l-naphthyl)- 
ethylene diamine dihydrochloride and within thirty 
seconds to one minute read the absorbance in the 
Klett-Summerson colorimeter fixed with a No. 54 
filter. 

Method B . — To the residue from the ethyl acetate 
extract of the urine is added 5 ml. of acetone along 
the sides of the tubes. Not all of the material 
may dissolve so that centrifugation may be neces- 
sary. At this point 0.5 ml. of acetone is removed 
and evaporated to dryness. To the dried residue is 
added 1 ml. of 15 M H-SOr containing 2 mg./ml. of 
chromotropic acid (l,8-dihydroxynaphthalene-3,6- 
disulfonic acid). Heat for five minutes in a boiling 
water bath, cool, and read color at 570 mg. 

For both methods standard curves are prepared 
bj' adding 20-100 meg. of drug to control urine 
samples and carrying them through the analysis. 
The standard solutions are prepared by' dissolving 
hydrochlorothiazide in acetone at a concentration 
of 1 mg./ml. The appropriate aliquot is placed in 
an empty tube, the acetone evaporated off, and the 
urine sample added. 

RESULTS 

In preliminary work using hydrochlorothiazide 
labeled with tritium it was observed that the ethyl 
acetate extracts the drug quantitatively’ from the 
urine. This effectively’ separates the drug from most 
of the interfering substances present. As observed 
in Table I, hydrochlorothiazide may be readily 
hy'drolyzed in fiv’e minutes by strong acid or alkali 
with the degiee of hy’droly’sis decreasing with de- 
creasing normality'. Since the use of acid hy’drolysis 
gives a lower color intensity’, alkaline hydrolysis was 
resorted to prior to doing the Bratton-Marshall 
reaction. In Fig. 1 it is observed that time as well 
as concentration of alkali are important factors m 
effecting a greater degree of hy’drolysis. After 


MATERIALS AND METHODS 

Preparation of Urine Extracts. — One milliliter of 
urine is diluted with 2 ml, of distilled water and 
extracted twice with 18 ml. of ethyl acetate. The 
pooled ethyl acetate extracts are evaporated to 
dryness in vaetto at 45°, 

Method A . — Add 1 ml. of 5 N NaOH to the dried 
residue and place in boiling water bath for thirty 
minutes. Cool and dilute with 8 ml. of distilled 
water. Acidify with 1 ml. of concentrated HCI. 
Add 1 ml. of 0.1% aqueous solution of sodium 
nitrite, mix, and let stand four minutes. Add 1 ml. 
of 0.5% aqueous solution of ammonium sulfamate, 

* Received October 12, 1959, from the Research Depart- 
ment. Ciba Pharmaceutical Products Inc., Summit N, J. 

A preliminary report of this work w’as presented at the 
135th hleeting of the American Chemical Society, Boston, 
Mass., April 1959. 

* Ciba’s trademark for hydrochlorothiazide is Esidrix. 


Table I.- — Effect of Normality of Acid and 
Alkali on Extent of Hydrolysis of Hydro- 
chlorothiazide 


Reagent 

Normality 

Relative Degree 
of Hydrolysis, 

5 Min.“ 

H:SO. 

6.00 

100 


3.00 

83 


1.50 

62 


0.75 

42 


0.38 

24 


0.19 

13 

NaOH 

10.00 

100 


5.00 

85 


2.50 

46- 


1.25 

17 


0.60 

12 


0.30 

7 


0.15 

3 


® These values are arbitrarily set at 100 and do not neces- 
sarily represent complete hydrolysis. 
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120 


Fig 1 — Effect of alkalinity on the degree of 
hydrolysis of hydrochlorothiazide Maximum color 
development under these test conditions is taken 
as 100% hydrolysis 200 meg hydrochlorothiazide 
in 2 ml solution at 100° 


coupling ivith the N(l-naphthyl)-ethylene diamine 
there is a tendency for some urine samples to increase 
in intensity' of color This is due to the presence of 
interfering substances which are not completely' 
eliminated by extraction with ethy'l acetate It is 
therefore advisable to read the samples within one 
minute, at which time color development with 
the drug alone is complete and remains stable for at 
least fifteen minutes 

^ The reaction with chromotropic acid is very rapid 

r .With maximum color being reached within five 
minutes and remaining stable for at least several 
hours The use of acetone to extract the ethy'l 
acetate residues is necessary to remove interfering 
substances farther Table II compares the chromo- 
tropic acid reaction with the Bratton-Marshall 
reaction on the urines trom some dogs which had 


received hydrochlorothiazide orally It is ob- 
served that the two methods give essentially iden- 
tiea! results 

The ethyl acetate extracts may be subjected to 
paper chromatography' to add greater specificity' 
to the method With butanol saturated with 0 1 jV 
NH4OH as the solvent, hy'drochlorothiazide has an 
Rf oi 0 62 by' the descending method The spots 
may be visualized ivith short wavelength ultra- 
violet light (265 mill) and eluted from the paper 
with acetone After evaporation of the acetone, 
the chromotropic acid reaction may be carried out. 

DISCUSSION 

Hydrochlorothiazide and chlorothiazide are hy- 
drolyzed by' acid or alkali to y'ield 4-amino-6- 
chlorobenzene-1, 3-disulfonamide In the Bratton- 
Marshall reaction the 4-amino group is diazotized 
with nitrous acid and then coupled with N(l- 
naphthy'l) ethy'lene diamine One way' to dis- 
tinguish the two drugs is by varying the time of 
hydrolysis Chlorothiazide gives maximum color 
after about five minutes, whereas the dihy'dro 
derivative requires at least thirty minutes The 
possible use of sulfonamides along with these di- 
uretics, however, would result in unusually' high 
values 

The chromotropic acid reaction readily differen- 
tiates between the two benzothiadiazine compounds 
In addition to the disulfonamide, chlorothiazide 
and hy'drochlorothiazide yield formic acid and 
formaldehy'de, respectively, on hydrolysis with acid 
The formaldehyde but not the formic acid will then 
react with the chromotropic acid to give the charac- 
teristic purple color This high degree of speci- 
ficity plus sensitivity makes the reaction with 
chromotropic acid the preferred method for the 
analysis of hydrochlorothiazide 

The sensitivity of both methods is of the order of 
10 meg /ml of urine when carried out as described 


Table II — Comparison of Chromotropic Acid 
AND Bratton-Marshall Reactions for Hydro- 
chlorothiazide IN Dog Urine 


Hydrochlorothiazide, meg / 
ml of Urine 



Collection 

Bratton 

Chromotropic 

Dog No 

Period, hr 

Marshall 

Acid 

59 

0-2 

157 

162 


2-4 

68 

66 


4-6 

57 

46 


6-7 4 

72 

64 


7 4-24 

20 

26 

25 

0-2 

115 

118 


2-4 

60 

54 


4-6 

55 



6-7 4 

54 

52 


7 4-24 

20 

22 


SUMMARY 

The application of the Bratton-Marshall re- 
action to the determination of hy'drochlorothia- 
zide has been described 

Another method, incorporating a high degree of 
specificity', involves the reaction of chromotropic 
acid xvitli formaldehyde liberated during the acid 
hy'drolysis of hy'drochlorothiazide 
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Effect of a Lowered Catalase Level on Actions of 

Cardiac Glycosides* 

\ 

By DUANE G. WENZEL and IVENS A. SIEGEL ^ 


Rats were given a high zinc diet to lower body 
catalase and simultaneously administered 
0 5 mg /Kg. digitoxin daily for five weeks 
The high zinc diet did not markedly alter the 
effect of digitoxin on serum or heart sodium 
or potassium It did reduce the ECG abnor- 
malities induced by digitoxin The high zinc 
diet also reduced the mortality of an acute 
dose of ouabain for mice (P < 0 05) but 
again did not affect the heart sodium or po- 
tassium 


' H *HE 01 scRVATiON that the unsatiirated lactone 
ring of the cardiac glvcosides is essential for 
the characteristic effects of these agents (1) 
has led to numerous studies of simple lactone 
moieties as possible cardiotonic drugs While 
certain unsaturated lactones produce systolic 
standstill m the frog heart (2 3), their effect on 
the mammalian heart has lieen both confirmed 
(4) and denied (o) The activit} of the lactones 
appears to be related to the formation of a h\- 
droperoxide (.0) Hjdrogen peroxide itself has 
been demonstrated to produce similar effects on 
the rat diaphragm (7) and digitoxin forms a 
peroxide that is highly effective m the inhibition 
of enzymes involved in cardiac metabolism (8) 

A potentially important enzyme in the bio 
logical activitj of peroxides is catalase Among 
the better knoiin actions of catalase are the de 
composition of peroxides and the oxidation of 
alcohols and aldehydes The report that the 
activity of the cardiac glycosides is unrelated to 
catalase (9) was based on a study^ conducted on 
frogs uith compounds having questionable 
activity' on the mammalian heart It was there 
fore decided to re examine the possible role of 
catalase m the functioning of the cardiac gly 
cosides The approach employed was to de- 
termine what, if any , changes in certain activities 
of the cardiac glvcosides would be produced by 
an w 1110 reduction of catalase (10) 

EXPERIMENTAL 

In order to determine the effect of catalase reduc- 
tion on the chronic activity of digitoxin in the rat. 
It w as first necessary to approximate a relatively non- 
toxic chronic dose of the drug Digitoxin was ad- 

•Received November 23 1900 from the University of 
Kansas School of Pharmacj Lawrence 

Abstracted from a portion of the data contained in a thesis 
submitted to the Graduate School of the University of 
Kansas b> Ivens A Siegel for the degree of Master of Science 
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This investigation was supported b> a research grant from 
the I niversit> of Kansas 


ministered in daily' mtraperitoneal doses of 0 125, 

0 25, 0 5, 1 0, 2 0, 4 0, and 8 0 mg /Kg to two rats 
per dose All rats used throughout the study were 
black hooded females yyeighmg from 170 to 200 Gm 
Digitoxin was administered for one week during 
which time daily ECG records were obtained under 
pcntobarbilahzation Records yyere obtained yyitli 
four standard leads bv means of an Edin 8122-1 
capacity coupled amplifier and a Brush BL 201 pen 
yyriting oscillograph Because of the rapid heart 
r ite, a paper speed of 125 nun /second y\as employed 
Vfter seyen days one animal in the 1 0 mg /kg 
dose group and all animals at larger doses had died 
Marked yy eight loss and electrocardiographic alien 
tions yyere prominent in these animals The ECG 
changes consisted of an increased P-R interval, S T 
segment depression, and an increase in QRS voltage 
\s all doses below 1 0 mg /Kg /day' produced mini 
nial weight and ECG effects, 0 5 mg /Kg /day of 
digitoxin was selected as the experimental dose 

Four groups consisting of ten rats per group yyere 
employed One group served as control, the other 
three groups yyert placed, respectiyeh, on digitoMii 
zinc fortified diet, and zinc plus digitoxin regimens 
The zinc fortified diet yyas prepared by' mixing zme 
carbonate with coirsely' ground Purina laboratory 
choyv to gt\ e a final zinc concentration of 0 
Electrocardiograms and serum sodium and potassium 
concentrations were obtained yveekly for fiye weeks 
Blood for the latter determination was yvithdraiui 
from the jugular xein yyhile the animal was under 
anesthesia follow mg electrocardiography A Beck 
man model 41 direct reading flame photometer ivas 
used to determine the serum sodium and potassium 
At the end of the fifth week all animals yyere sacri 
fied, the hearts removed to determine the sodium 
and potassium content (11) and the livers removed 
to determine their catalase content (12) 

The by er rather than the heart yy as anah zed for its 
catalase content as the liver, kidney , and ery thro 
c\tes are the principal locations of this enzyme 
Ey idence of its presence m other tissues has not onh 
been questionable (13), but we were unable to deter 
mine any catalase activity in the rat myocardium 
Furthermore, the well known importance of the 
lixer m the functioning of the mammalian heart (14) 
and the fact that injected digitoxin is quickly ant 
persistently fixed m an active form in the rat hver 
(15) makes the lixer the logical organ in which to 
determine catalase 

The preceding study' was designed to providey 
information concerning the relationship of catalase \ 
to chronic, relatively nontoxic levels of digitoxin / 
The following procedure was planned to relate they 
action of catalase to the lethal dose of ouabam 


The lethal range of ouabain was first approxii 


mated 


for male albino mice weighing between 30 and 4 
Gm This lethal range was then spanned "d' 
seven doses of digitoxin in a geometric progression 
of 1 5 Ten mice were uocd for each of the seven 
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clast.'; Se\cntv aimiials cccrc fed tlic 0 5'j, vmc 
(litt . 111(1 .111 tqii.il iniiiibcr llif ctmlrol diet for fi\c 
weeks The calculated doses of mi.ibaiii were then 

/ idmuiistered iiitr.ipentoiiealh to both groups 
Sodium and potassium coiicciilr.uioiis of all the c\ 
pcninental mouse hearts were determined at the 
tcriuinatiou of the experiment The concentrations 
of the'c cations were also determined in a group of 
ten untreated controls 

RISULTS AND CONCLUSIONS 

Electrocardiographic differences were obserxed 
between the digitoxiii and zinc-digitoxin treated 
rats The greatest and most consistent changes 
were obsened in the amplitude of the QRS voltage 
and III the character of the S T segment W hilc 
the control and zinc treated groups displai ed neg 
hgiblc alterations in the ECG, most of the digitoxin 
treated rats displaced increased QRS xolt.ige and a 
depressed S T segment A niinnnal QRS \ oltage 
increase and S T depression were seen in a niiiiontx 
of the zinc digitoxin animals 
The mean weekh scrum sodium and potassium 
\alues are presented m Figs 1 and 2 No sig 
nificant change m sodium had occurred at fix e w eeks 
although the sodium Icx’el of the digitoxin group had 
undergone a considerable fall A marked fall in 
serum sodium w as demonstrated in the zuic and zme 
digitoxin groups at the second week of treatment 
although both recox ered much of the sodium loss 
during the last three xxeeks The serum potassium 
values of the digitoxin groups were .all significantly 
f ilexated (P < 0 01) above the control at the one 
week period At tlie two week period the digitoxin 



toxin 



Fig 2 — Mean weeklj serum potassium values 
• .Control, O.digitoxui, T, zinc, V.zinc aiiddi- 
S'toxni 


(P < 0 01) and zme digitoxin (P < 0 05) were still 
clex’ated At the termination of the cxpeniiient, 
lumexcr, all treated groups demonstrated a shghti) 
lowered but remarkablx umform serum potassium 
eoiiteiit It IS apparent from the graphs that the 
zinc diet, instead of modifx ing the effect of digitoxin 
on the serum sodium and potassium, appeared toin- 
fluence the concentrations in the same genera! 
direction as the digitoxin 

Table I contains the mean heart sodium and potas- 
sium concentrations and the mean liver catalase 
activities There were no significant changes in 
sodium and potassium concentrations In both 
groups treated with zinc the catalase was reduced 
to about 60% of the concentration in the control or 
the digitoxin group The digitoxin did not affect 
the catalase lex'cls 

The mortahtx curves obtained with the ouabam- 
aiid the zinc ouabain treated mice are given m 
Fig 3 When analxzcd according to the method of 
Litchfield and Wilcoxcm (16), the LDoo’s and 95% 
confidence limits are 7 5 mg /Kg (5 59-10 05) for 
otiabain .and 1 1 7 mg /Kg (8 36-16 38) for zinc- 
ou.ibaiii The difference of the LD^o’s was barely 
significant at the 0 05% lex'e! The ranges of the 
mean heart sodium and potassium levels of all doses 
of the ouabain treated mice w ere 4 36-5 04 and 
7 19-7 98 mcq , respcctivelx The ranges of the 
sodium and potassium lex'els for the zinc ouabain 
hearts were 4 32-4 98 and 7 17-7 47, respectively 
Mean values for the ten control animals were 4 62 
for sodium and 7 47 meq for potassium It is 
apparent that neither the administration of ouabain 
nor the combined effect of ouabain and a zinc diet 
caused a significant alteration of the sodium and 
potassium concentrations This is m contrast to a 
rather general agreement that toxic doses of the 
cardiac gJvcosidcs liberate potassium from the 
heart muscle (17) 

The results as a whole are, at best, suggestive and 



Fig 3 — Mortalitv cun es obtained vv ith the oua- 
bain and the zinc-ouabain treated mice •, Con- 
trol, O, zincdiet, *, calculated points 
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Table I. — Mean Sodium and Potassium Content of the Hearts and Catalase Content of the 

Livers of Zinc- and Digitoxin-Treated Rats" 


Determination 

Control 

Digitoxin 

Zinc Diet 

Zinc Digitoxin 

Heart sodium'” 

5 226 ± 0 359 

5 082 ± 0 168 

4 464 ± 0 193 

4 788 ± 0 678 

Heart potassium*” 

7 124 ± 0 389 

6 510 ± 0 125 

6 410 ± 0 324 

6.475 ± 0 225 

Liver catalase' 

0 789 ± 0 0502 

0 793 ± 0 0235 

0 504 ± 0.0179 

0 505 ± 0 0640 


4 


2 


Meq /lOO Gm heart, wet weight 
' Meq NaBOs 4H20/mg liver, wet weight. 


\ 

V 


do not indicate any appreciable interaction betrveen 
the cardiac glj'cosides tested and the catalase level 
Even if marked changes in the action of the cardiac 
glycosides could be produced by a high zinc diet, 
one could not assume that the changes were a direct 
consequence of lowered catalase activity as thej' 
could be the result of some undefined effect of a 
zinc diet With this limitation in mind, there were 
two results in which the zinc diet seemed to reduce 
the activity of the cardiac glycosides It was quite 
apparent in the tendency to normalize the electro- 
cardiograms of the digitoxin-treated rats Like- 
wise, the reduction in the mouse-ouabain mortality 
produced by the zinc diet, although barely sig- 
nificant, was in the same direction at each of the 
seven doses tested It is quite possible that the 
mouse mortality may have been the result of toxicity 
to the brain as a number of the animals died in con- 
\'ulsive seizures Rats have been reported to be 
especially susceptible to the CNS effects of rapidly 
administered cardiac glycosides (18) It is possible 
that the change in the mortality may be related in 
some manner to the facts that the cardiac glycosides 
stimulate oxygen uptake by the brain ( 19), the brain 
has a low catalase content and is susceptible to 
hydrogen peroxide (20) 

SUMMARY 

1. The catalase level of female black-hooded 
rats and male albino mice was low'ered by the 
administration of a diet containing 0 5 per cent 
zinc. 

2. Zinc-fed rats and controls were admin- 
istered 0.5 mg./Kg./day of digitoxin for five 
weeks. Electrocardiograms and serum sodium 
and potassium were determined at w'eekly in- 
tervals. The hearts were anal 3 'zed for sodium 
and potassium and the liver for catalase at the 
end of the five-week period The zinc diet re- 


duced the rat liver catalase by 40 per cent and 
decreased the ECG abnormalities induced by 
digitoxin, but did not significantly alter the ef- 
fect of digitoxin on serum or heart sodium or 
potassium. 

3 The LDso of ouabain was determined in 
mice treated with zinc for five weeks and in con- 
trols The hearts were analyzed for sodium and 
potassium at the time of death. Treatment with 
zinc reduced the mortality' of the mice treated 
with ouabain (P < 0 05) but did not affect the 
sodium or potassium content of the heart. 
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The Alkaloids of Cissampelos pareira Linn, and the Origin of 

Radix Pareirae Bravae 

By S. MORRIS KUPCHAN, NAOKATA YOKOYAMA, and JACK L. BEALf 

The roots and -vines of Cissampelos pareira Linn, from Madras yielded /-curine, d-iso- 
chondrodendrine, and hayatin. Preliminary pharmacological study of the methanol- 
extractable alkaloids, of the methiodide prepared from the latter mixture, and of the 
quaternary alkaloids, showed that all had curare-like activity. The relationship of 
the composition and pharmacological activity of the alkaloidal mixture to the prob- 
lem of the botanical source of the drug radix pareirae bravae is discussed. 


C ISSAMPELOS PAREIRA Linn, is a climbing 
shrub distributed throughout tropical and 
subtropical India and warm parts of Asia, East 
Africa, and America. The roots are reported to 
have found use as a diuretic, febrifuge, heart trou- 
ble remedy, and against dysentery and sores (1). 

Wiggers in 1840 (2) isolated an amorphous 
alkaloid from the roots of a South American C. 
pareira sample, and the name pelosine was as- 
signed to the alkaloid. Scholtz (3, 4) showed 
that pelosine is identical with /-curine (/-bebeer- 
ine'). Bhattacharji, Sharma, and Dhar re- 
ported in 1956 (5) that C. pareira Linn, from 
Kashmir yielded two new alkaloids, hayatin and 
hayatinin, and that the same species from Pilibhit 
yielded hayatin and /-curine, but no hayatinin. 
The methiodide of hayatin was shown to possess 
powerful neuromuscular blocking activity com- 
parable to that of d-tubocurarine chloride (6). 

The present report describes a preliminary 
study of the alkaloids of the roots and vines of 
C. pareira Linn, from Madras. Coarsely ground 
plant was extracted successively with petroleum 
ether, methanol, 1.5 per cent triethylamine in 
methanol, and 1.5 per cent hydrochloric acid 
solution. Each extract was processed for alka- 
loid content by the procedure summarized in 
Fig. 1. The crude fractions thus obtained were 
either crystallized directly, or subjected to chro- 
matography on alumina, whereby separation 
into crystallizable fractions was effected. The 
isolation procedure afforded /-curine as the prin- 
cipal isolable alkaloidal constituent (1.2 per cent), 
and d-isochondrodendrine (0.2 per cent) and ha}”^- 
atin (0.005 per cent) as lesser isolable constit- 
uents. It is noteworthy that the plant from 

* Received January^ 18, 1960, from the Department of 
Pharmaceutieal Chemistry, School of Pharmacy, University 
of Wisconsin, Madison. 

Supported in part by a grant from the National Heart 
Institute [H-2052 (C2)). 
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* The name curine is preferable to the ill-chosen term 
bebeerine. See the discussion by Wintersteiner, O., "Curare 
and Curare-Like Agents," Elsevier Publishing Co., Amster- 
dam, 1959, pp. 153-154. 


Kashmir jdelded more hayatin (0.15 per cent) 
but no /-curine, whereas the sample from Pilibhit 
yielded /-eurine (0.33 per cent) but neither hay- 
atinin nor d-isochondrodendrine (5). Prelim- 
inary pharmacological study of our methanol- 
extractable alkaloids (fractions A, B, and C), of 
the methiodide prepared from the latter mixture, 
and of the quaternary alkaloids (fraction G) 
showed that all had curare-like activity." 

C. pareira was regarded for a great many 
j'ears as the botanical origin of the drug radix 
pareirae bravae. In 1648, Piso (7) and Maregrav 
(8) both described and figured a plant with a 
wide distribution in the New World known as 
Caapeba, which had a reputation in the treat- 
ment of calculus and other bladder complaints. 
The fact that Caapeba was used in. the treatment 
of the same ailments for which pareira brava was 
used led to the early presumption that Caapeba 
was the botanical origin of pareira brava. Fur- 
thermore, Piso’s description of the fruit of the 
Caapeba plant closely fitted the fruit of Cis- 
sampelos pareira. Linnaeus in 1763 gave the 
name C. pareira to Caapeba (9) and thereby lent 
the weight of his authority to the belief that 
pareira brava originated from C. pareira. Wood- 
ville (10) in 1790 listed pareira brava as a synonym 
for C. pareira and spoke of them interchangeably. 
Loudon (11) in 1841 also stated that C. pareira 
was the botanical origin of pareira brava. In 
four revisions of the United States Pharmacopeia 
beginning in 1842 (12-15), C. pareira Linn, was 
recognized as the origin of the drug pareira, the 
official name of pareira brava. 

Hanbury (16) in 1873 reopened the question 
of the botanical origin of pareira brava. He com- 
pared samples of the drug from Brazil wdth au- 
thentic specimens of C. pareira Linn, from 
Jamaica, Trinidad, Ceylon, and Brazil and re- 
ported that in a histological study the samples of 


* The authors wash to thank Mr. Edward Macko of the 
Smith Kline and French Laboratories, Philadelphia, Pa., 
for the pharmacological results reported herein. 
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Fig. 1 — Flow slieet tor separation of alkaloids of Cis^ampclos parciia Linn. 


pareira hrava differed notably from the Cissam- 
pelos specimens Hanbury drew the conclusion 
that the pharmacologically-active pareira hrava 
came from Chondrodendron tomenlosnm. He 
stated, however, that in England a drug called 
pareira hrava, completely devoid of medicinal 
value, was being sold and he claimed that the 
English drug was C pareira. Flanbury’s work 
appears to have exerted a profound influence on 
the subject. The sixth revision of the United 
States Pharmacopeia (17) in 1882 listed Cli. 
lomentosiim as the official botanical origin of 
pareira. In addition, many other authoritative 
oublieations accepted Hanbury’s contention 
1 More recently, Krukhoff and Moldenkc 

■rplly surveyed the American Alem- 
^uc and concluded that Ch. platyphyllum 
11 .) Miers is the major source of paicira 
1899, Scholtz (4) isolated /-curine from 
neira hrava. Somewhat later, Scholtz and 
Koch (27) examined a large ciuantity of pareira 
hrava from a different commercial source and 
found only traces of /-curine. As a result of these 
recorded variations and of their owi experiences, 
Faltis and Neumann (28) came to the conclusion 
that Ch. platyphylhm (St. Hil.) Miers is the 
true source of pareira hrava but that unless 
from closely allied species exist nhich cann 
differentiated by the phannacognosist, it 
that Ch. platyphylluvi is subject to clima 
seasonal influences which determine tlv 


of the alkaloid content. The most significan 
chemical contribution to the field has been that c 
King in 1940 (29) King studied the alkaloid 
of radix parcirac bravae of the English market, c 
botanically identified Ch. platyphyllum (St. Hil 
Miers collected in Brazil in the region of Rio d 
Janiero and from Bahia, and of Ch. microphylUw 
also collected near Bahia. The root of Cl 
platyphyllum from Rio de Janiero containC' 
/-curine and (/-isochondrodendrinc, and the sam 
alkaloids were found in the root of the species co 
lected near Bahia and identified as pareira hrax 
by a local exporter of medicinal plants. Cl 
microphyllu?): from Bahia contained (/-curine an 
(/-isochondrodendrinc Radix parcirac bravae o 
the English market also contained (/-curine am 
(/-isochondrodendrinc in addition to a smal 
amount of /-isococlaurine. King concluded whei 
parch a hrava yields /-curine it comes from Clt 
platyphyllum and when it yields (/-curine, fror 
Ch. microphylliim 

It is noteworthy that our study of C. parein 
Linn, has demonstrated that the principal isolabl 
alkaloids, /-curine and (/-isochondrodendrinc, ar 
the same as the principal isolable alkaloids o 
Ch. plpJ^’'!’vllum (St Hil ) Miers. The deter 
botanical source of pareira bran 
of the present work, and m 
■fxareira hrava is so comiiie 
iiossible to determine th 
’ source of the drui, 
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In the light of our findings conccming the isolablc 
alkaloids and curaic like activits of C parcira 
Liim , the conclusions of Ilanbun (10), King (29), 
and others conccnimg the lack of medicinal value 
of the latter plant appear unnarranted It ap- 
pears reasonable that inedicmallv-uscful paietra 
n lima may have originated at various times m 
historv from either Cissampclos paretia Linn or 
tile Clwiidrodctidioii species now regarded as the 
true sources 

t- 

I EXPERIMENTAL 

' Melting points have been corrected for stem 
exposure t'^alucs of [ajn haie been approximated 
to the nearest degree Infrared spectra were deter- 
mined on a Baird double beam infrared recording 
,.1 spectrophotometer Ultraviolet absorption spectra 
w ere determined m 95% ethanol on a Carx recording 
spectrophotometer (model 11 MS) Paper chroma 
tograplu w as conducted bv the descending technique 
on Whatman No 1 paper 

jjl' Extraction of Alkaloids from Cissawpelos pareira. 
Separation into Mam Fractions — Coarsely ground 
C {larcira^ (air dned roots and vines, 3 Kg ) from 
Madras was extracted continuouslv for four da\s 
with petroleum ether (Skellx B, b p 60-80°) in a 
Soxhlet tx pe extractor Evaporation under re 
duced pressure left a seniisohd residue (138 Gm ) 
A portion of the residue (10 3 Gm ) was dissolxed m 
chloroform (100 cc ) The chloroform solution xxas 
L XX ashed xxith xxater (10 cc ) and xxas then extracted 
hd xxith 5% hxdrochlorie acid (three 50 cc portions) 

(1 The combined acid extract xxas xx ashed xxith ether 
(three 20 cc portions) and was then made alkaline 
xxith ammonium hxdroxide The alkaline solution 
xxas extracted repeatedl} xxith chloroform, and the 
iir chloroform extracts xxere combined and concen 
p trated to about 100 cc The extraction into acid 
and reconx ersion to free base xvas repeated as above 
The chloroform extract xxas dried oxer anhxdrous 
‘ < sodium sulfate and ex aporated to drx ness under 

'<'1 1 reduced pressure to xield 150 mg of fraction A (sec 

J Tig 1) 

I I The dned marc remaining from the petroleum 

I ether extraction xvas next extracted contmuousl> 
with methanol, xxith a fresh charge of solvent at 
the end of txvo daxs MOien the extraction xxas 
stopped, after five dax s, the extract returning to the 
I pot xielded upon exaporation, a residue which did 
not gixe a positive test xxith Maxer’s reagent The 
methanol extract xxas concentrated under reduced 
pressure to a brow n sennsolid residue This residue 
was triturated xxith petroleum ether (500 cc ) to 
remove remaining oil M orkup of tins petroleum 
ether extract as aboxe xieldcd 610 rag of alkaloid 
' fraction B The petroleum ether insoluble residue 

/ was next triturated xxith 1 5% hxdrochlorie acid (2 
. L) The tract was washed with ether (three 
' 500 cc made alkaline xxith ammonium 

In drox ^ "acted with chloroform (5 L ), 

a sina'' insoluble precipitate xxhich 

stpir.ii flee was rejected To sepa 

1 \ he ‘ C n Sulnclnm Unixcrsitx 

jh I inx India far confirminR the iden 

lx ol 1 nnd Co Madras India for 

, It 1 plant materials to ns 

i 


rate the phenolic alkaloids, the chloroform solution 
was extracted with 1% sodium hxdroxide solution 
(2 L ), and the stronglx alkaline extract xxas xxaslied 
xxith chloroform Tlie alkaline extract was treated 
with suflicient solid animoniuin chloride to bring the 
pH to about S 6, xv hereupon a pale velloxv precipitate 
separated The solution xxas extracted exhaustivelx 
xxith chloroform, the chloroform extract xxas 
washed xxith xxater, dried ox»er anhjdrous sodium 
sulfate, and evaporated to drxmess under reduced 
pressure to xield 50 Gm of brown phenolic alkaloid 
fraction C The chloroform washings xxere com- 
bined with the chloroform solution of nonphenohe 
alkaloids and xxith a chloroform solution of the 
corresponding fraction derived bx' triethvlamine 
methanol extraction (see beloxx) The combined 
solution xxas washed xxith water, dried over anhx 
drous sodium sulfate, and evaporated to drxnes-; 
under reduced pressure to xield 11 Gm of brown, 
semisolid, nonplienolic alkaloid fraction D 

The marc remaining from the methanol extraction 
xxas next extracted contmuouslx xxith 1 5% tn 
metlnlararae m methanol for six dajs When the 
extraction xxas stopped, the extract returning to the 
pot xielded, upon evaporation, a residue xxhich did 
not give a positive test xxith Majer's reagent The 
marc remaining from this extraction was percolated 
with 1 5% hxdrochlorie acid (5 L ) The tnethjl 
amine-methanol extract was evaporated to drjmess 
under reduced pressure, and the residue xxas tntu 
rated xxith the hx drochlonc acid extract of the mare 
The acid solution xxas xx ashed xxith chloroform 
(three 1-L portions) and xxas then made alkaline 
with ammonium hxdroxide The alkaline solution 
xxas extracted repeatedlx with chloroform and the 
insoluble precipitate xvhich remained at the interface 
was collected (fraction F, 25 Gm ) The chloroform 
solution was treated as above to separate a non- 
phenobc portion (combined into fraction D) and the 
phenolic alkaloid fraction E (7 Gm ) The aqueous 
lax er xx as combined xx ith all the other aqueous lax ers 
obtained during the fractionation procedure, acidi- 
fied with hxdrochlorie acid, and treated xxith a 
saturated Reinccke salt solution The dried 
Rcmeckate salt (136 Gm ) of the quaternarx alka- 
loids xxas treated essentiallx bj the method of 
Tomita and Kikuchi (30) to liberate the quaternarx 
alkaloids The salt xxas dissolved in acetone 
After filtration of insoluble solids, the acetone solu 
tion xxas treated with saturated aqueous silver 
sulfate solution to complete precipitation The 
Sliver Reincckate was reniox'ed bx filtration, and the 
filtrate was treated with barium chloride solution to 
complete precipitation After removal of the bar- 
ium sulfate bj centrifugation, the supernatant solu 
tion was evaporated to drx ness under reduced 
pressure to jield 55 Gm of quaternarx cblondc 
fraction G Studies of this fraction xx ill be reported 
at a later date 

Isolation of Alkaloids — Fraction A — Crxstalltza- 
tion of the crude alkaloid fraction (150 ing ) from 
methanol afforded needles (108 mg ), m p 217- 
219°. (oId’ -293° (c I 00, ethanol), -317° 

(c 1 15, CHCl,), 280 mp (f 9,300), 285 inp 
(e 9,200) The melting point was not depressed on 
admixture with an authentic sample of / euniic ' 

‘Tlic nuthors tli int Dr jsmes D Diitclicr Squclil, 
Institute for xlcdicnl Rcsc-irch Vc« Brnnsnick N I tonn 
lutbentic sample of / cunne 
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Fig. 1 — Flow sheet for separation of alkaloids of Cissampelos pareira Linn, 


pareira brava differed, notably from the Cissam- 
pelos specimens Hanbury drew the conclusion 
that the pharmacologically-active pareira brava 
came from Chondrodendron tomentosiim. He 
stated, however, that in England a drug called 
pareira brava, completely devoid of medicinal 
value, was being sold and he claimed that the 
English drug was C. pareira. Hanbury’s work 
appears to have exerted a profound influence on 
the subject. The sixth revision of the United 
States Pharmacopeia (17) in 1882 listed Ch. 
tomentosiim as the official botanical origin of 
pareira. In addition, many otlier authoritative 
publications accepted Hanbury’s contention 
(18-25). IMore recently, Krukhoff and Moldenke 
(26) critically surveyed the American Mctii- 
spermaceac and concluded that Ch. platypliylliim 
(St. Hil.) hliers is the major source of pareira. 

In 1899, Scholtz (4) isolated /-curine from 
pareira brava. Somewhat later, Scholtz and 
Koch (27) examined a large quantity of pareira 
brava from a different commercial source and 
found only traces of /-curine. As a result of these 
recorded variations and of their own experiences, 
Faltis and Neumann (28) came to the conclusion 
that Ch. platyphyllum (St. Hil.) iSIiers is the 
true source of pareira brava but that unless roots 
from closely allied species exist which cannot be 
differentiated by the pharmacognosist, it may be 
that Ch. platyphyllum is subject to climatic and 
seasonal influences which determine the nature 


of the alkaloid content. The most significant 
chemical contribution to the field has been that of 
King in 1940 (29). King studied the alkaloids 
of radix pareirae bravae of the English market, of 
botanically identified Ch. platyphyllum (St. Hil.) 
Miers collected in Brazil in the region of Rio de 
Janiero and from Bahia, and of Ch. microphylhm, 
also collected near Bahia. The root of Ch. 
platyphyllum from Rio de Janiero contained 
/-curine and ff-isochondrodendrine, and the same 
alkaloids were found in the root of the species col- 
lected near Bahia and identified as pareira brava 
by a local exporter of medicinal plants. Ch. 
microphyllum from Bahia contained rf-curine and 
(/-isochondrodendrine. Radix pareirae bravae of 
the English market also contained (/-curine and 
(/-isochondrodendrine in addition to a small 
amount of /-isococlaurine. King concluded when 
pareira brava 5 ’ields /-curine it comes from Ch. 
platyphyllum and wiien it yields (/-curine, from 
Ch. microphyllum. 

It is noteworthy that our stud}’ of C. pareira 
Linn, has demonstrated that the principal isolable 
alkaloids, /-curine and (/-isochondrodendrine, arc 
the same as the principal isolable alkaloids ol 
Ch, platyphyllum (St. Hil.) Miers. The deter- 
mination of the botanical source of pareira brava 
is bej’ond the scope of the present work, and m- 
deed, the history of pareira brava is so comme.\ 
that it may now be impossible to determine th” 
original historical botanical source of the drut, 
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In the light of our liiidings coiiccniing the isolable 
alkaloids and curare-like activity of C. parcira 
Linn., the conclusions of Ilanbury (10), King (29) , 
and others concerning the lack of medicinal value 
of the latter plant appear unwarranted. It ap- 
pears reasonable that incdicinally-useful parcira 
'«• brava may have originated at various times in 
history from either Cissampclos parcira Linn, or 
the Chondrodendron species now regarded as the 
■ true sources. 

f.' 

1 . EXPERIMENTAL 

I.-;' 

Melting points have been corrected for stem 
• exposure, t'alues of [a]n have been approximated 
to the nearest degree. Infrared spectra were deter- 
mined on a Baird double beam infrared recording 
is:-, spectrophotometer. Ultraviolet absorption spectra 
; were determined in 95% ethanol on a Cary recording 
' spectrophotometer (model 11 MS). Paper chronia- 
tographj- was conducted by the descending technique 
on Whatman No. 1 paper. 

Extraction of Alkaloids from Cissampclos parcira. 
Separation into Main Fractions.— Coarsely ground 
C. Parcira^ (air-dried roots and vines, 3 Kg.) from 
Madras was extracted continuously for four days 
; with petroleum ether (Skelly B, b. p. 00-80°) in a 
Soxhlet-type extractor. Evaporation under re- 
duced pressure left a semisolid residue (138 Gm.). 

; _ A portion of the residue (10.3 Gm.) was dissolved in 
chloroform (100 cc.). The chloroform solution was 
washed with water (10 cc. ) and was then extracted 
I'll with 5% hydrochloric acid (three 50-cc. portions). 
(_f' The combined acid extract was washed with ether 
(three 20-cc. portions) and was then made alkaline 
with ammonium hydroxide. The alkaline solution 
was extracted repeatedly with chloroform, and the 
it chloroform extracts were combined and concen- 
(i trated to about 100 cc. The extraction into acid 

iji and reconversion to free base was repeated as above. 

The chloroform extract was dried over anhydrous 
sodium sulfate and evaporated to dryness under 
j reduced pressure to yield 150 mg. of fraction A (see 

• Fig. 1). 

j The dried marc remaining from the petroleum 
j I ether extraction was next extracted continuously 
with methanol, with a fresh charge of solvent at 
' I the end of two days. When the extraction was 
! : stopped, after five days, the extract returning to the 

j pot 3 ’ielded upon evaporation, a residue which did 
not give a positive test with Mayer’s reagent. The 
' methanol extract was concentrated under reduced 
. pressure to a brown semisolid residue. This residue 
was triturated with petroleum ether (500 cc.) to 
! remove remaining oil. Workup of this petroleum 
I ether extract as above i-ielded 610 mg. of alkaloid 
I / fraction B. The petroleum ether-insoluble residue 
I was next triturated with 1.5% hydrochloric acid (2 
. U.). The acid extract was washed ivith ether (three 

/ \ 500-cc. portions), made alkaline with ammonium 

I ' hydroxide, and extracted with chloroform (5 L.); 
i a . small quantitj- of insoluble precipitate which 
separated at the interface was rejected. To sepa- 

• Vhc uutlmrs thank Dr. C. B, Sulochana, University 
Jlntany Laboratory, Madras, India, for confirminK the iden- 
'ty of the plant, and Rajaranga and Co., Madras, India, for 
^filhering and forwarding the dried plant materials to us. 


rate the phenolic alkaloids, the chloroform solution 
was c.xtracled with 1% sodium hydroxide solution 
(2 L.), and the strongly alkaline extract was washed 
with chloroform. The alkaline extract was treated 
with sufficient solid ammonium chloride to bring the 
pH to about 8.5, whereupon a pale yellow precipitate 
separated. The solution was extracted exhauStiveh' 
w'ith chloroform ; the chloroform extract was 
washed with water, dried over anhj'drous sodium 
sulfate, and evaporated to drvmess under reduced 
pressure to j’ield 50 Gm. of brown phenolic alkaloid 
fraction C. The chloroform washings were com- 
bined W'ith the chloroform solution of nonphenolic 
alkaloids and with a chloroform solution of the 
corresponding fraction derived bj' trietliylamine- 
methanol extraction (see below). The combined 
solution was washed with w'ater, dried over anhx’- 
drous sodium sulfate, and evaporated to drj'ness 
under reduced pressure to yield 11 Gm. of brown, 
semisolid, nonphenolic alkaloid fraction D. 

The marc remaining from the methanol extraction 
was next extracted continuous!}' with 1.5% tri- 
methylamine in methanol for six days. When the 
extraction was stopped, the extract returning to the 
pot yielded, upon evaporation, a residue which did 
not give a positive test with Mayer’s reagent. The 
marc remaining from this extraction was percolated 
with 1.5% hydrochloric acid (5 L,). The triethyl- 
amine-methanol extract was evaporated to dr}mess 
under reduced pressure, and the residue was tritu- 
rated with the hydrochloric acid extract of the marc. 

The acid solution was washed with chloroform 
(three 1-L. portions) and was then made alkaline 
with ammonium hydroxide. The alkaline solution 
was extracted repeatedly with chloroform and the 
insoluble precipitate which remained at the interface 
w'as collected (fraction F, 25 Gm.). The chloroform 
solution was treated as above to separate a non- 
phenolic portion (combined into fraction D) and the 
phenolic alkaloid fraction E (7 Gm.). The aqueous 
layer was combined with all the other aqueous layers 
obtained during the fractionation procedure, acidi- 
fied with hydrochloric acid, and treated with a 
saturated Reinecke salt solution. The dried 
Reineckate salt (136 Gm.) of the quaternary alka- 
loids was treated essentially by the method of 
Tomita and Kikuchi (30) to liberate the quaternary 
alkaloids. The salt was dissolved in acetone. 
After filtration of insoluble solids, the acetone solu- 
tion was treated with saturated aqueous silver 
sulfate solution to complete precipitation. The 
silver Reineckate was removed by filtration, and the 
filtrate was treated with barium chloride solution to 
complete precipitation. After removal of the bar- 
ium sulfate by centrifugation, the supernatant solu- 
tion was evaporated to dryness under reduced 
pressure to yield 55 Gm. of quaternary chloride 
fraction G. Studies of this fraction will be reported 
at a later date. 

Isolation of Alkaloids — Fraclinn A. — Crystalliza- 
tion of the crude alkaloid fraction (150 mg.) from 
methanol afforded needles (108 mg.), m. p. 217- 
219°: Itt]=D -293° (c 1.00, ethanol): [a]i,” -317° 

(c 1.15, CHCh): 280 m^ (e 9,300): 285 mp 

(c 9,200). The melting point was not depressed on 
admixture with an authentic sample of /-curinc.^ 

♦The authors thank Dr. James D. Dutchcr, Sejuibb 
Institute for Medical Research, New Brunswick, N. J., for an ^ 
authentic sample of f-curinc. 
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The paper chromatographic behavior® and infrared 
spectrum in chloroform solution were identical with 
those of the authentic /-curine sample. 

Fraction B — Crystallization of the crude alkaloid 
fraction (610 mg ) from methanol gave 420 mg of /- 
curine 

Fraction C — Crystallization of the crude alkaloid 
fraction (50 Gm.) from methanol afforded 41 5 Gni 
of a crude microcrystalline mixture, m p. 209-211°. 
A portion of the microcrystalline mixture (1.105 
Gm.) was chromatographed on Woelm "neutral” 
alumina (20 Gm.). The alkaloid was applied to 
the column as a solution in benzene and the column 
was developed by successive elution with benzene- 
chloroform, chloroform, chloroform-methanol, and 
finally with methanol The various fractions were 
recombined according to their paper chromato- 
graphic behavior. Crystallization from methanol 
of the alkaloids recovered from the benzene, benzene- 
chloroform, and chloroform eluates gave /-curine. 
The chloroform-1% methanol and chloroform-3% 
methanol eluates gave a mixture of /-curine and a 
second higher melting alkaloid Fractional cr 3 ’stal- 
lization from methanol ultimatelj' gave 812 mg of 
/-curine and 128 mg. of the second alkaloid, m p. 
318-319° (decompn.), -1-59° (c 1 15, pj'r.); 

Xlx 273.5 mu (« 4,500), 282 mu (e 4,400) The 
melting point was not depressed on admixture with 
an authentic sample of d-isochondrodendrine ® The 
paper chromatographic behavior* and infrared 
spectrum (KBr pellet) were identical with those of 
the authentic d-isochondrodendrine sample Meth- 
ylation with diazomethane afforded the known 
dimethjd ether of d-isochondrodendrine, cj’cleanine, 
m. p. 273-274°, -8 5° (c 4.65, CHCl,) 

276 mfi (< 4,000), 284 mti (e 3,800). The melting 
point was not depressed on admixture of an authen- 
tic sample of cj’cleanine ® The paper chromato- 
graphic behavior and infrared spectrum in chloro- 
form were identical with those of the authentic 
cveleanine sample. 


alumina (20 Gm.) by the procedure described abovi 
gave 387 mg. of /-curine, 440 mg. of d-isochondro 
dendrine, and 210 mg. of hayatin. The papei 
chromatographic behavior® of the noncrystallinf 
fractions indicated the presence of /-curine as : 
principal component. 

Fraction F . — Extraction of this highly insolubl 
fraction in a Soxhlet extractor with methanol fo 
two days followed bj' concentration of the methane 
extract j’ielded 2.46 Gm. of /-curine. Furthe 
extraction with pyridine failed to give any addi 
tional alkaloidal material. 

PHARMACOLOGICAL RESULTS 

Preliminarj’ pharmacological tests were performec 
on the total methanol-extractable alkaloids (frac 
tions A, B, and C), on the methiodide preparec 
therefrom, and on the quaternary alkaloid fraction. 
The nonquaternarj’ bases produced only bradj’pne; 
and moderate decreased activitj’ after doses of 2,00( 
■ng./Kg. orallj’ in the mouse. Intraperitoneally 
these alkaloids produced prolonged depression o 
motor aetivitj’ after doses as low as 50 or 100 mg., 
Kg., and letlial effects at 250 mg./Kg. Thi' 
material differed slightly from the methiodide or d 
tubocurarine With the latter two, no overt effecti 
or transient CNS depressing effects are observer 
below lethal doses. With the nonquaternary bases 
parenteral doses below the lethal dose caused de 
pression for more than eight hours. After an acute 
intravenous dose of 2.5 to 10.0 mg./Kg. in the 
pentobarbitalized cat, the nonquatemary base: 
produced respiratorj’ arrest. Hj’potension was ac 
companied bj’ respiratorj’ depression at nontoxi 
dose levels. Onlj’ the responses to peripheral vaga 
stimulation were blocked or diminished. No othei 
significant autonomic changes were observed. 

The methiodide mixture produced exophthalmia 

nf mntnr nntivitv ncnVivxi} 
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mg./Kg (cumulative 4.0 lug./Kg.). Larger doses 
of 5 or 10 mg./Kg. jiroved lethal due to respiiatory 
arrest No autouoiuic effects were noted. None of 
the alkaloid fractious showed significant diuretic 
activity iu the rat. 
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Antimicrobial Activity, In Vitro, 
of Chlorhexidine"^ 

By C. A. LAWRENCE 

Comparative in vitro tests indicate that chlorhexidine has greater antibacterial 
activity than benzalkonium chloride, a combination of o-phenyl- and p-tert-imy\- 
phenol, and an iodine-polyvinylpyrrolidone complex under the test conditions. 
Chlorhexidine in relatively high dilutions was effective against several cultures of 
Gram-negative bacteria in the phenol coefficient test. In moderate concentrations, 
it was active against staphylococci and anaerobes. 


N INCREASING number of reports in the 
British and Canadian literature describe the 
strong antimicrobial activity and clinical prop- 
erties of a new germicide chlorhexidine, his(,p- 
chlorophenyl-diguanido)hexane,^ which has the 
following chemical configuration 



*Recei\ed December 18, 1959, from the Los Angeles 
ounty Health Department and the Department of Infec- 
ous Diseases, Uni\ersity of California ^Iedlcal Center, Los 
lUgeles 

^ ‘ Hibitane, Imperial Chemical (Pharmaceuticals) Ltd , 
■ngland, available in the United States from Ayerst Labora- 
3nes, Inc , New York, N Y. 


The compound is a colorless, odorless, strongly 
basic, highly insoluble salt with a melting point 
of 134° The diacetate substance has a melting 
point of 154° and is soluble to approximately 1.9 
per cent in water, whereas the dihydrochloride 
has a melting point of 275° and has a solubility of 
only 0 06 per cent (1). 

As with other germicides, chlorhexidine is re- 
duced somewhat in antimicrobial activity by 
certain organic substances, i. e., milk, blood, pus, 
etc.; however, this reduction is less marked than 
that observ^ed with some of the other commonlj- 
used germicides (2). In mouse injection experi- 
ments, the compound still exerts its full effect 
when suspended in 0 2 per cent soap, is compati- 
ble with nonionic and cationic detergents (1), 
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The paper chromatographic behavior* and infrared 
spectrum in chloroform solution were identical with 
those of the autlientic /-citrine sample. 

Fraction B — Crystallization of tlie crude alkaloid 
fraction (610 mg ) from methanol gave 420 mg. of /- 
curine. 

Fraction C . — Crystallization of the crude alkaloid 
fraction (50 Gm.) from methanol afforded 41.5 Gm. 
of a crude microcrystalline mixture, m. p. 209-211°. 
A portion of the microcrystalline mixture (1.105 
Gm.) was chromatographed on Woelm “neutral” 
alumina (20 Gm.). The alkaloid was applied to 
the column as a solution in benzene and the column 
was developed by successive elution with benzene- 
chloroform, chloroform, chloroform-methanol, and 
finally with methanol. The various fractions were 
recombined according to their paper chromato- 
graphic behavior. Crystallization from methanol 
of the alkaloids recovered from the benzene, benzene- 
chloroform, and chloroform eluates gave /-curine. 
The chloroform-1% methanol and chloroform-3% 
methanol eluates gave a mixture of /-curine and a 
second higher melting alkaloid. Fractional crystal- 
lization from methanol ultimatel 3 ’ gave 812 mg of 
/-curine and 128 mg. of the second alkaloid, m. p 
318-319° (decompn.), Wy -t-59° (c 1.15, pyr ); 
M.' 273.5 m/i (e 4,500), 282 m^ (t 4,400) The 

melting point was not depressed on admixture with 
an authentic sample of d-isochondrodendrine.® The 
paper chromatographic behavior* and infrared 
spectrum (KBr pellet) were identical with those of 
the authentic d-isochondrodendrine sample. Meth- 
ylation with diazomethane afforded the known 
dimethj’l ether of d-isochondrodendrine, cj’cleanine, 
m- p. 273-274°, fa)” -8.5° (c 4.65, CHCh) X);':. 
276 ttiM (e 4,000), 284 m^ (e 3,800). The melting 
point was not depressed on admixture of an authen- 
tic sample of cycleanine.* The paper chromato- 
graphic behavior and infrared spectrum in chloro- 
form were identical with those of the authentic 
cycleanine sample. 

Fraction D —Chromatography of the alkaloid 
fraction by the procedure described above yielded 
2.70 Gm. of /-curine, 110 mg. of d-isochondrodendrine, 
and 105 mg. of a third, high melting compound 
Recrystallization of the third compound from aque- 
ous pyridine gave colorless microcrystals, m. p. 301- 
302° (decompn.); [a]” 0° (c 1.02, pyr.); X^^ 

282 m/I (< 8,200). The melting point was not de- 
pressed on admixture with an authentic sample of 
haj-atin.’ The paper chromatographic behavior* 
and infrared spectrum (KBr pellet) were identical 
with those of the authentic haj'atin sample. 

Fraction E . — Crystallization of the alkaloid frac- 
tion (7 Gm.) from methanol gave 2.8 Gm. of a crude 
microcrj’stalline mixture, m. p. 260-265°. Chro- 
matography of a portion (1.10 Gm.) on neutral 


5 The procedure and solvent system used were essentially 
those of Tomita and Watanabe (31). The method involved 
the use of paper pretreated with buffer at oH 3.5 and the 
detection of alkaloidal spots %vith a chloroform solution of 
bromophenol blue. The solvent system was the upper layer 
of a mixture of «-butanol : acetic acid: water (07:10:23 by 
volume) prepared by shaking well and allowing to stand at 
room temperature for two days. 

* The authors thank Professor Masao Tomita, Kyoto 
University, Japan, for authentic samples of d-isochondroden- 
drine and its 0,0-dimethyI ether, cycleanine. 

“ The authors thank Dr. S Bhattacharji, Central Drug 
Research Institute, Lucknow, India, for an authentic sample 
of hayatin. 


alumina (20 Gm.) by the procedure described above ] 
gave 387 mg. of /-eurine, 440 mg. of d-isochondro- 
dendrine, and 210 mg. of hayatin. The paper 
chromatographic behavior* of the noncrystalline ' 
fractions indicated the presence of /-curine as a 
principal component. 

Fraction F . — Extraction of this highly insoluble 
fraction in a Soxhlet extractor with methanol for 
two daj's followed by concentration of the methanol 
extract yielded 2.46 Gm. of /-curine. Further 
extraction with pyridine failed to give any addi- 
tional alkaloidal material. 

PHARMACOLOGICAL RESULTS 

Preliminary pharmacological tests were performed 
on the total methanol-extractable alkaloids (frac- 
tions A, B, and C), on the methiodide prepared 
therefrom, and on the quaternary alkaloid fraction.’ 
The nonquaternarj’ bases produced only bradj'pnea 
and moderate decreased activity after doses of 2,000 
ing./Kg. orally in the mouse. Intraperitoneally, 
these alkaloids produced prolonged depression of 
motor activity' after doses as low as 50 or 100 mg./ 
Kg., and lethal effects at 250 mg./Kg. This 
material differed slightlj' from the methiodide or d- ^ 
tubocurarine. With the latter two, no overt effects 
or transient CNS depressing effects are observed 
below lethal doses. With the nonquaternary bases, 
parenteral doses below the lethal dose caused de- 
pression for more than eight hours. After an acute 
intravenous dose of 2.5 to 10.0 rag./Kg. in the 
pentobarbitalized cat, the nonquaternarj' bases- 
produced respiratory arrest. Hypotension was ac- 
companied by respiratory depression at nontoxi: 
dose levels. Onlj’ the responses to peripheral vagal 
stimulation were blocked or diminished. No other 
significant autonomic changes were observed. 

The methiodide mi.xture produced exophthalmia, 
depression of motor activit}', dyspnea, asphyxii ' 
convulsions, and acute death in mice after oral doses 
of 1,000 mg./Kg. Lower doses failed to produce 
overt biological activity. Intraperitoneallj', this 
material caused absence of grasp reflex, asphyxial 
convulsions, and acute death after doses as low as 
10 rag./Kg. No overt effects occurred at 1.0 mg./ 
Kg. The methiodide caused hypotension in pento- 
barbitalized cats, but a very' narrow range exists 
between the effective dose level and the toxic dose 
level. 

The quaternary alkaloid fraction produced slight 
motor depression in mice after an oral dose of 500 
mg./Kg. Larger doses caused marked depression 
and toxic manifestations with death at the 2,000 
mg./Kg. dose level. Observed gross effects in mice: 
at 250 mg./Kg. p. o., no overt effects; at 500 mg./ 
Kg. p. o., slight depression; at 1,000 mg./Kg. p. o., 
marked depression, low posture, dyspnea, slight ] 
atoxia, intention tremors, diarrhea (1/2); at 2,000 
mg./Kg. p. o., dy'spnea, marked depression, inten- 
tion tremors, retching, exophthalmia, cy'anosis, 
asphy'xial convulsions, death (eight to twelve min- 
utes). No significant alterations in pain threshold, 
pupil size, or body temperature were noted at the 
tested dose levels. In cats anesthetized with 
chloralose, the quaternary’ alkaloid fraction produced 
significant and sustained lowering of mean arterial 
blood pressure after acute intravenous dosage of 2.5 
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mg /Kg (cumulative 4 0 mg./Kg.). Larger doses 
of 5 or 10 mg /Kg proved lethal due to respiratory 
arrest No autonomic elTccts were noted. None of 
the alkaloid fractions showed significant diuretic 
activity iii the rat 
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Antimicrobial Activity, In Vitro, 
of Chlorhexidine'^ 

By C. A. LAWRENCE 

Comparative itt vitro tests indicate that chlorhexidine has greater antibacterial 
activity than benzalkonium chloride, a combination of o-phenyl- and p-/err-amyl- 
phenol, and an iodine-polyvinylpyrrolidone complex under the test conditions. 
Chlorhexidine in relatively high dilutions was effective against several cultures of 
Gram-negative bacteria in the phenol coefficient test. In moderate concentrations, 
it was active against staphylococci and anaerobes. 


A N INCREASING number of reports in the 
British and Canadian literature describe the 
strong antimicrobial activity and clinical prop- 
erties of a new germicide chlorhexidine, bls(/>- 
chlorophenyl-diguanido)hexane,' which has the 
following chemical configuration 

Cl<f \_NH— C— NH— C— NH— (CHj),— 

f' II II 

1 NH NH 


NH -C— NH— C— NH— \ 

II II 

NH NH 


Cl 


♦Received December 18, 1959, from the Los Angeles 
County Health Department and the Department of Infec 
tious Diseases, University of California Aledical Center, Los 
Angeles 

' Hibitane, Imperial Chemical (Pharmaceuticals) Ltd , 
* ngland, av ailable in the United States from Aj erst Labora 
tones, Inc , New York, N Y 


The compound is a colorless, odorless, strongly 
basic, highly insoluble salt with a melting point 
of 134° The diacetate substance has a melting 
point of 154° and is soluble to approximately 1.9 
per cent in water, whereas the dihydrochloride 
has a melting point of 275° and has a solubility of 
only 0 06 per cent (1). 

As with other germicides, chlorhe-xidine is re- 
duced somewhat in antimicrobial activity by 
certain organic substances, i e., milk, blood, pus, 
etc ; however, this reduction is less marked than 
that obsen'ed with some of the other commonly 
used germicides (2) In mouse injection experi- 
ments, the compound still exerts its full effect 
when suspended in 0 2 per cent soap, is compati- 
ble with nonionic and cationic detergents (1), 


732 


Journal of the American' Pharmaceutical Association 


Vol. 49, x\o. 11 


Table I — Limiting Dilutions of Antibacterial Agents Showing Bacteriostatic (BS) and 
Bactericidal (BC) Activities Against \'arious Bacteria in Nutrient Media 


Disinfectant 

LimitinfT Dilution Bacteriostatic (BS) and Bactericidal (BC) 

Agent 1« Agent II* Agent III Agent IV<^ 


Organisms 

Salmonella 

BS 

BC 

BS 

BC 

BS' 

BC 

BS 

BC 

typhosa 

Pseudomonas 

600,000 

600,000 

80,000 

80,000 

1,000 

1,000 

4,000' 

2,000 

aeruginosa 

100,000 

100,000 

10,000 

10,000 

100 

80 

4,000 

4,000 

P rot ens vulgaris 

80,000 

80,000 

40,000 

40,000 

2,000 

2,000 

4,000 

4,000 

Escherichia coli 
Staphylococcus 
aureus No 

800,000 

800,000 

60,000 

60,000 

1,000 

1,000 

2,000 

2,000 

209 

Staphylococcus 
aureus No 

1,000,000 

1,000,000 

800,000 

600,000 

6,000 

6,000 

6,000 

6,000 

26D 

1,000,000 

1,000,000 

1,000,000 

1,000,000 

4,000 

4,000 

10,000 

10,000 

Bacillus ccrcus 

400,000 

80,000 

200,000 

200,000 

10,000 

10,000 

6,000 

4,000 

Bacillus subtilis 
ClosU idiiitn 

1,000,000 

1,000,000 

800,000 

800,000 

8,000 

8,000 

4,000 

4,000 

novyi 

Clostridium 

800,000 

100,000 

100,000 

60,000 

20,000 

4,000 

10,000 

<1,000‘ 

tetani 

Clostridium 

200,000 

200,000 

200,000 

200,000 

10,000 

10,000 

6,000 

6,000 

botulinum 
Clostridi tint 

400,000 

200,000 

200,000 

200,000 

10,000 

10,000 

6,000 

6,000 

pcrfringens 

100,000 

100,000 

200,000 

200,000 

6,000 

6,000 

2,000 

2,000 


« Chlorhexidmc ^ Benzalkomum chloride A phenolic type disinfectant ^ An iodine polyvinylpyrrolidone complex 
« Dilutions based upon iodine content ot iodine PVP complex / An antibiotic resistant strain of phage type 52, 42B, ■14A, 81 
^ Highest concentration tested failed to shou bactericidal actiMty 


Table II — Limiting Dilutions of Antibacterial Agents Showing Fungistatic (FS) and Fungicidal 
(FC) Activities Against Fungi in Nutrient Medium 




Limiting Dilution Fungistatic (I'S) and Fungicidal (FC) 



Agent 

Agent lift 


IIIC 

Agent IV® 

Oi ganisms 

FS 

FC 

FS 

FC 

FS 

FC 

FS 

FC 

Miciospornm audouini 

100,000 

100,000 

100,000 

100,000 

60,000 

40,000 

10,000' 

10,000 

Microsporum gypscum 

100,000 

100,000 

80,000 

80,000 

10,000 

10,000 

4,000 

4,000 

Miciospoitim cams 

80,000 

80,000 

100,000 

100,000 

40,000 

40,000 

8,000 

8,000 

Trichophyton tonsurans 

100,000 

100,000 

100,000 

100,000 

10,000 

10,000 

8,000 

8,000 

Trichophyton incnta- 









grophytci 

600,000 

600,000 

400,000 

400,000 

60,000 

40,000 

40,000 

40,000 


ft <• and d Sec footnotes Table I « Dilutions b ibcd upon iodine content of iodine PVP complex 


and has been used successfullv in creams with 
penicillin (3, 4), neomycin, and liacitracin (o) 
In effective germicidal concentrations the com- 
pound has been reported to have little or no un- 
toward effects in acute and chronic toxicity 
studies in animals (1), and is well tolerated when 
applied topically to the skin of humans (2, 5-8). 

Chlorhexidine has been used successfully in 
reducing the incidence of postoperative infections 
by the treatment of instruments (2, 9, 10), dis- 
infection of urine bottles (11), bedpans (12), and 
rubber gloves (13). It lias also been suggested 
for use as a spray to prevent the spread of dust- 
borne infections in hospitals (14). 

The compound, incorporated in a cream base, 
IS 'emg used extensively in the British Common- 
wealth to control staphylococcal infections in 
hospitals. A hand cream containing the germi- 


cide Was found effective when used h}’ jiliysiciaiis 
and nurses to reduce the incidence of infections in 
maternity wards and nurseries (15-20). A cream 
has also been applied effectively to the skin of 
infants in the prevention of staphylococcal in- 
fections (21). In combination with certain 
antibiotics, chlorhexidine in a cream base, ivhen 
applied to the nasal cavities of staphylococ- 
cal Carriers, has been considered an effective 
means for controlling the incidence of infections 
in hospital w'ards and also in persons outside of 
hospitals who were found to have recurrences of 
minor staphyloccal infections from nasal colonies 
of SUiphylococcus aurens (5, 22). 

Aqueous and alcoholic solutions of chlorheM- 
dme have also been used successfully in burns 
((>)■ in dermatology for the treatment of fungal 
diseases (21, 23), in obstetrics and gynecology 
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(2, 21), as a skin antiseptic for preoperative prep- 
aration of the patient’s skm, and for the 
surgeon’s hand rinse (7, 8, 24, 25) 

At the present Nvnting, there have been but few 
references to the suggested use of chlorhevdine as 
a germicide published in the American literature 
(2b) It IS for this reason that a study n\ as under 
taken to determine the comparative antimicrobial 
properties, in i tiro, of chlorhe\idine Nvith those of 
three other classes of disinfectants in common use 
in this country The latter agents included a 
quaternary ammonium germicide, benzalkon 
Num chloride,- a phenolic type disinfectant,’ and 
an lodme-polyvmylpyrrohdone complex ■* 

EXPERIMENTAL 

Bactenostatic and Bactericidal Tests. — Priiiiarj 
dilutions of the disinfectants iiere made m distilled 
iiater and 1 ml of the appropriate dilution added to 
9 ml of sterile beef extract broth in the studies m 
11 Inch the aerobic bacteria iiere tested Brewer’s 
fluid thioglj collate medium was used for the 
anaerobes (Clostridia) Each tube was inoculated 
iiith a loopful of a tiientj-four hour broth culture 
of test organism The tubes iiere incubated at 37“ 
for seventy tiio hours and the presence or absence 
of visible growth recorded Tubes shonmg no 
groiith at this time iiere checked for bactericidal 
actiiitj bj transferring three loopfuls of the test 
mixture to tubes of sterile medium iiitlioot added 
disinfectant The latter tubes iiere incubated for 
an additional seventy tiio hours Failure of groiith 
to occur in the subculture tubes iias taken as 
ei idence that the organisms had not survived or had 
been killed in the original broth disinfectant tubes 
The results of this study are presented in Table 1 
Results — From the data given in Table I it will 
be noted that of the four disinfectants tested, chlor 
heudme in general gives an overall antibacterial 
activity greater than the other three germicides 
tested In some instances the bacteria were affected 
bi comparable concentrations of benzalkonium 
chloride and chlorhexidine This iias particularli 
true iiith the antibiotic resistant strain of Staf>h\l 
ixnrciis aureus (No 261) and some of the anaerobes 
Under the same testing conditions, the phenolic 
disinfectant was found to be far less active than 
chlorhexidine and benzalkonium chloride against all 
of the organisms examined in the presence of the 
nutrient (proteinaceous) media In general, the 
iodine containing germicide showed an activity com 
parable with that of the phenolic preparation 

Fungistatic and Fungicidal Tests — One milliliter 
of the distilled iiater dilutions of the disinfectants 
lias added to 9 ml of Neopeptone medium consisting 
'' of glucose, 4 Cm , Bacto Neopeptonc, 1 Gni 
distilled inter 100 ml , pH, 6 0 The fungi iiere 
first groiin for a period of one month at room teni 
perature in four ounce screii capped i nls emit lining 


1 Zcphinn chloride Winthrop Stearns Inc NC'i tort 
N y 

1 Ainphll (o phcn>lphenol and /> trrt amylpheiinl) I cllll 
md Fink Products Cnrp New 1 ork NX 
1 Isodine Isodine Ph irnncsl Cnrp Ncn X ork N V 


glass beads and the medium described above At 
the end of the incubation period, the heavy mycelial 
and spore mass ii as shaken vigorousli ii ith the glass 
beads and the suspension filtered through seieral 
lax ers of sterile gauze A loopful of this suspension 
lias added to each tube of brotb disinfectant 
solution 

The tubes iiere incubated for one month at room 
temperature and those shoiimg no groiith at this 
time Here checked for fungistatic activity by sub 
culturing three loopfuls to tubes of medium ii ithout 
disinfectant The latter iiere again incubated for 
one month and the presence or absence of iisible 
groiith recorded The results of this study are 
presented in Table II 

Results — E vanimation of the data giieii in Table 

II will reieal a close correlation in fungistatic and 
fungicidal actii ities between chlorhexidine and 
benzalkonium chloride, similar to the comparable 
effects of these tiio germicides against bacteria 
(Table I) The phenolic preparation is someiihat 
loner in antifungal properties than the latter tiio 
agents but shoiis a greater action against these 
organisms than against bacteria In descending 
order of activity , an iodine poll viny Ipi rrolidone 
complex Hill be noted to have the least activity 
against the fungi studied 

Phenol Coefficient Test — The A O A C (27) 
metliod for determining phenol coefficients iias used 
in determining the germicidal activity of chlor 
liexidine The tubes containing the dilutions of the 
latter agent and tubes of pheno’ ii ere maintained in 
a Hater bath at 20° during the time intervals of 
transfer In all instances the inoculum consisted of 
tiienty four hour cultures of the respective organ 
isms groiin at 37° The results of this study are 
presented in Table III 

Results — In summarizing the dal i gii en m Tabic 

III It Hill be noted that chlorhexidine, m general, 


Tabi E III — Phenoi Coefficient (A O 4 C 
Method) of Chlorhexidine Against a \ arietx 
OF BACTERIA' 


I imitinfi Dilutions I fTectivc 
in I en Minutes Tt 20° 


Ori.anisins 

Lhlorhexi 

dine 

Phenol 

Phenol 

Coef 

fretent 

SalmoucUa typhnsu 

1 

41), 001) 

1 

120 

313 

Psendomouas 

aeruginosa 

1 

15,000 

1 

100 

150 

Piotcus vulgai IS 

1 

5,000 

1 

100 

,50 

Eschcnchia coU 

1 

25,000 

1 

100 

250 

StOpflxfoCOECllS 
aureus No 209 

1 

10,000 

1 

80 

125 

Staphylococcus 
aureus 26V 

1 

7,500 

1 

70 

107 

Bacillus ccrcus 

1 

70,000 

1 

130 

518 

Bacillus subtil IS 

1 

5,000 

1 

50 

100 

Clostridium no ii 

1 

5,000 

1 

20 

250 

Clash idium lelniii 

1 

5,000 

1 

140 

36 

Clostridium 

botiilinum 

1 

2 , 500 

1 

190 

13 

Clostridium 

perjrxngcns 

1 

2 , 500 

1 

130 

19 


o All of the cultures used in this test ucre incubated at 
37® for twenty four hours prior to testinp The clnslndn 
were cultured and transferrefi in fluid ihmKlyctill itc medium 
All of the rcraatnink ory, inisms were j,rown jn beef cxlrncl 
broth 

Sec ftHitnole / Table I 
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shows a high germicidal activity against tlie Gram- 
negative bacteria, with dilutions ranging from 1 15,- 

000 {Pseudomonas aeruginosa) to 1 40,000 {Salmon- 
ella typhosa) effective in ten minutes The one ex- 
ception in this group of bacteria was Proteus vulgaris 
which required a 1 5,000 dilution to effect complete 
destruction of this organism The effective germi- 
cidal range of chlorhexidine against the two strains of 
5 aureus was between 1 7,500 to 1 10,000 

While the strain of Bacillus cercus used in this 
study appeared to be relatively resistant to chlor- 
hexidine in the broth dilution test (Table I), the 
culture was highly sensitive to the disinfectant when 
tested in an aqueous dilution of the germicide As 
noted in Table III, a dilution of 1 70,000 was effec- 
tive against this organism Also, a dilution of 

1 130 phenol proved to be germicidal for this 
organism Bacillus subtilis, on the other hand was 
considerably more resistant to both germicides, since 
concentrations of 1 5,000 and 1 50 of chlorhexidine 
and phenol, respectively, were required to destroy 
this organism 

The twentj’-four-hour cultures of the anaerobes 
required coneentrations of 1 2,500 to 1 5,000 of 
chlorhexidine for complete destruction With the 
exception of the strain of Clostridium novyi, which 
required a concentration of 1 50 phenol for effective 
kill, the remaining Clostridia failed to grow after 
being exposed to dilutions ranging from 1 130 to 
1 190 of the latter germicide 

SUMMARY AND CONCLUSIONS 

The present report compares the antimicrobial 
activity, in vitro, of chlorhexidine with that of a 
quaternary ammonium disinfectant, a phenolic 
compound, and an iodophor. In general, the 
new compound showed greater antibacterial 
activity than the other classes of disinfectants 
when tested in the presence of nutrient media It 
was also found to be highly effective against 
several strains of dermatophytes 


Using the phenol coefficient test, chlorhexidine, 
in relatively high dilutions, was found to be 
effective against several cultures of Gram-nega- 
tive bacteria. In moderate concentrations, the 
compound was found to be active against staphy- 
lococci and anaerobes. 

Reference is made to a number of British publi- 
cations in which chlorhexidine has been reported 
to be an effective adjunct in reducing the inci- 
dence of postoperative infections and the control 
of staphylococcal infections in hospitals 
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Notes 


‘ Note on Saponins and Their Sapogenins from Strawberry Clover* 

BY E. D. WALTER 

A crystalline mixture of saponins was isolated from strawberry clover {Xrijolhnn 
jragiferiim'). Upon hydrolysis with dilute acid this product yielded the soyasapoge- 
nols B and C, a very small quantity of unidentified sapogenin, and several sugars. 


S OYASAPOGENOLS B aiid C and possibly A have 
previously been isolated from the saponins of 
alfalfa and laditio clover (1) suggesting a rather fre- 
quent occurrence of these sapogenols in legume for- 
ages. 

EXPERIMENTAL 

Fresh strawberry clo\»er (45 Kg.) was placed in a 
stainless steel tank and covered with 95% alcohol 
(50 gallons) and allowed to stand for five days. A 
2-galIon portion was drained, filtered, and concen- 
trated to about one-fourth volume when solids ap- 
peared. The material was transferred to a separa- 
tory funnel and shaken gently’ with about one-third 
volume of ether. The saponin separated in the 
aqueous layer as minute cry'stals. This lay’er was 
centrifuged and the residue was washed with water, 
and finally with acetone. The y'ield of dry saponin 
was about 1 Gm. or about 0.3% of the dry weight of 
I clover. 

j With another 2-gallon portion of the extract the 
I saponin was isolated the same way except that the 
e.xtract was treated with about 40 Gm. of charcoal 
per gallon and filtered through filter aid. This 
method required less washing with acetone to remove 
green material, but the yield was about the same. 
Both methods were employed to obtain the saponin 
‘ stock for subsequent studies. 

The dry saponin was practically insoluble in 
water, but appreciably soluble in 50-60% ethanol. 
When concentrated sulfuric acid was added to the 
dry material a red color formed almost instantly. 
This rapid color reaction was found particularly 
i‘ characteristic of the unidentified sapogenin melting 
; at 321“. 

No action resulted from contact of this saponin 
with an isolated strip of rabbit ileum, possibly be- 
cause of its insolubility' in the Ty'rode’s solution in 
which the strip was suspended. This is in contrast 
with the results from alfalfa and ladino saponin ( 1 ) 
and from bur clover saponin (hederin) (2). 

Isolation of Sapogenins. — The saponin (0.77 
Gm.) rvas dissolved in 60% ethanol and sulfuric acid 
i -Was added to make the solution approximately’ 1 N, 
V The total volume was about 108 ml. This solution 
j was refluxed for sixty hours. Water was added to 
' . precipitate the sapogenins and they were then e.\- 
I 'tracted with ether in a separatory’ funnel. The 

I 

i * tteceived Aiig:ust 23, 29G0, from the tVestern Regional 
' Research Laboratory, Western Utilization Research and 
Development Division, Agricultural Research Service, tf. S. 
Dept, at Agriculture, Albany, Calif. 

The author is indebted to Arthur Bevenue for paper 
chforaatogruphy of the sugars, to Lawxcnce White and 
Geraldine Secor for elemental analyses, and to Edith Gong 
lor the infrared spectra. 


ether solution was washed with water to remove sul- 
furic acid, dehydrated with anhy’drous sodium sul- 
fate, and clarified with charcoal. The ether was 
evaporated and the sapogenins were cry’stallized 
from methanol; y’ield 0.344 Gm. About 45% of the 
saponin was sapogenin. This method was used to 
obtain larger quantities of sapogenin. 

The acid was removed from the hydroly’sate as 
barium sulfate, and the filtrate from this was used 
for chromatographic identification of the sugars. 
The following sugars were detected : glucose, galac- 
tose, arabinose, xy'lose, rhamnose, and glucuronic 
acid, with .xy'lose predominating. The large number 
of sugars present suggested that more than one 
saponin was involved. 

The sapogenins were first separated into chloro- 
form-soluble and insoluble fractions. Roughly 90% 
of the material was soluble in chloroform, while the 
remainder was largely the high melting (321°) frac- 
tion, which gave the rapid color reaction with sul- 
furic acid. 

The chloroform-soluble portion, after crystalliza- 
tion from methanol, was dissolved in benzene and 
chromatographed on a column of alumina (deacti- 
vated with 10% acetic acid in benzene), and eluted 
with increasing concentrations of methanol in ben- 
zene (0.5, 2.5, and 100% methanol). The eluate 
from 0.5% methanol contained material melting at 
235-240° and corresponding to soyasapogenol C. 
The 2,5% methanol eluate contained a fraction 
melting at 255-260°, corresponding to soyasapogenol 
B. The 100% methanol fraction contained a trace 
of the material melting at 321°. 

Soyasapogenol B,— The fraction melting at 255- 
260° was recrystallized from methanol-chloroform 
yielding material of m. p. 2C0°, (alp* ■+• 90.7°. 

Aro/.— Calcd. for CsoHwOj; C, 78,55; H, 10.99. 
Found: 0,78.80; H, 10.6. 

Acety'Iation of this material and crystallizatioii 
from methanol-chloroform furnished the triacetate 
m. p. 180°, -b 78°. 

AHaf.— Calcd. for CscH^Oe: C, 73.93; H, 9.65. 
Found: 0,74.0; H, 9.49. 

The infrared spectra of this triacetate and that of 
authentic soyasapogenol B triacetate were identical. 

Soyasapogenol C . — Recrystallization of the frac- 
tion melting at 235-240° in methanol-chloroform 
y’ielded a product of m. p. 240°, [ajy -f 00°, 
Mever, cl at. (3), reported m. p. 239-240° and (orFo 
+ 05°. 

Acetylation of this sapogenol with acetic anhy- 
dride and chromatographing on deactivated alumina, 
followed by elution with petroleum ether-benzene 
(3:1), and crystallization from methanol furnished 
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the diacetate m p 204°, [a ]“ +59° The infrared 
spectra of this material and that of authentic S05 asa 
pogenol C diacetate were identical 

Ana/— Calcd for C-i+tc-O, C, 77 82 H, 9 99 
Found C, 77 8 , H, 9 79 

Umdenttficd Sapo^cnm ■ — The minor fraction 
eluted from the alumina column with methanol 
melted at 321°, and had a [a In’ + 97° This 
material was acetilated in ptridme solution with 
acetic anhsdride The pioduct was put on a 
deactnated alumina column with Skelh solve ben 
zene (3 1), and was eluted with Skellj solve benzene 
(1 1), followed b\ benzene The benzene ehiate, 
when crystallized from methanol and dried in a 
\acuum at 121°, melted at 227-228° [orln' — 35 5° 
Infrared spectra of the sapogenm >ima\ 5 87 /i 
(and strong Indrowl bands), and of the acetate 
^m'a\ 5 76, 5 86 , and 8 1 indicated the presence 


of a carbonyl group The ultraviolet absorption 
spectra for the acetate Xma" 241 5 mp, f 23,000, 
249 mil, t 25,900, 258 m/i, f 20,800 indicated a con 
jugated system Both compounds gave a tellow 
color with tetranitromethane, and, m contact with 
concentrated sulfuric acid, gave a red color instanth 
Arm/— Calcd for C 36 H, 40 , C, 72 2, H, 9 07 
for three CH„CO groups, 21 5 mol wt , 598 72 
Found C, 72 4, H, 8 72, CH 3 CO, 21 1 mol wt 
(Past), 612 

Insufficient quantiti of material prevented fuitlicr 
characterization of this sapogenm at this time 
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Note on the Hydrophile-Lipophile Balance of Tragacanth'*’ 

By WALLACE L GUESS 


I N A RECENT publication, Chun, ct a/ (1, 2), re 
ported on their investigation of the HLB of some 
iidturnlU occurring emulsifi mg agents These 
workers pointed out that while tragacanth should be 
studied more extensn ely , they did obtain an HLB 
value for this product of 13-13 5 This value was 
obtained b\ using Span' 20 and Span 80 as reference 
surfactants It was noted m our laboratories that 
satisfactory oil m water emulsions could not be 
produced using the Spans and tragacanth There 
fore, the following work was undertaken 

EXPERIMENTAL 

rile method of Chun, el a! , for the determination 
of the HLB of trag icantli was duplic ited as ncarh as 
])ossible with a modific ition of the method of 
shaking the emulsions In this work, all cimilsn iis 
w ere shaken for 6 \ e minute mten als on a Red Dev il 
paint conditioner at 1,601) oscillations per minute 
Everv emulsion was shaken for three such periods 
(a) once immediateh after misitig all components, 
( 6 ) once at the end of one hour, and (c) finally at the 
end of twentv four hours The emulsions were al 
lowed to stand undisturbed for twentv four hours 
and w ere e\ aluated b\ a blind technique (simple 


Table I — HLB \ alues of Tragacanth 



HLB of Tragacanth mj 

th 



Tween 

T VN een 

r w een 

1 

een 

Tragacanth 

20 

40 

bO 

80 

Meyer Bros , 
lot 163607 

11 ()2 

11 go 

11 92 

n 

84 

Meer, lot No 10 

12 52 

11 90 

n 92 

11 

7() 

A\ erage HLB 

12 07 

11 90 

11 92 

11 

80 


*Recct\ed ^Ia^ M I‘M»0 from the College of Pharm ic\ 
Urn\ ersitj of Texa« Austin 1- 

iTradeni'iik Atlas Po\>der Co Wilmington Del 


masking of labels) according to degree of ertaming 
and/or oil separation In order to insure tint oiilv 
oil in water emulsions were being evaluated, a drop 
dilution test (3) and a water soluble dve test (') 
were conducted on each emulsion 

The results of this studv are show n m T ibic I 


DISCUSSION 

It IS interesting to note that in these laboratoriti 
no o/w emulsions could be prepared with combmi 
tions of Spans and tragacanth, while all the Tweens 
used in optimum proportions with tragacanth pro 
duced smooth, white, slowlv creamingo/w emiilsioiw 
These observations were true with two different lots 
of tragacanth It mav also be observed that m 
iverage HLB V’llue of 11 92 was determined, which 
checks fairlv well with the value obtained bv Clnin 
iiid Ins CO w orkers, particularlv since a mtiir il 
product of such varied phvsical characteristics is 
tragacanth was used 


of 


SUMMARY 

It IS recommended that further investigation iiiti 
the HLB of tragacanth be undertaken to determine 
if various lots of tragacanth would show a range 
HLB values even greater than those referred to ni 
this paper It mav be of interest to determine n 
tragacanth has an HLB in the true sense as do the 
svnthetic surfactants, or if an HLB value is only an 
apparent value dependent on viscosity of the 
tragacanth, per cent insoluble bassonn, and othci 
well known factors 
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Note on Triazinylmethylureas. Guanamines VII"^ 


By SEYMOUR L. SHAPIRO, VINCENT A. 

/ 

Condensation of ethyl hydantoate with sub- 
stituted biguanides gave triazinylmethyl- 
ureas (I) which are pharmacologically active. 

M aky urea derivatives have afforded useful 
pharmacological effects ( 1 ), and in this study a 
series of triazinylniethylureas ( 1 ) envisioned as struc- 
tural analogs of phenaceniidc (II) (2) have been syn- 
thesized Diphenylhydantoin, interestingly em- 
bodies the aralkydurea structural features of I. and 
tlie acylurea element of 11 
The compounds were prepared by' condensation (3) 
of ethyl hydantoate with the appropriate biguanidc 
(4, 5) which afforded the desired I m 5-38% yields 
of purified product (6). 

On pharmacological evaluation (7), compounds 1 
and 5 (anticonvulsant), 11 (analgesic), and 3 (anti- 
inflammatory) gave significant responses 
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Table I ■ — Triazikylmethylureas" (See Formula I) 


-Analyses, %'L — — ^ — 

Carbon Hydrogen Kitcogen 


Ko. 

Ri 

M V . ° c b 

Sr 

Formula 

Calcd 

Found 

Calcd 

Found 

Calcd 

Found 

1 

CsHs— ' 

202-203 

A 

CsH.sXrO 

43 

0 

43 

1 

5 9 

5 8 



2 

r 

231 

A 

CioHnNtO 

47 

8 

48 

1 

6 8 

7 1 



S' 

CsHsCH,— 

183-184 

B 

CuHrsiXjOt'' 







32 1 

32 7 

. •! 

CsHsCHsCHs— 

204-205 

A 

C 13 H 17 N 7 O 







34 1 

33 8 

\ 5* 

CsHs— 

227 

C 

Ci.HistXbO 

51 

0 

51 

4 

5 1 

6 0 

37 8 

37 6 

1 G' 

CsHs — 

238 

B 

CijHisXbO 

62 

7 

53 

2 

5 5 

5 9 

35 9 

36 3 

k, 7 

2— CHjCsHt— 

209-211 

B 

C 1 JH 16 N 7 O 

52 

7 

52 

2 

5 5 

5 4 

35 9 

35 5 


2 — CHsCfiHi— 

247-248 

B 

Ci3Hi7N70 

54 

3 

54 

3 

6 0 

6 0 

34 1 

34 4 

9' 

4— CHaCtHr— 

213-214 

B 

CUH 19 N 7 O 

55 

S 

55 

4 

6 4 

6 1 



10 

2,6-(CHo)5C6Hr 

- 250 

A 

Ci3HnN70 







34 1 

34 2 

11 

2~C1C6H4-- 

169 

D 

CuHi-CliXbO 







33 4 

33 1 

12 

4— ClC 5 H,— 

257 

A 

Ci,Hi«ChX,0 

45 

0 

44 

9 

4 1 

3 7 

33 4 

33 5 

' 13 

2 ~B^C 6 H^— 

295 

A 

CiiHijBrXSO 







29 0 

28 5 

14 

3— BrCtH,— 

218 

A 

Ci.H,.BrN 70 

39 

1 

39 

5 

3 6 

3 8 

29 0 

28 6 

15 

4— CH 3 OC 0 H 4 — 

216-217 

B 

C.jHuXW- 

49 

8 

50 

1 

5 2 

5 0 




a R- s= H unless otherwise indicated 1* Meltinp points are not corrected and the compounds melted uith decomposition 
' ^ Recrystallizinp solvent, A = dimethylformamide -h acetonitrile, B = dimethylformamide. C = dimethi Iformamide -f- 

I ether, D = acetonitrile d Analyses by Weiler and Strauss. Oxford, England r CsHs — is allyl / RiR-K — is piperidino 
. “ Ri = CHi — 1* Isolated as a hydrate , Reported in Ref 3 / Ri = CiHs — 


EXPERIMENTAL 

^ General Procedure for 2-Ammo-4-substitute<i- 
aniino-6-(ureidomethyl)-s-triazines. — To 0 05 mole 
of the biguanide in 50 ml of methanol was added 
0 05 mole of ethyd hy'dantoate and the mi.xture 
"armed to effect solution. After standing four day's 
at 20° the reaction mixture was added to 50-100 ml 
of water. The precipitate of product (see Table I) 
, "as separated and recry'stallized 


* Received Afay 17, 19G0, from the Research Laboratories 
U S Vitamm & Pharmaceutical Corp , Yonkers 1, 

' The authors are indebted to Dr G Ungar and his slafl' foi 
the pharmacological screening of the compounds 

f 
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Note on a Revised Sugar Coating Procedure for Tablets* 

By S. J. TUCKER and A. B. REDNICK 

A method is presented which describes a revised sugar coating procedure. The 
procedure eliminates the rounding and smoothing operations usually emjployed in 
pan-coated tablets. The resulting coating is approximately one-half as thick as the 
standard method and coating time is greatly reduced. 


T ucker (1) described the use of insoluble color- 
ants in the sugar coating of tablets. The 
method has two distinct advantages over the use of 
water-soluble dyes. The first is that the tablets 
cannot be overcolored, thus one does not have to be 
overly concerned about the number of color coats 
applied. The second is that the color does not have 
to be applied to perfectly smoothed tablets in order 
to achieve uniform distribution. These points led 
us to critically re-evaluate our present sugar coating 
methods. 

In the standard sugar coating procedure a large 
part of the time is spent in sealing, rounding, and 
smoothing the tablet and in overcoming the white 
background during the coloring phase. Also, in the 
standard coating procedure, the operator must first 
go to the trouble of compressing a smooth tablet, 
must then rough it up in order to round the edges, 
and, finally, must smooth it out before color can be 
applied. 

.■Ml these points were taken into consideration 
when revising the coating procedure employing pig- 
ments. The new procedure is divided into three 
basic phases: (a) The tablet is given two coats of 
acacia, using gelatin solution as the adhesive. This 
gives the tablet sufficient strength to withstand 
chipping and cracking in the coating pan and at the 
same time removes the sharp edges of the tablet. 
In addition, a colorant is added to the adhesive, 
thus, coloring begins immediately, (b) The tablet is 
sealed with one coat of a gum or resin cast from a 
suitable solvent, (c) The tablet is finished off using 
a pigment coating suspension. 

DEVELOPMENT AND PROCEDURE 
A stock suspension (Table I) is prepared by com- 
bining the water, dioctyl sodium sulfosuccinate, and 
pigment in a Waring Blendor for fifteen minutes. 
This is then transferred to an Eppenbach Homo- 
mixer and, while mixing, the syrup and titanium 


Table L- — Typical Coating Formulation 


Stock suspension, ingredients 

Purified water 

250.00 ml. 

Dioctyl sodium sulfosuccinate 

0.01 Gm. 

Insoluble colorant 

1-15.00 Gm. 

Titanium dio.xide U. S. P. 

0-100.00 Gra. 

Syrup U. S. P. 

500.00 ml. 

Coating suspension 

Stock suspension 

100.00 Gin. 

Coating syrup q. s. ad. 

500.00 ml. 


♦Received Aug^ust IG. 19G0, from the Smith KHne and 
French Laboratories, Philadelphia 1, Pa. 

Accepted for publication September 23, 19G0. 


dioxide are added. The solids usually disperse 
completely within fifteen minutes. 

The stock suspension is then combined with 
gelatin adhesive solution and mixed with an Eppen- 
bach Homomixer to form the undercoating adhesive 
suspension (Table II). 


Table II. — Undercoating Formulations 


Gelatin adhesive solution 

Gelatin U. S. P. 

800 Gm. 

Purified water 

6500 ml. 

Acacia U. S. P. 

600 Gm. 

Sucrose U. S. P. 

9500 Gm. 

Undercoating adhesive suspension 

stock suspension 

10-20% 

Gelatin adhesive solution 

80-90% 


The core tablets, to be coated, are placed in a 
conventional coating pan, the size depending upon 
the batch load. Any standard shaped tablet is 
suitable (except a flat face); however, a more 
spherical tablet and a thinner edged tablet facilitate _ 
the procedure. Undercoating adhesive suspension 
is then applied to the rolling tablets until they are 
evenly and completely wetted. UTien the mass be- 
comes tackj', acacia powder is dusted on the tablets 
in the usual fashion. This procedure is repeated 
again. The tablets now have a color somewhat 
similar to the finished color, though mottled in ap- 
pearance. It is interesting to note here that lakes 
give a definite color to the tablets at this stage, 
whereas a pigment will not. In order to overcome 
this, one may use, with the undercoating adhesive, a 
dye or a lake that gives a similar color (it is not 
necessary to duplicate the color) to the finished 
product. 

The tablets are now sealed with a gum or resin 
cast from a suitable solvent. For example, a four- 
pound cut of shellac diluted with an equal quantity 
of isopropyl alcohol is satisfactory. One coat is 
usually sufficient. 

Coating suspension (Table I) is now applied and, 
generally, 25 coats are sufficient. The tablets are 
finished off and polished in the usual fashion. 

The finished product retains the same pharmaceu- 
tical elegance as when made by our present methods, 
yet has a coating of approximately one-half the 
thickness, and this procedure is accomplished in 
about one-half the time. 

REFERENCE 

(1) Tucker, S., Nicholson, A, E,, and Engelbert, H,, Tins 
Journal, 47, 849(1958). 
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Book Notices 


General Chemistry — Inorganic and Oiganic. By 
Garth L. Lee and Harris O. Van Orden. W. B. 
Saunders Co., West Washington Square, Phila- 
delphia 5, Pa., 1960. vi -f 637 pp. 15.5 X 23.5 
cm. Price S7.25. 

This book covers a wide field in simple, concise, 
positive statements. It could be useful as a text- 
book in the general science course. The author 
might have omitted the use of 2 stacked nickels to 
represent 1 cubic centimeter in the illustration of 
volume apparatus. It might be difficult for a chem- 
. istry minor to grasp the full text, but if he learned to 
use the book as a starting reference it could be 
stimulating. A good index is appended and the 
1958 revision of atomic weights is included. 

ilclal-B indin g in Medicine Edited by Marvin J. 
Seven and L. Audrey Johnson. J. B. Lippin- 
cott Co., East Washington Square, Philadelphia 5, 
Pa., 1960. xiii -f 400 pp. 18 X 25.5 cm. Price 
S13.75. 

This book includes the papers and panel discus- 
: sions from a symposium lield May 6-8, 1959, in 
: Philadelphia. The term “metal-binding” is used to 
indicate linkage between a binding agent and a 
si metal, with “chelation” being reserved for the 
;.kprocess of metal-binding in which the metal is in- 
- corporated into a ring structure. The material 
•; covers a wide field, starting with “The Relationship 
r; of Chemical Structure to Metal-Binding Action” 
i and including pharmacological, physiological, clini- 
c cal, and therapeutic considerations of natural and 
T, induced metal-binding forms in normal and patho- 
;• logic systems. An index is appended. 

' Synthetic Methods of Organic Chemistry. Vol. 14. 
' By W. Theilheimer. Interscience Publishers, 
” Inc., 250 Fifth Ave., Kew York 1, N. Y., 1960. 

xvi 549 pp. 15 X 23 cm. Price $29.50. 

'[ Most of the references in Vol. 14 of this compila- 
t tion of new methods for the synthesis of organic 
'! compounds and improvements of known methods 
cover papers published between 1957 and 1959. A 
' J comprehensive and concise reference series. 

"I 

p-j An Introduction to the Chemistry of Heterocyclic 
I,) Compounds. By R. M. Acheson. Interscience 

j Publishers, Inc., 250 Fifth Ave., New York 1, 

,f.' N. Y., 1960. xiv -f 342 pp. 15 X 23 cm. Price 

i'v' S5. 

I ^ This book attempts to pi esent to the undergradu- 
i c I ate student a concise account of the more important 
^ properties and chemical reactions of the basic hetero- 
'Cyclic systems. It is admittedly incomplete, omit- 
ling sugars and alkaloids, which the author assumes 
I have been covered in other courses. Included are 
j pertinent physical data, electronic and mechanistic 
! concepts where possible, and brief discussions of 
I chemical discoveries concerning metabolism and bio- 
I synthesis of some important compounds. Com- 
1 pound and subject indexes are appended. 


Einfachc Vcrsuchc auf deni Gebiete dcr organischen 
Chcmic. 8th ed. By A. F. Holeeman and 
Leonhard Schuler. Walter de Gruyter & 
Co., Gentliner Strasse 13, Berlin W 35, Germanjq 
1960. XX 4- 172 pp. 14 X 22 cm. Paper- 
bound. 

This book is a teaching text (in German ) of simple 
and basic chemical reactions of organic compounds 
and their functional groups. 

Aiialytische Trennung und identijizicrung orga- 
nischer Substanzen. By Otto Neunhoeffer. 
Walter de Gruyter & Co., Genthner Strasse 13, 
Berlin W 35, Germany, 1960. xii -h 116 pp. 
17.5 X 23.5 cm. Price DM 18. 

This book (in German) covers conciselj’ the 
methods for analytical separation and identification 
of organic substances as applied in a teaching 
laboratory. 

Lehrbuch dcr organischen Chcmic. 35-36 ed. Edited 
by A. F. Holleman and Friedrich Richter. 
Walter de Gruyter & Co., Genthner Strasse 13, 
Berlin W 35, Germany, 1960. xii -j- 646 pp. 
17 X 24 cm. Price DM 28. 

This classic textbook (in German) has been re- 
vised and edited again by Friedrich Richter who 
has performed this task for at least 30 years. Its 
reference value has been long established in the U. S. 
and elsewhere. 

Methods in Medical Research. Vol. 8. Edited by 
H. D. Bruner. The Year Book Publishers, 
Inc., 200 East Illinois St., Chicago, 111., I960, 
xiv 368 pp. 13.5 X 21.5 cm. Price 89.75. 

The subjects considered in the eighth volume of 
this series are grouped under the main headings: 
Life history of the erythrocyte. Measurement of 
responses of involuntary muscle, and Peripheral 
blood flow measurement. Subject and name indexes 
arc appended. 

Selective Toxicity. By Adrien Albert. John 
Wilcv 8c. Sons, Inc., 440 Fourth Ave., New York 
16, N. Y., 1960. X 4- 233 pp. 14 X 21.5 cm. 
Beginning with a discussion of the biochemical dif- 
ferences between species which introduce the possi- 
bility of selectivity into toxicity, four introductorj' 
paragraphs of this text are designed for under- 
graduate students in biochemistry, medicine, phar- 
macy, and agriculture. Nine other chapters take 
up advanced material related to biologically-active 
substances, including aosorption and distribution, 
pharmacodynamics, covalency, surface chemistry, 
and steric factors. Appendix 1 is a tabulation 
showing the connection between ionization and anti- 
bacterial activity in the acridine scries (101 com- 
pounds). Appendix 2 tabulates calculated per- 
centage ionized, given pKa and pH (if anion or cat- 
ion). Appendix 3 lists physical' effects of organic 
substituents. 
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^fedlcVIal Clieimslry 2nd ed Edited by Alfred 
Burger Intersciencc Publishers, Inc , 250 Fifth 
A^e, Keii York 1, X Y, 1960 \iii + 1243 pp 
17 5 X 25 cm Price S37 50 
In the rcMSion of Ins excellent treatise on me 
dicinal cheinistn , Professor Burger has enlisted the 
aid of 34 contributors This uds done in order to 
complete a comprehensive revision before portions 
of the material became out-dated The expansion 
of the subject since the first edition of 1951 is in 
dicated by an increase of 12 new chapters The 
book IS still designed for the more advanced reader 
and to point the direction of research needed m 
medicinal chemistrj The tlioroughlv splendid 
dexelopment and presentation of the text material 
follows the standard set m the ti\o x'olumes of the 
first edition uliich were rex'iewed m This Journal, 
40, 167, 417(1951) A new two column format and 
slightly larger pages have enabled the increased 
material of the second edition to be published in one 
volume The reference value of the book is en- 
hanced b\ the adequate subject index 


Pharmacology and Therapeutic"; 4th cd Bj 
Arthur Grollman Lea & Febiger, Washington 
Square, Philadelphia 6, Pa , 1900 1079 pp 15 

X 23 5 cm Price $12 50 

Publication of the fourth edition of this book onlj 
two jears after the third edition indicates the 
author’s attempt to keep pace with the rapid 
changes, especiallj in therapeutics and drugs In- 
cluded are new sections on corticosteroid therapi , 
treatment of cancer, present dai use and under- 
standing of tranquilizers, the newer hormones, and 
psychic energizers All the drugs introduced 
during the two \ears prior to the rexision of the 
text are included Designations of official prepara 
tions refer to U S P X\ and iX F \ It. is a 
useful reference and textbook 


Oxidation Reduction Potentials of Oiganic Systems 
B\ W Mansfield Clark The Williams Sc 
Wilkins Co , 428 East Preston St , Baltimore 2, 
Md , I960 XI -t- 584 pp 15 X 23 cm Price 
$13 50 

In referring to the usefulness of the material in 
this book, the author states 'Tt should be clearlj 
understood that when concepts of mechanisms and 
structures are used the purpose is to provide a neat 
organization of relations, confirmation of what is 
predicted b\ the final equations does not necessarih 
proxe the postulates” More than 100 tables of 
data are included in this trustworthy text 


Index Chemicus Edited be Eugene Garfield 
Institute for Scientific Information, 1122 Spring 
Garden St , Philadelphia 23, Pa . 1960 131 

pp 21 5 X 28 cm Paperbound Issued 
monthh Price $250 per \ear Educational, 
$500 per y ear Industrial 

Anew (Yol 1, Xo 1) monthh index of new chemi- 
cals (3518 in this issue) includes listings of cliemi 
cal names, structural diagrams, molecular formulas, 
and complete bibliographical references Indexes 
will be cumulated quarterlj and jearh 


Recent Progress -in Hormone Research \ ol IG 
Edited bv Gregory Pincus Academic Press 
Inc, 111 Fifth Kve , New York 3, X Y, 1960 
viii -p 608 pp 15 X 23 cm Price $14 
Reports on recent investigations presented at tin 
1959 Laurentian Hormone Conference are grouped 
under the iiiaiii headings Mechainsiiis of liornioiiL 
action. Peptide hormones, Thiroid hormones, and 
Hormones and metabolism Discussions of reports 
arc included and author and subject indexes arc 
appended 

Pacts de Chimie Biologiqne \ ol 2 B\ J P 
CouRTOis and R Perles Masson et Cic , 
120, boulevard Saint Germain, Pans 6’', Franct, 
1960 Mil -f- 620 pp 16 X 21 cm Price 46 
XF 

Subjects covered in \ ol 2 of this textbook arc 
Lipidcs, Proteins, and Experimental functional 
exploration A. notice on 1 ol 1 appeared m This 
Journal, 49, 182(1960) 

Galenischcs Praktikiim Bt Kurt Munzel, Jakob 
Buchi, and Otto Erich Schultz Wissenschaft- 
hche 1 erlagsgesellschaft m b H , Stuttgart, Ger- 
many, 1959 1114 pp 16 X 24 cm Price 

DM 142 

The ''Galenical Handbook” is a textbook (in 
German) on pharmacy It is comprehensive in its 
coxerage of procedures, with iiianx' examples of 
formulations included 

The Chemistix of Heteiocychc Compounds \ol 14 
Pjridine and Its Derivatives Part 1 Edited 
b\ Erw in Klingsrerg Interscience Publishers, 
liic, 250 Fifth Aie, Xew York 1, X Y, 1960 
X -f 613 PI 15 X 23 cm Price $49 Subscrip 
tion $42 

Part one of a four-part monograph includis 
Properties and reactions of pjridine and its hvdro 
genated deriv'atives, b\’ R A Barnes, and Sjn 
thctic and natural sources of the pvridine ring, h\ 

F Brod} and P R Ruby 

Biochemistry of Plants and Animals Bj M 
Frank Mallftte, Paul M Althouse, and 
Carl O Clagett John Wilev & Sons, Inc , 
440 Fourth Av'e , New York 16, N Y , 1960 
xiii -t- 552 pp 15 X 23 cm Price S8 50 
A broad treatment of biocliemistrv is used to 
cov er a w ide vmrietj' of topics in the biological, 
phvsical, and agricultural sciences at the clemcii 
tarv level This book replaces "Introduction to 
Agricultural Biochemistrv ” by Dutclier, Jeiiscn, 
and Althouse (Wilev, 1951) 

A 

Clinical Chemistry Principles and Procedures 
2nd ed Bv Joseph S Annino Medical , 
Book Department, Little, Brown & Co, 34/ 
Beacon St , Boston 6, Mass , 1960 xv ni + 
348 pp 15 5 X 23 5 cm Pnee $8 
A textbook for students of clinical chemistry on 
the basic technical level, the major part of the text 
(pp 7.5—339) IS demoted to specific methods o ' 
clinical analvsis 
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New Approach to the Determination of Vitamin A 
in Pharmaceutical Products* 


By REAL TARDIF 


A modified analytical procedure for the determination of vitamin A in pharmaceutical 
preparations and its method of calculation based on geometric and trigonometric 
relationships is presented. Ether and isopropyl alcohol solvents are replaced by 
hexane, a more selective solvent, for the extraction of the unsaponifiable fraction. 
Absorbance readings of this latter are measured at one wavelength (325 mg) before 
and after the destruction of vitamin A. A comparison study of the accuracy and 
precision of the U. S. P. XV method and of this proposed method was made on five 
characteristic polyvitamin preparations and on a cod liver oil sample. Statistical 
analysis of the results in per cent recovery of added vitamin A has shown a 100 per 
cent yield by the “hexane-destruction” method, and 82 to 96 per cent yield by the 
U. S. P. XV method. With this proposed method, the standard deviations were less 

than one-third as great. 


Touring the last decade a great variety of 
vitamin A combinations has appeared on 
the market To estimate the vitamin A potency 
of these complex mixtures, the analyst has the 
I choice of biological (1), chemical (2), and physico- 
chemical methods (3-7) The biological assa}' 
is unfortunately impractical for routine control 
of vitamin A because of the cost, the time re- 
quired, and the wide variation in results. 

Chemical and physico-chemical methods, which 
are most practical, are of value as long as they 
assess the true physiological activit}^ of products 
under investigation In our expenence it is 
very seldom that the official physico-chemical 
method for vitamin A with the Morton-Stubbs 
Mrrection (3, 4) can be applied without over- 
'/ correcting, even if a part of the interfering 
I 1 material has been removed by saponification 
j j .\s the essence of this correction is the linearity 


* Received March 9, 1900, from tlie Research I aboralorie<i 
of l*rank W Horner Ltd , P O Box 959 Montreal Canad i 
Accepted for publication June 29, 1900 
rhaiikb are due to Dr R W Lehman, Vitamin and De 
M-lopmcnt Laboratory, Distillation Products Industries, f*>r 
iscful Suggestions, and also to Autonio LaTorre for help in 
'xperimental work 


of the irrelevant absorbance at the chosen wave- 
lengths, limitation in its application can be 
foreseen (3, 8-12) 

Our analytical procedure employs a more 
selective solvent, hexane, and also a mathematical 
correction, the essence of which is a comparison 
of the absorbance readings at one wavelength 
before and after the vitamin A in the unsaponifi- 
able fraction has been destroyed. 

The reliability of results obtained by our 
method is dependent on this condition: when 
a Canadian Reference Standard capsule of 
vitamin A is treated as an unknown and the 
conversion factor of 1,870, determined in our 
laboratory, is applied, the stated potency of 
25,000 I U /capsule must be found when the 
Morton-Stubbs correction (for hexane) is applied 
(Eq 4) 


ANALYTICAL PROCEDURE 

Reagents. -Hexane 72-1,005 from Shell Oil Co 
purified as follous 1,500 nil is shaken twice for 
five-niiiiute periods with 120-nil portions of con- 
centrated sulfuric acid; wash with 200 ml. of water. 
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then Mith 200 ml of 1% sodium hydroxide, and 
finally with 200 ml of water, shake two minutes 
each time, distill hexane slowlj and collect portions 
between 67 and 70°, dry ox^er anhydrous sodium 
sulfate Sodium sulfate reagent grade Potassium 
hj droxide 50% w/v aqueous solution, reagent grade 
Sapomfication. — Transfer to a saponification 
flask a suitable quantity of sample (size depends 
upon potency, 10 I U /ml wanted in final dilu- 
tion) Boil under reflux, in an all-glass apparatus, 
with 5 ml of potassium h 3 ’droxide 50% w/v, (3 
to 7 ml , or more, depending on sample) and 30 to 
40 ml of etlijl alcohol for thirty minutes Use 
electric hot plate and adjust heat to minimum re 
quired to have a good boiling Cool the flask 
under tap xvater and transfer solution to a 250 ml 
Squibb tjpe separatory funnel Rinse saponifica 
tion flask completely xxith 3 X 10 ml portions of 
w ater The aqueous solution is extracted w ith 1 X 
40 ml and 3 X 30 ml (or more) portions of purified 
hexane The hexane portions are collected in one 
separatorj’^ funnel Wash hexane extracts with 50- 
nil portions of water Repeat until the wash w’ater 
gives no color with phenolphthalem (4 to 5 wash- 
ings) Using a small funnel and a cotton plug, 
transfer the hexane extraction into a volumetric 
flask of not less than 200 ml Rinse with purified 
hexane and make up to volume 
Destruction Step.— Transfer 50 ml of hexane 
extract to a 150 ml separatory funnel Transfer 
also 50 ml of purified hexane to another 150 ml 
separator! funnel to serve as a reagent blank for 
the destruction of vitamin A Add to each separa 
ton funnel 10 ml of 60% sulfuric acid and shake 150 
times Discard sulfuric acid and repeat with 
another 10 ml of fresh sulfuric acid, or until sulfuric 
acid IS colorless Wash three times with 15 ml of 
distilled water (shake about 25 times) Filter 
through a cotton plug into an Erlenmeyer flask 
Spectrophotometnc Readings. — Readings are 

made on a Beckman DU spectrophotometer The 
absorbance of the Canadian Reference Standard is 
read against purified hexane at 310, 325, and 334 
mil For the samples (undestroj^ed hexane ex- 
tract), the readings are made at 325 mu onlj% 
however, if read at 310 and 334 m/i, the analyst can 
also applj the Morton-Stubbs correction (Eq 4) 
The absorbance of the "destrojed hexane extract” 
is read against the purified hexane submitted to the 
destruction procedure (reagent blank) All read 
mgs are made at 325 m/i onlj 
Comparison of Analytical Procedures. — A com- 
parison of the analytical operations in both methods 
is made m Table I 

Hexane replaces the ether and isopropyl alcohol 
and also eliminates the evaporation of an ether 
aliquot in an inert atmosphere Absorbance read- 
ings are measured at one waxelength instead of at 
three Destruction of \ itamiii A is an extra opera- 
tion 


THEORETICAL 

Pure Vitamin A Standard. — If one can imagine 
a right angle tnangle C'D'B' (Fig 1) m which the 
length of the base B'D 'corresponds to the absorbance 
reading of the x itamin A standard ( \ std ) at 325 
mp and the length of the height C'D' corresponds to 


Table I — Comparison of Analytical 
Procedures 


Annl>tical Operations 
Saponification 
Extraction solvent 
Evaporation of solvent 
in nitrogen 

Dissolution of residue m 
isopropyl alcohol 
Make to volume xvith 
solvent 

Destruction of vitamin A 
Absorbance readings 

Calculation 


Methods 

Hexane 


U S P XV 

Destruction 

Yes 

Yes 

Ether 

Hexane 

Yes 

No 

Yes 

No 

Isopropyl 

Hexane 

alcohol 

No 

Yes 

310, 325, 

325 mu 

334 

Equation 

Equation ■ 

5 

(std ) 
Equation ' 
(sample) 


the absorbance reading of the same vitamin / 
standard at the same xvavelength after it has bcei 
subjected to the vitamin A destruction procedun 
(dA std ), the ratio of these txvo experimenta 
readings or these txvo sides xvill be equal to thi 
value of the tangent of the angle a 


C'D' dA std 

tangent a 


(Eq 1 


Sample. — As in the case of pure vitamin A stand 
ard one can also visualize another right angle 
triangle GDE (Fig 2) m xvhich the right angle 
triangle CDB (Fig 1) can also be included 
Similarly, the length of the base ED can corresponc 
to the total absorbance at 325 m/i of the sample 
m this instance being composed of BD or A and El 



Fig 1 — Pure vitamin A B'D', absorbance of unde 
stroyed standard (A std ), C'D', absorbance of de 
stroyed standard (dA std ) 



E B ^ 


Fig 2 — Sample ED, absorbance of undcstroj/ 
sample (BD or A) -f (EB or F) GD. absorbJ-- 
of destrojed sample (CD or DA) -f (GC ori 
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or F, respectively, the absorbance of pure vitamin 
A in the sample and tlie absorbance of all the 
foreign materials in the same sample. Also simi- 
larly, the length of the height GD can correspond to 
the total absorbance at 325 m^ of the sample once 
/ it has been subjected through the vitamin A destruc- 
tion procedure; CD or dA and GC or dF being, 
respectively, the absorbance at 325 m/i of the de- 
stroyed pure vitamin A and the destroj'ed foreign 
materials originallj^ present in the sample. The 
ratio of these two experimental values, or two 
sides, will be equal to the value of the tangent of 
the new angle |S. 


^ „ GD CD -1- GC dA -I- dF 

tangent (3 BD EB A -f F 


absorbance destroj^ed sample 
absorbance sample 


(Eq. 2) 


The object is now to calculate the value of BD 
(Fig. 2), the corrected absorbance for pure vitamin 
A in the sample under investigation. Use is made 
of four values either obtained or calculated from 
experimental readings. 

base ED = absorbance of sample at 325 m/i 
height GD = absorbance of sample at 325 mji 

after destruction 


tangent “ = gg = 

absorbance of standard at 325 m^ 

absorbance of standard at 325 mfi after destruction 

\ GD 

C tangent = 

absorbance of sample at 325 m/j 

absorbance of sample at 325 mu after destruction 


Derivation of the following simplified expression 
to calculate the value of BD was made with the 
help of geometric and trigonometric relationships 


Ajscorr. = BD 


GD (1 + Tan.= a) 
Tan. d (1 Tan,= |3) 


(Eq, 3) 


EXPERIMENTAL 

Reports in the literature (13-17) indicate that 
solvents, ethyl ether and petroleum ether, were suc- 
cessfully employed for a complete extraction of the 
unsaponifiable fraction. The difference between 
the purified hexane employed in our work and 
petroleum ether used by others is not very great; 
this latter is a mLxture of pentane and hexane 
hydrocarbons while the former is pure normal hexane 
with traces only of methyl pentane, both saturated 
hydrocarbons (18). These authors pointed out 
I certain disadvantages in using these solvents such 
j IIS formation of peroxides in the ethyl ether, ap- 

i pearance of persistent emulsions, and partial ex- 
traction of some of the soaps. With pure hexane 
these are eliminated. 

\ Morton-Stubbs Correction Applied to Hexane 
Solvent. — On different days five Canadian reference 
' standard capsules (25,000 1. U. /capsule) were saponi- 
fied and the unsaponifiable fraction extracted as 
M utlined in the hexane destruction analytical pro- 
i ^urc. The ratios (1/K' and 1/K“) of the ab- 
nce readings recommended for the Morton- 


Table II. — Value of 1/K' and 1/K= for Pure 
V iTAmN A in Hexane 


Ratios 

1/K.* or Ajio/Agcs 
1/H^ or Aasi/ A325 


Mean Value Standard 

of Ratio Deviation 


0.8455 ±0.0050 or ±0.6% 
0 . 8745 ±0 . 0026 or ±0.3% 


Stubbs correction (3) were calculated and analyzed 
statistically (Table II). 

Substituting the above experimental values for 
1/K' and 1/K“ into the Morton-Stubbs general 
formula, the following equation is obtained 


Ajcs (corr.) 


3(A, - Ae) -f 5(A, - A.) ,, 

1.09r±-^028 


For ether and isopropyl alcohol, the U. S. P. formula 
is very close 


Ajio (corr.) 


3(4., - Ao) + 5(Ai - A 3 ) 
1.172 


(Eq. 5) 


Selectivity of Hexane Solvent for the Extraction 
of the Unsaponifiable Fraction. — Two samples of a 
blank (no vitamin A) polyvitamin preparation were 
saponified and the unsaponifiable fraction of one 
sample was extracted with ether while the other 
was extracted with hexane. Results of the ab- 
sorbance readings at 310, 325, and 334 mp are given 
in Table 111. 

The absorbance of the extraneous material ex- 
tracted from the blank polyvitamin preparation 
is much greater when extracted with ether than 
with hexane, especially at 310 m^. With hexane, 
the absorbance readings are much closer to linearity 
than when ex-tracted with ether. In terms of over- 
correction at 325 mp, the ether represents a drop 
of 15%, or three times greater than with hexane. 

Two samples of pol3ivitamin products were also 
saponified and e.xtracted as above with two solvents, 
ether and hexane. Results of the absorbance read- 
ings are given in Table IV. 

With hexane, the absorbance readings of the poly- 
vitamin preparations are also smaller than when e.x- 
tracted with ether. In terms of yields, the hexane- 
destruction method shows a recovery of 100% while 
the Morton-Stubbs correction gives only 85%. 

Comparison between the Morton-Stubbs and 
Hexane-Destruction Methods. — Five characteristic 
polyvitamin formulations (elixirs, emulsions, drops, 
capsules with, and without minerals) were prepared 
similar to those on the market with the exception 
of vitamin A. A two-year old sample of cod liver 
oil was also included in this study. 

To a measured quantitj' of each of the above 
preparations, a capsule of Canadian Reference 
Standard vitamin A (25,000 I. U./capsule) was 
added to the saponification flask just prior to 
saponification. The cod liver oil sample was 
analyzed before and after the addition of a known 
amount of the same Canadian Reference Standard 
vitamin A to the saponification flask. Each analysis 
was repealed six times for the polyvitamin prepara- 
tions and four times for the cod liver oil sample. 
The results, which have been expressed in % re- 
covery for the poljwitamin preparations, and in 
I. U./Gm for the cod liver oil sample, were calcu- 
lated by both the Morton-Stubbs (Eq. 4) and 
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The average per cent recovery of added vitamin A 
is very good: 100.1% by the hexane-destruction 
method and 96.6% by the Morton-Stubbs. At 
tliis probability level, the standard deviation and 
the confidence limits are only one-third as great 
I when calculated from the hexane-destruction results. 

With the same experimental results, the per cent 
recovery of added vitamin A into the same blank 
polyvitamin preparations was also calculated by a 
blank correction method: absorbance of sample at 
325 mu less absorbance of destroyed sample. Com- 
parison of these results w’ith those obtained by the 
hexane-destruction method of calculation is made 
in Table VIII. 


Table VIII. — Comparison of the Per Cent 
Vitamin A Recovery: Blank Correction 
Method as. Hexane-Destruction Method 



T. U 

% Recovery ^ 

Hexane Blank 

Differ 
ence 
in % 


Vitamin A 

Destruc- 

Correc- 

Re- 

Products 

Added 

tion 

tion 

covery 

Elixir A 

179 

99 9 

94 1 

5 8 

Elixir B 

200 

99 7 

93 9 

5.8 

Emulsion C 

1,087 

100.1 

96 4 

3 7 

Drops D 

12,500 

100 2 

97.9 

2 3 

Capsule E 

11,364 

100 1 

98 4 

1.7 


Table IX. — Comparison of a Single Hexane 
Extraction as. the Hexane -Destruction Method 


Con* Absorbance 

^ at 325 niM 

Hexane- 

Destruc- Single 



tion 

Hexane 

Difference, 

Products 

Rfethod 

Extn 

% 

Low vitamin A 




elixir, 200 I. U./ 
ml.) 

0 636 

0 628 

-1 3 

High vitamin A 




drops, 12,500 I, 
U./ml. 

0.619 

0 604 

-2 4 


With high vitamin A potency preparations (drops 
D and capsule E) both methods of calculation are 
acceptable. There is less than 2% difference in per 
cent recovery. With the low vitamin A potency prep- 
arations (elixir A and B, emulsion C) the difference 
between the per cent recovery of both methods is 
two to three times greater. 

The suggestion of Napoli, cl a! (13), of replacing 


all extractions by a single extraction with the same 
total volume of solvent was investigated with the 
hexane solvent on a low and a high vitamin A 
potencj' polyvitamin preparation (Table IX). 

This extraction modification is certainljr accept- 
able for routine control determinations, especially 
if the analyst considers the small per cent difference in 
the vitamin A extraction between the two methods 
and the time required for the analysis, which is 
appreciably reduced. 


SUMMARY 


A modified analytical procedure for determin- 
ing vitamin A in pharmaceutical preparations is 
described A new method of calculation based 
on geometric and trigonometric relationships is 
proposed. 

The hexane-destruction method of calculation 
was applied to five polyvitamin products and a 
cod liver oil sample to which known amounts of 
vitamin A standard were added. Statistical 
analysis of the results showed greater accuracy 
than obtained with the Morton-Stubbs method 
of calculation. Napoli’s extraction modifica- 
tion is also applicable. 
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Synthesis of Some Symmetrical Aldehyde 
Glycol Monoether Acetals* 

By ARTHUR J. GETZKINf and WERNER M. LAUTER 

Forty-two acetals of seven aldehydes and the mono-methyl, ethyl and «-butyl ethers 
of ethylene glycol and diethylene glycol were prepared, and their physical constants 
determined. An in vitro test was used to determine their hydrolysis in a slightly 
acidic medium, considered to be similar to the natural acidity of the human skin. 
It was shown that regeneration of the parent aldehydes proceeded with sufficient 
rapidity to warrant in vivo tests of these acetals in cosmetic formulas. 


A LDEHYDES REPRESENT some of the most valu- 
able perfuming and flavoring agents. A 
major disadvantage of the class is their relative 
instability; their tendency toward various con- 
densation and polymerization reactions which 
are frequently potentiated by light, heat, air, 
alkali, and amines. This usually results in loss 
of odor, change in fragrance, discoloration, or 
precipitation. 

Acetals are frequently utilized because they 
retain the aromatic properties of the parent alde- 
hydes and possess a good degree of stability. 
However, acetals are easily hydrolyzed in slightly 
acidic media, reverting to the respective alde- 
hj^de and alcohol components. The use of 
higher molecular weight alcohols in acetal syn- 
thesis has not received much attention because 
of the low volatility and consequent loss of aroma 
such acetals would possess. High molecular 
weight acetals have been noted as potential ard- 
matic stabilizers or fixatives (1, 2). 

Synthesis of the acetal of diethylene glycol 
ethyl ether was first discussed by Nieuwland (3). 
Glyoxal tetra acetals of the glycol monoethers 
have been prepared and their applications in 
cosmetics mentioned by MacDowell and 
McNamee (4). 

The objective of this investigation was the 
preparation of symimetrical acetals of the mono- 
ethers of ethylene glycol and diethjdene glycol 
which, while themselves of little olfactory value, 
would be easil}' hydrolyzed in slightly acidic 
media to the corresponding aldehydes. The 
original aldehyde would thus be restored with the 
glvcol ether free to act as a fixative. The glj'col 
ethers appear to fulfill the requirements for a 
cosmetic fixative, as expressed by Neurath (5). 

Kulka (6) has stated that the reactivity and 
conversion rates of various aldehydes and al- 

* Received February 19, 19*50, from the College of Phar- 
macy, University of Florida, Gainesville. 

This paper is based in part upon a dissertation presented 
to the Graduate Council of the University of Florida by 
Arthur J. Getzkin in partial fulfillment of the requirements 
for the degree of Doctor of Philosophj’. 

t Present address: Naval Medical Research Center, 
Bethesda, Md. 


cohols depend upon their molecular weights and 
configurations. The following rules are generally 
aceepted: (a) The conversion rate for primary 
alcohols is slow, but yields are high, (b) Second- 
ary and tertiary alcohols react more rapidly, but 
yields are lower, (c) Polyhydric alcohols react 
satisfactorily' and almost completely, especially 
with aromatic aldehydes, (d) Aliphatic and 
arydalkyd aldehy'des react more slowly' but more 
completely' than aromatic aldehydes. 

Aldehy'des possessing a hy'droxyl group do not 
lend themselves to direct acetylization due to the 
nature of the condensation which must occur. 
Synthesis of the acetals of such important o.':y- 
aldehy'des as vanillin, ^-hydroxybenzaldehyde, 

and salicylaldehyde is more complex and will bJ 
the subject of a future report. 


EXPERIMENTAL 

The mono-methy'l, ethyl, and «-butyl ethers of 
ethy'lene glycol and diethylene glycol were employed 
as alcohols; n-buty'raldehy’de, isodccaldehyde 
(mixed isomers), benzaldehyde, cinnamaldehyde, 
anisaldehyde, cuminal, and piperonal as aldehyde 
components for the acetals. 

Concentrated hydrochloric acid, gaseous hydro- 
gen chloride, concentrated sulfuric acid, concen- 
trated phosphoric acid, anhydrous calcium chloride, 
and a cationic exchange resin* in catalytic quantities, 
were tried as condensing agents. Considerable resin 
formation and low acetal j'ields resulted. Experi- 
ments indicated that p-toluenesulfonylchloride 

would be an effective condensation agent and the use 
of this material did furnish satisfactory' yields. 

Between twenty'-four and thirty hours of reflux- 
ing was necessary to adequately' remove all water ol 

reaction. The reaction mixture was quickly neu- 
tralized with sodium metlioxide, which appcarei 
more complete than the classical treatment with 
sodium carbonate. ' 

The general preparative procedure for tlie com 
pounds reported is as follows: The aldehyde, gl}T° 
ether, and /)-toluenesulfony'lchloride, in quantity^ 
representing a molar ratio of 3: 5:0.001, respective!), 
were thoroughly' mixed until the chloride was en- 
tirely' dissolved. The mixture was allowed to stan 
for fifteen minutes and 40 ml. of water-saturatn 


• Ambcriite IK.-120, Rohm and Haas Co. 
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Table I ■ — Acetals of Ethylene Glycol-monoethers with Aldehydes 


December 1900 


Scientific Edition 


747 



o -t cc 

00 CO iQ 

CD -t G5 

I^COOO 

CD LQ 

>-H 1— I O'! 

C O ^ 

Yield 

CO t*- ic 
lO IQ lO 

CD O W 
CO CD 

CO 00 b- 
IQ IQ IQ 

CO CO h- 
IQCDCO 

IQ* 

CO CD IQ 

^ X CO 
IQ IQ CD 

05 05 O 
Tf LQ 








^ ^ ^ 


S o 






-2 ® ^ 

u 

>x 

tn t/j V5 

1/5 VI t/) 
OJ 0/ o 

(/i tfi Ul 
1/5 t/5 V5 
0/ 0) (U 

> > ^ 

V5 tf) VI 
VI V5 V5 

o a Ci 

V5 V) V5 
V5 V5 V5 

0) u a> 

*3 *3 *3 
^ 

U 

4-) 'U 4-1 

O 

fcO'Q bo 

*1U *1^ "u 
,2 ^ ^ 
*o *0 *0 

uoo 

"u ’u 

’o’o’o 

OOU 

.2 -2 .2 
'3 *3 *3 

'C "C ’u 
.2 -2 ^ 
*o ’o 3 

ooo 

*3 "u 

sss 

*0 'o ’o 

ooo 

4-) 4-( -4-) 

^ X -C 
bJO bo bO 

*533 


•a 

X -t 05 

05 05 05 

^ IQ O 

(MC^O 

O (N CD 

Q] 05 

O w 05 

c 

Tfi 05 CO 

05 X ’Ct' 

XO X 

O 05 t"- 

r-H rJH CD 

»-( IQ (M 

X 05 X 

WgL“ 

u 

O O t-H 
*“H ^4 

tH W N 

X 05 05 

XXC5 

X X 05 

05 05 O 

t>- X 



»Q X O 

O X X 

05 (M Tf 

xox 

0X1" 

X TJ4 IQ 

05 IQ iQ 

•a 

i-H X 

X O X 

X O 05 

X 05 I>- 

<N r" CD 

(M 1" 

O t" t" 

U 

o ^ ^ 

w s s 

X 05 05 

xxa5 

X X 05 

05 05 O 

t" t" X 


•a 

0=0, 

X IQ 

Tf Tf rti 

C35 CD 05 
CD ^ iQ 

X X IQ 
1-4 <M CO 

X X «-H 
t" T-H C5 

X 05 05 
1" O ‘ 

t" iQ ^ 
T}4 IQ —I 

t" O t" 
W 05 t" 


X I-H CD 
IQ CD CD 

CD X O 
CO CO t" 

»Q t" 05 
CO O CO 

I" 05 t-H 
CD CD t" 

<M rt4 t" 
CD CD CD 

t" O (M 
CD 1" 1" 

05 »-H X 
IQ CD CD 



<M ^ CO 

CO X 

XXX 

rf CO CD 

O O CD 

X Tt- 05 

03 05 

•c 

Ql iQ t-t 

»-4 X X 

05 1-1 X 

X X 05 

DJ tT 1" 

OCDO 

^ X 1-* 

C 

ale 

% 

X ’-H CO 


t" o 

t"05»-l 

03 rf t" 

X 05 N 

05 -4 )Q 

U 

IQ CD CO 

CO cot" 

CO cot" 

COCDt" 

CD CD CO 

X CD t" 

X CD CD 


qqq 

qqq 

qqq 

odd 

qqq 

odd 

odd 

Mol 

rmul 

e «4 <0 


waffi 

« «» e» 


tnKt| 



■ ' o 

U 

ooo 

cJcJO 

ooo 

cJod 

cJJd 

ddo 

cJ Jo 



XXX 
C3 X *t' 

XX05 
-fi rr X 

05 ^ X 
03 X 

xxx 

X X Tf 

03 t" t" 
X X 

t" 03 03 
X X 

X CD 
X X rf 


CD 't' O 
O X 05 
OHM C3 

O X 

05 1— 1 t" 

03 X X 

OCOrt* 
tj;<CD03 
03 03X 

CD’^O 
CD 05 X 
03 03 X 

ox*^ 

t" 05 X 
03 03 X 

030CD 
X ^ CD 
03 X X 

05 03X 
X CD 
03 XX 

t- 

CO CD X 
O C3 (M 
t" C3 O 
05 05 05 

X CD X 

03 i-H 

O 05 
05 05 X 

03 05 

1-t 00 ^ 

X O t" 

O O 05 

i2 05X 
Tf X 

1" 1 — 1 l-s. 

O o 05 

1" t" 05 
i-H 1" X 
1-1 Ti4 O 

1-1 o O 

XXX 
X X 
xxx 

O 05 05 

X t" CD 
X Tj4 CO 
X 03 CD 
^ ^ o 

03 

OOO 

ooo 

^ rHO 

1— 1 o 


-4 0 0 

W — 4 1-^ 

Refr 

Index 

25® 

1 4205 

1 4185 

1 4268 

1 4340 

1 4330 

1 4355 

1 4815 

1 4735 

1 4685 

1 5160 

1 4988 

1 4917 

1 4910 

1 4830 

1 4775 

1 4810 

1 4755 

1 4720 

1 5038 

1 4925 

1 4850 


E 

X 
X 03 
X 03 

o 

X 

03 03 03 

X 

03 I" 

J2*^5X 
03 03 03 

xxx 

xxx 
03 03 03 

XXX 
03 03 03 

OOO 

— > 

poo 

OOO 

ooo 

OOO 


OO"". 




'".w 


SU 

'"s\CD 

^ — H 

CD X O 

JOOO-H 

t" o 

t" X CD 

CD ’t t" 
X t" 


X CD 1-* 

-H 03 X 

0X1" 

X -Ji 

X t" 

03 X CD 

o - 

CD X >-< 


1— f 1— » 

’T* 1—1 1—1 

— H ,-H — 4 



ca V 

g 

1 1 1 
CD O O 

[ i i 
CDXX 

03 03 4* 


1 1 1 

03 O CD 

1 I 1 

-i4 ^ 03 

03 O 03 

rt 

CD X 

O 

O X CD 


CC tT CD 

03 X CD 

X t" 

Ci 


rH 1 -^ 

— ^ 1-^ 1-H 

1^ —4 

^ ^ ^ 

1-H —4 — H 

^H 1-H 










rX 

,a 

X 

^ -.a 


^a 





kWJ 

a^cJ 


a^q 

a^q 


UU s 

OO R 

oo K 

’~>u ~ 

OO K 

oo c 

oo K 




"o 


CJ 

•a 




«/ 

•o 

2 

2 

2 

’o 

o 

o 



X 

•a 

rt 

2 

’o 

2 

2 

2 

2 

2 

r3 

< 


u 

CJ 


"i 



V. 


D 

X 


N 

O 


VI 

= 

CJ 

D 



V3 

P 

O 

< 

c 

' P 


AH tiiMlyscs were performed by Weiler and Str'iuss Microanalyticnl Laboratory Oxford England & Mixed isomers 



Tadlc II —Acetals of Diethyleneglycol-monoethers with Aldehydes 


748 


Journal of the American Pharmaceutical Association 


Vol 49, Wo V 





t-4 O 

IC b- 

COCqb- 

CO 

o 

t- 

CO CO CO 

O (M (N 

O CO o 

*3 

h- o o 

C5 CO 

co^c<i 



o 

lO CO 

05 0 0 

05 coo 

> 

lO 

lO O CiJ 

lO rf lO 


lO 

iO 

lO CO ^ 

lO UO UO 

rf LO 


& & & 
o o o 


u 


C/> tf> (/> 

t/) (O cn 


0 CJ 

in tn 

tn tn in 

■H -H U 



tn t/i t/t 

(/) lo cn 


ho 1 M 

in tn 

tn in m 

3 cj3 

C 

U 

^ ^ ^ 

Ji ^ Si 

’w 

^ O O 

O 0) o 

’ll 'n 
£S O 

- g 

0 ^ 

^ ^ s 
2.2 2 

^ Si > 

V- *■- S 
.2 .2 s 

CJ 05 0 

3 3 3 
.2 .2 ° 

>»>>>, 
s s s 


*a ’o *3 

*o *0 3 

3 3 o 

*0 3 

0 3° 

3 3 3 

3 3 3 

bO bO be 


>4 >H >4 

avo 

ouu 

>4 >4 

> 

ou>< 

OOO 



-t O lO 

W 00 

rt4 CO CO 

lO vO 

a 

h- CO I'- 

VO t- CO 

00 CO I- 


01 TJ4 O 

05 rf rj- 

CO O 00 

0 ^ 

00 

CM C5 0 

CO t- 0 

VO (M 10 

0 

o o o 

^ -4 05 

00 05 C5 

00 <55 

C5 

X 00 0 

C5 C5 0 

I-COOO 

CJ- 

«— 1 1— ( «— 1 

^ 





r-4 



I- CO oo 

00 o o 

C5 »0 5''. 

CO CO 

VC 

-14 t>- I«- 

VO rH 0 


1 3 ^ 

05 CO ’-H 

Tf 1- 

veot^ 

VO CJ5 

CO 

-14 00 VO 

(M CO CM 

»o 0 00 

"rt 

o o ^ 


00 C5 05 

00 oo 

C5 

00 W C5 

05 05 0 

00 00 

0 


r-i »— t 







CO 00 05 

CO « 

le CD ^ 

VO 1- 

-r 

CO 05 00 

rH C5 CO 

^{5005 


^ CO 00 

rp CO rj4 

C5 C5 00 

00 05 

0 

05 14 0 

t'r 0 CO 

05 05 rH 

) 3*^ 
o 

O CO 

CO ic t^ 

^ rf CO 

rJ4 t->. 

00 

0 05 VO 

-14 CD C30 

COOCO 


ic lo CO 

CO CO CO 

O CO CO 

0 CD 

CO 

CO CO CO 

CO CD CO 

VO CO 0 

. 

05 C lO 

lOCOO 

t'- 05 VO 

00 

VO 

r-4 10 CO 

-14 0 (50 

i29S^ 

'Cy.O 

CO 

Tj» O TJ4 

^005 

CO <75 

-1- 

CO — 4 t-H 

CO CO CO 

0 05 rH 

Gi CO 

CO rf 5^ 

05 -!J4 O 

rt4 lO 

00 

0 05 VO 

-14 CO CO 

2 W 

5 

VO CO 

CO CO CO 

CO CO CO 

CO CO 

CO 

CO CO CO 

CO CO CO 

VO VO CO 

n 






odd 

(»<#«# 

oe eo w 

odd 

666 

odd 

QQ 

q 

OOO 




S 3 

«> ■** o 





2 1 




EE 



0 -4 

xiSx 


JcJo 

® ^ 
oov 

eJeJo 

cJ J 

0 

odd 

odd 

dud 


00 CO Tf 

-t CJO 
VO UO CO 

C5 vO VO 

M <73 

00 

05 1--00 

W 05 CO 

0 CO CO 


CO -T lO 

CO •r^ VO 

'T 

VO 

1" -14 10 

I* VO CO 

1* 14 VO 


2:c^oo 

00 CO 05 

00 CO 05 


00 

^ S5 

oco 

I'r 05 vO 

05 d CD 

A 

O 05 t>- 

t>. O CO 

05 VO -4 

CO 

VO 00 14 

t- 0 VO 


05 CO CO 

CO rr* -r 

CO CO -44 

CO CO 

-T 

CO C0 1* 

CO CO -14 

CO -14 -14 


VO 00 05 

CO I'- 

0 CO 05 

S5 

CD 

CO 0 CO 

0 -14 VO 

t-- CO lO 


O VO t^ 

ve 05 CO 

0 r'-oo 


^ 05 0 

-14 CO (M 

CO 05 (05 


05 CO 

00 CO 05 

0 CO C35 

00 CO 

0 

05 VO lO 

CO 0 w 

0 rH l>, 

O C3 C2 

C5 C5 05 

G5 

0 0 

0 

^00 

0 0 C5 

05 rH 0 

c. 

t/3 

^ O o 

OOO 

•-4^0 

»— 4 r-4 


^ 7 -^ 1-H 

rH rH 0 

rH rH rH 


uo O (N 

O VC 05 

0 CO 00 

0 0 

00 

VO VO 00 

C50 CO 0 

W CO VO 


rf lO 00 

05 t'- CO 

00 CO 00 

00 vO 

VO 

VO 0 -r 

00 CO (M 

rH CO 0 


CO CO CO 

CO CO tT 

W I'* CO 

05 05 

00 

00 CO 5^ 

t- I- !>- 

05 00 00 

•J *0 e-j 

v* c 

'Cf tT 

-f rj* 

T}^ 

-14 r}4 

-1- 

14-14-14 

-14-14-14 

14-14-14 




1—4 — ^ 



r-4 rH rH 

rH rH rH 

rH rH r-4 

c 

lO uo IQ 

VO 

VO 



VO VO 

VO VO VO 



05 05 05 

CO CO 05 

CO CO CO 

eg CO 

CO 

05 (M CO 

05 CVl 05 

CO CO 
CO 

OOO 


ooo 

OOO 

ooo 

0 0 

0 

OOO 

OOO 

SU 









CO CO 05 

05 00 O 

0 05 00 

— ' 0 

-}4 

C5 VO CO 

0 CO 0 

14 0 14 

*3 * 

05 CO CO 

CD COO 

0 t'- C5 

00 05 


00 C5 rH 

CO CO 0 

05 0 rH 

C2 W 

^ 'T *T 

r-^ 

1-H <-H ^ 

r- 1 W 

05 


rHrHM 

rHC;5 05 

c 

O 05 CO 

1 [ 1 
00 »o -r 

CO 00 44 

00 4^ 

5"- 00 

1 

0 

oi) 0 0 

I 1 1 

-14 -14 CO 

1 1 I 

CO CD 0 

c? 

05 CO VC 

VO CO 00 

VO CO 0 

r-4 

t-- C5 r-. 

S^22 

CO 05 rH 



^ ^ 1 

I— 1 ^ ( 

*— 4 

05 

1-H rH 


rH rH (M 


o 









•n VM 

.-E 

oK 


£ 

oS 






E^vJ 

E"tS 

J 

K ^d 

E«o 

E"Wo 


OU R 

OO i 

00 a 

OO 


oa s 

00 a 

00 a 


Cl 



c; 






*o 



•p 





V 

"o 


.Si 

?-» 

C( 


jj 



o 

u 



3 


3 


C 


£ 

o 

tC 

ZJ 

5 


(/ 

5 

CJ 

c. 


s; 


c 

G 


< 

0 

'£ 



December 1900 


Scientific Edition 


749 


toluene was added. The flask was tlien connected 
ton Dean-Stark distillation receiver and the contents 
gently heated to maintain boiling. 

After twenty-four to thirty hours of refluxing, no 
further increase in water of reaction was observed. 
The reaction mixture was then allowed to cool and 
' sodium methoxide added slowly, until a slightly basic 
reaction to litmus was observed. The mixture was 
then vacuum distilled, to leave only a tar-like alde- 
hyde degradation product and a small residue of 
sodium methoxide. Repeated vacuum redistiila- 
tions followed, until a constant refractive index was 
obtained, which served as an index of purity for the 
acetals. 

The general reaction involved is; 

H H + 

R— C=0 + 2 HO— (CH;CHaO)i-:— R, 

(CH=CH:0),-5— Ri 

R— C < 

^O— (CH.CHiO),-.— R, 

Ri = CHj 

= CiHs 
= CiH, 

The yields reported in Tables I and II refer to 
those obtained by using 0.1 Jlf of aldehyde, 200 mg. of 
/)-toluenesulfonylchloride, and a quantity of glycol 
ether sufficient to fulfill the molar ratio of 3 moles 
I aldehyde to 5 moles glycol ether. 

I j Evaluation of the Glycol Ether Acetals for Alde- 
j hyde Release. — Many of the acetals prepared re- 
f tained moderate odors, similar to those of the parent 
aldehydes In vitro evaluation of aldehyde release 
could be based on odor intensity comparisons be- 
' tween acetal alone, acetal in a slightly acidic 
1 medium, and pure aldehyde. Due to the subjec- 
' tivity involved in odor intensity duplication by this 
j method, it was felt that a chemical method w'ould be 
I more preferable 

* The presence of free aldehj’de was determined by 
reaction with Schiff's reagent (7) The modified 
i Schiff’s reagent of Carej' (8) was employed. The 
usual pH of the intact skin remains a controversial 
, aspect of epidermal physiology, with more than 
j eleven investigations reporting values ranging from 
pH 3.0 to 7.0 (9, 10). It was therefore deemed 
advisable to average the reported experimental data 
I and the preponderance of results placed the average 
‘ pH of the human skin at about 5 5. Hence, a 
I modified Schiff’s test utilizing an aqueous medium 
buffered to pH 6.0 presented a medium equal to or of 
lesser acidity than the medium that the acetal would 
encounter upon application to the skin. 

Test solutions of each glycol ether acetal and each 
aldehyde, for comparison as standards, were ethanol 
dilutions of such strength that a 2.0-ml. aliquot 
®utcd to 25 ml. represented a 1 X 10 M solution 
\^ith respect to acetal or aldehyde. The concentra- 
fV. tion of the glycol ethers under the same conditions 
Vas 2 X 10 M Each glycol ether acetal was 
I tested as follows: 5 0 ml. of pH 6 0 buffer (U. S P. 
I XV, page 931) was placed in each of three 25-ral. 
5 volumetric flasks; 2 0 ml. of acetal dilution was 
, pipetted into the first flask; 2 0 ml. of the parent 
' aldehyde dilution; and the corresponding volume 
of tlie appropriate glycol ether dilution were placed 
>n the second flask. A blank consisting of 2 0 ml. 


Table III — Colorimetric Absorbances or Ace- 
tals AND AlDEIIYDE-GLYCOL-MONOETHERS AT .560 

ni/t Using the Modified Schiff’s Reagent of 
Carey 




Alde- 
hyde -4- 
Glycoi 

Absorb- 



mono- 

ance 


Acetal 

ether 

Ratto 

Sample Composition 

(I) 

(ii) 

(i/ii) 

«-Butyraldehyde 



Ethylene glycol methyl ether 

0 319 

0 366 

0 87 

Ethylene glycol ethyl ether 

0 366 

0 398 

0 91 

Ethylene glycol H-butyl ether 

0 387 

0 420 

0 92 

Diethylene methjd ether 

0 356 

0 377 

0.94 

Diethylene ethyl ether 

0 398 

0 420 

0 95 

Diethylene n-butyl ether 

0 387 

0 420 

0 92 

Isodecaldehyde 



Ethylene glycol methyl ether 

0 371 

0 398 

0 93 

Ethylene glycol ethyl ether 

0 332 

0 356 

0 93 

Ethylene glycol «-butyl ether 
Diethylene glyeol methyl 

0 347 

0 372 

0 93 

ether 

0 377 

0 398 

0 95 

Diethylene glycol ethyl ether 
Diethylene glycol K-butyl 

0 342 

0 366 

0 93 

ether 

0 337 

0 377 

0 89 

Benzaldehyde 



Ethylene glycol methyl ether 

0 155 

0 210 

0 74 

Ethylene glycol ethyl ether 

0 160 

0 180 

0 88 

Ethylene glycol n-butyl ether 
Diethylene glycol methyl 

0 134 

0 149 

0 90 

ether 

0 130 

0 146 

0 89 

Diethylene glycol ethyl ether 
Diethylene glycol n-butyl 

0 160 

0 180 

0 88 

ether 

0 130 

0 150 

0 81 

Cinnamaldehyde 



Ethylene glycol methyl ether 

0 418 

0 456 

0 91 

Ethylene glycol ethyl ether 

0 453 

0 488 

0 92 

Ethylene glycol n-butyl ether 
Diethylene glycol methyl 

0 387 

0 420 

0 92 

ether 

0 434 

0 495 

0 88 

Diethylene glycol ethyl ether 
Diethylene glycol n-butyl 

0 515 

0 553 

0 93 

ether 

0 545 

0 585 

0 93 

Anisaldehyde 



Ethylene glycol methyl ether 

0.097 

0 142 

0 68 

Ethylene glycol ethjd ether 

0 161 

0 222 

0 73 

Ethylene glycol n-butyl ether 
Diethylene glycol methyl 

0.134 

0 167 

0 80 

ether 

0 108 

0 143 

0 76 

Diethylene glycol ethyl ether 
Diethylene glycol n-butyl 

0 167 

0 215 

0 77 

ether 

0 132 

0 167 

0 79 

Cuminal 



Ethylene glycol methyl ether 

0 387 

0 398 

0 97 

Ethjdene glycol ethyl ether 

0 319 

0 372 

0 86 

Ethylene glycol n-butyl ether 
Diethylene glycol methyl 

0 352 

0.387 

0 91 

ether 

0 314 

0 366 

0 86 

Diethylene glycol ethyl ether 
Diethylene glycol n-butyl 

0 319 

0 398 

0 SO 

ether 

0 334 

0 366 

0 91 

Piperonal 



Ethylene glycol methyl ether 

0 347 

0.351 

0 99 

Ethylene glycol ethyl ether 

0 337 

0.366 

0 92 

Ethylene glycol n-butyl ether 
Diethylene glj'col methyl 

0.347 

0.347 

1 00 

ether 

0 361 

0 377 

0.96 

Diethylene glycol ethyl ether 
Diethylene glycol n-butyl 

0 342 

0.366 

0 93 

ether 

0.337 

0.351 

0.87 
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ethanol and 2 0 ml glycol ether dilution was pre- 
pared in the third flask Exactlj' ten minutes stand- 
ing time at room temperature was allowed for the 
hydrolysis reaction Then 1 0 ml Carey’s reagent 
and sufficient distilled water were added to bring 
the volume to exactly 25 0 ml The addition of 
2 0 ml ethanol to the solutions containing acetals 
of ethylene glycol monobutyl ether was necessarj' to 
insure complete solubility The solutions were 
allowed to stand for an additional ten-minute period 
at room temperature to assure complete color 
development The color produced in the aldehyc 
and acetal dilutions was then measured at 660 V3fi 
relative to the reagent blank adjusted to 100% 
transmission The results obtained are summarized 
in Table III 

DISCUSSION 

With the exception of the amsaldehj'de acetals, the 
absorbances of the hydrolyzed acetal samples were 
almost equivalent to those of the correspqnding 
aldehyde dilutions The behavior of the anisalde- 


hyde acetals may be explained by the strong elec- 
tron-donating effect of the methoxy group ivhich is 
transmitted through the benzene ring to the bond 
m the Schifl’s base linkage. It may therefore be 
concluded that under the specified experinieiita 
conditions aqueous solutions buffered to pH 6 0 wen 
capable of hydrolyzing these acetals to the paren; 
aldehydes 


REFERENCES 


(1) Takada, S , Koryo, 24, 10(1953) 

(2) Betzler, E , Ather, Ole, Rtechsloffe, Parfumer , Essrm 
Arovien, I, 82^1951) 

(3) Nieawland. J , U S pat 1,824,903. Sept 29,1931 

(4) MacDovvell, G , and McNaraee, R. W , U S pat 
2.321.094. June 8. 1943 

(5) Neurath, M , Am Perfumer Essent Oil Ret , 61 
273(1953) 

(G) Kulka. U , fbtd , 54, 130(1949) 

(7) Snell, F D , and Snell, C T , "Calorimetric Method 
of Analysis,’’ 3id Ed , Vol II, D. Van Nostrand Co, Ne\ 
York, N Y , 1953, p 259 

(8) Carey, M \V , Green, L W , and Schoetzoiv, R F 
This Journal. 22, 1237(1933) 

(9) Jacobi. O , and Heinrich, H , Proc Set Seel Toth 
Goods Assoc, 21, Gfl954) 

(10) Lubowe, I , liud , 23, 40(1955). 


Acid Hydrolysis of Tetrahydropyranyl Glycosides: 
Effects of 2-Methylation and 3-Hydroxylation 

on Rate of Hydrolysis* 

By ROBERT V. PETERSEN 


A series of methyl glycosides (acetals and 
ketals) analogous to aldopyranosides, keto- 
pyranosides, and their 3-hydroxy analogs 
(tetrahydropyran, 2.methyl-tetrahydropyran, 
and 3-hydroxyl derivatives of these com- 
pounds) were synthesized, subjected to acids 
of various concentrations, and their rates of 
hydrolysis determined spectrophotometri- 
cally. 

A CHARACTERISTIC feature of glj^cosides is the 
bonding of a sugar to an aglycon by an 
acetal or ketal bond. This type of bonding is 
knotvn to be relath'ely unstable in the presence 
of acids, the degree of instabilit}" being dependent 
on the chemical nature of the sugar and the 
aglycon. Because orally ingested glycosides are 
immediately subjected to the relatively stronglj' 
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acidic conditions in the stomach, a knowledge o 
the behavior of various fundamental glycoside 
under such conditions might suggest the syti 
thesis of new agents which possess more desirable 
stabilit)’-, as well as absorption and distribution 
characteristics. 

Several factors serve to regulate the stability o 
acetals and ketals to acid hydrolysis. For ex 
ample, it has already been demonstrated tha 
glycosides in which the 3-position of the suga: 
moiety contains a hydroxyl group are mud 
more stable than the corresponding 3-deso\) 
glycosides (1, 2). Similarly, glycosides of aide 
hydo-sugars are more stable than corre 
spending glycosides of keto-sugars (3). It mus 
also be realized that other factors found ii 
naturally occurring glycosides, such as the naturi 
of the alcohol, the presence of additional hy 
droxyl groups in the sugar, a- and /3-forms of tin 
glycoside, and other variations also influence tin 
stability of the compounds. 
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There are conflicls in the literature regarding 
the stabiliU' of some acetals and ketals. For ex- 
ample, Bergmann and Miekeley (4, 5), using 
chemical methods of assay, state that 2-meth}'l-2- 
methoxy-tetrahydrop 3 Tan is quantitatively hy- 
drolyzed within a few minutes in O.OOOSiV hy- 
drochloric acid, whereas Linnell and Melhuish (6), 
using chemical and enzymatic methods, report 
that this compound is resistant to hydrolysis by 
1 N hydrochloric acid during seventy-two hours, 
and is stable to permanganate, and, hence, is 
comparable in reactivity to the normal sugars. 
Linnell and Melhuish also claim this to be a new 
substance, although it had been reported previ- 
ously by Bergmann and Miekelc)'. 

In view of the importance of glycosides as 
drugs, and of the divergence of opinions relative 
to the stability of the acetal and ketal bond, it ap- 
peared important to study more definitiveljq with 
newer techniques, the relative stability of a 
series of acetals and ketals, with special reference 
to the effects of 2-methylation and 3-hydroxyla- 
tion of these compounds. The results of numer- 
ous experiments performed provide the basis for 
this report. 

Cyclic vinyl ethers, sucli as dihydropyran, are 
highly reactive to a variet}"- of reagents, such as 
alcohols. Paul (7) showed that dihydropyran 
reacts rapidly with hydroxyl-containing com- 
pounds, in the presence of an acid catalyst, to 
yield acetals. 



I(R=CH3) 


In the presence of aqueous acids, the acetal is 
hydrolyzed to 2-hydroxy-tetrahj'dropyran (II) 
(6-hydrox}waleraldehyde) and the alcohol. 


xOn 


\/ 


-OR 


H + 

-f H— OH > 


-OH 


11 


+ R— OH 


Parham and Anderson (8) suggested that this 
reaction be used advantageously as a means of 
jirotecting the hydrox 3 d group during reactions 
carried out in an alkaline medium, as the acetal 
is relative^ stable in alkaline solutions and can 
be restored to the original hydroxy-compound by 
mild acid hydrolysis. 

Ketals of 2-methyl- A'-dibydropja'an (anhydro- 
T-aceto-w-butjd alcohol) are formed bj' reaction 
of 2-methyl- A--dihydrop3Tan with an alcohol 
(1,5). 


/On 


-CH, 




-t- R— OH 


H + 


/0^CH3 

I 1^®^ 

III (R=CH3) 


Acid hydrolysis of this ketal jdelds 2-methyl-2- 
hj'droxy-tetrahj'dropyran (IV) (y-aceto-ii-butjd 
alcohol) and the alcohol (7, 9-11). 



It has been shown by spectroanalysis that 6- 
hydroxy aldehydes, such as 6-hydroxy-valeralde- 
hyde, exist primarily in the cyclic form as hemi- 
acetals (11-14), whereas the 5-hydroxy ketone, 
7 -aceto-«-butyl alcohol (IV) has been shown to 
exist mainly in the open chain form (14). The 
reactions of both types of compounds are ex- 
plained mainly on the basis of the cj^clic hemi- 
acetal and hemiketal structures. This is evi- 
denced by the fact that each type of compound 
will react with alcohols to form cyclic acetals and 
ketals which are identical to those formed from 
analogous cyclic vinyl ethers and alcohols (4-6). 

Naturally occurring glycosides, likewise, are 
typified by the acetal linkage of hydroxyl-con- 
taining compounds to various sugars. The 
analogy between compounds II and IV with 
sugars and between I and III with glycosides was 
pointed out by Bergmann and Miekeley (4, 5) 
and by Linnell and Melhuish (6). 

3-Hydroxy-7-aceto-n-butyl alcohol was pre- 
pared by Bergmann and Miekeley (4) by hj^- 
droxylation of anhydroacetobutjd alcohol with 
perbenzoic acid, and was shoivn to exist in 
equilibrium with the pyranose hemiacetal form, 
2-methyl -2 ,3-dihydroxy-tetrahj'drop3Tan (V) . 



y 


Compound V undenvent condensation with al- 
cohols, similar to the reactions of acetobutyl alco- 
hol, to j-ield cyclic ketals. 



/n /CH, 
H+ 

pOH -f- R~OH - 

> I pOR 

\/^OH 

^'^OH 


VI (R=CH2) 
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Compound V and its methjd acetal VI were com- 
pared with other carbohydrates and glycosides and 
analogies were made in their properties and re- 
actmties. 

Recently, Hurd and Kelso (15), and Hurd, 
Moffatt, and Rosnati (16) prepared 2,3-dihy- 
droxy-tetrahydropjTan (VII) from dihydropyran 
and hydrogen peroxide in the presence of osmium 
tetroxide. 

1 + HO— OH 

VII 



The resulting carbohydrate was compared with 
other desoxyaldopentoses (15, 17). 

In order to complete the series of acetals and 
ketals to be studied, the metliyl acetal of com- 
pound VII was synthesized by reacting VII with 
1% methanolic hydrochloric acid. The resulting 
compound was 2-methoxy-3-hydroxy-tetrahydro- 
pyran (VIII). 



•+• CH,— OH 





OCHa 
!— OH 


VlII 


In addition to the above compounds, 2-chloro- 
tetrahydropyran (IX), 2-chloro-2-methyl-tetra- 
hydropyran (X), and the “disaccharide” 2'-tetra- 
hydrop)'ranyloxy-2-tetrahydropyran (XI) were 
sjmthesized and tested for stability in dilute 
aqueous acids. 



IX X XI 


EXPERIMENTAL 


The physical properties and references to the 
syntheses of the various compounds are listed in 
Table I. 

Synthesis of 2-Methoxy-tetrahydropyran (I). — 
Compound I was synthesized by the method of 
Paul (7) as modified bj' Woods and Kramer (11). 
The synthesis involves the reaction of dihydropyran 
with methanol containing hydrochloric acid, neu- 
tralization of the acid with sodium hydroxide pellets, 
then distillation of the product. 

Synthesis of 2-Hydroxy-tetrahydropyran (II). — 
Dihydropyran, purified by drying over Drierite* for 
several days, then fractionating at 83.8-84.0" at 
742 mm., was hydrated by the method of Schniepp 
and Geller (18), using aqueous hydrochloric acid, 
to yield II. Methylation of II in 1% methanolic 
hydrochloric acid at 50° for one hour and fraction- 
ation of the mixture yielded a product identical 
with I. 


1 A. Hammond Drierite Co. 


Synthesis of 2-Methyl-2-hydroxy-tetrahydro- 
pyran (IV) (y-Aceto-n-butyl Alcohol). — Conipoun ' 
IV and its anhydro-derivative, 2-methyl-A“-diIiy(Irc 
pyran (anhydro-7-aceto-7i-butyl alcohol) were pre 
pared by the method of Lipp (19, 20), with modifica 
tions (6, 21). The synthesis involves the inonc 
condensation of 1,3-dibromopropane with the sc 
diura salt of etliylacetoacetate, followed by aci 
hydrolysis to IV. The anhydro- derivative 
formed by gradual heating of IV to a temperatui 
below its boiling point, at which point water is lo: 
from the molecule and the anhydro- product di 
tills, along with the water. 

Synthesis of 2-Methoxy-2-methyl-tetrahydr( 
pyran (III). — Compound III was synthesized 1 
mixing IV with 1% methanolic hydrochloric acii 
heating the mixture to 50° for one hour, and frai 
donating the mixture without neutralization. T1 
product distilled at 131-133°, which does not agn 
well with that reported to be at 116-117° (6). A 
identical product was obtained when the anhydrc 
derivative, 2-methyl-A®-dihydropyran, was allowc 
to react with methanol containing a trace of hydrc 
chloric acid, the reaction being more vigorous an 
highly exotliermic. 

Synthesis of 2-]yiethyl-2,3-dihydroxy-tetrahydr( 
pyran (V). — Compound V was prepared from 1 
methyl-A“-dihydropyran by hydroxyladon with a 
ethereal soludon of perbenzoic acid, saturated wit 
water, by the method of Bergmann and Miekele 
(5). The perbenzoic acid was prepared from ben 
zoyl peroxide and sodium methoxide in chloroform b; 
the method of Tiffeneau (22). The resulting com 
pound was a crystalline solid. 

Synthesis of 2-Methoxy-2-methyl-3-hydro^ 
tetrahydropyran (VI). — This synthesis was carrie 
out in a manner similar to that reported by Ber| 
mann and Miekeley (4, 5). Compound V, dissolve 
in 0.01 JV methanolic hydrochloric acid, was allowe 
to react for one hour at room temperature, afti 
ivhich the mixture was fractionated, yielding VI. 

Synthesis of 2,3-Dihydroxy-tetrahydropyra 
(VII). — Compound VII was synthesized by tl 
osmium tetroxide catalyzed hydroxylation of pur 
fied dihydropyran by the method of Hurd an 
Kelso (15). 

Synthesis of 2-Methoxy-3-hydroxy-tetrahydr( 
pyran (VIII). — Ten grams of VII was dissolved i 
50 ml. of 1% methanolic hydrochloric acid and tli 
resulting solution was allowed to stand at rooi 
temperature for one hour, after which it was heate 
to 50° for one hour. Fractionation of the resultin 
mixture yielded a liquid which boiled at 48-53 
It was clear, colorless, and very mobile in contra; 
to the syrupy VII. Compound VIII had a fain 
pleasant odor. 

Anal.— Calcd. for CeH.jOs: C, 54.5; H, 9.0! 
Found; C, 53.6; H, 9.08. 

Synthesis of 2-Chloro-tetrahydropyran (IX).- 
Dry hydrogen chloride gas was bubbled into 8.4 Gn 
(0.1 mole) of purified dihydropyran until 3.65 Gn 
(O.l mole) had been absorbed (23). External coo 
ing was applied during the addition of hydrogc 
chloride. The product was distilled several time; 
under reduced pressure, yielding IX. 

Synthesis of 2 -Chloro- 2 -methyl-tetrahydropyra 
(X). — Compound X was prepared in a inanne 
analogous to the synthesis of IX. Dry hydrogel 
chloride gas was bubbled through 9.8 Gra. (0.1 mole 
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Tabix I — Physical Properties and Synthesis References or the \'arious Compounds 


Coin 

Synthesis 

lioilinK Point,'* 



MD b . 

Absorption 

pound 

Reference 

Reported 

Found 

Reported 

Found 

Maximum, 

I 

(7, 11) 

125 (7) 

128(11) 

123-125 

1 4262 

1 4257 

270 

ii 

(18) 

54-55/3 mm 

54-56/3 mm 

1 4514' 

1 4461' 

Beyond 220 

III 

(4-6) 

76/100 mm (4, 5) 

78-80/100 mm 

1 4273 

1 4278 

Beyond 220 


116-117 (6) 

131-133 



IV 

(4-6, 19, 20) 

110-115/22 ram (6) 

109-115/20 

1 4438-' 

1 4422'* 

270 




mm. 




A' 

(4) 


f 



277 

VI 

(4) 

76-77/9-10 mm. 

78-79/12 mm 

1 4542'' 

1 4538'' 

Beyond 220 

ATI 

(15. 16) 

h 

k 


1 4809 

266 

ATII 


52-53/1-2 mm 


1 4533 

Beyond 220 

IX 

(23) 

42/11 mm 

49-50/20 mm 



Beyond 220 

X 



45-48/18 mm 



235 (water) 

Beyond 223 (cyclo- 







hexane) 

XI 

(7) 

106-110/12 mm 

45-50/1 mm 

1 46589* 

1 4638' 

270 (water) 


Beyond 223 (cyclo- 
hexane) 


a Corrected to atmospbenc pressure unless otherwise noted 6 Taken at 20° unless otherwise noted « Taken at 25° 
d Taken at 21° * MeltinR point, 73° / Melting point, 72-73° o Taken at 18° Heavy syrup, purified by distillation 

as the diacetate at 109-lll°/l-2 mm , then deacetylated » Taken at 17° 


of 2-methyl-A"-dihydropyran until 3 65 Gm (0 1 
mole) had been absorbed The product distilling at 
40-50° at 18 mm was collected and redistilled at 
45-48° at 18 mm 

Compounds IX and X were very unstable, even at 
0° Fuming, discoloration, and polymerization 
were noted after standing for a few days The 
rates of hydrolysis of these compounds were deter- 
mined immediately after distillation. The 2- 
bromo- derivative of 2-methj'l-tetrahj’-dropyran had 
been previously synthesized, but was too unstable 
to be isolated in pure form (10) 

Synthesis of 2'-Tetrahydropjaanyloxy-2-tetra- 
hydropyran (XI), — Compound XI was synthesized 
by mixing dihydropyran with II and catajyzing the 
reaction by the addition of hydrochloric acid, by the 
method of Paul (7) An identical product ivas 
obtained from a mixture of IX and II, or by de- 
hydration of II 

Aml—Calcd for CwHisOj. C. 64 5; H, 9 67. 
Found; C,641;H,964 

Spectrophotometric Analysis of Rates of Hy- 
drolysis. — All analyses were run in a Beckman 
model DU spectrophotometer, equipped with a 
Nylab voltage stabilizer connected with a 115 
voltage a -c power supply through a Sol constant 
voltage stabilizer The temperature within the cell 
compartment of the spectrophotometer was main- 
tained at 29-30° by water cooling of the lamp hous- 
ing All readings were made between 220 and 
340 mu, thus a hydrogen lamp was used as the light 
source throughout all of the experiments. 

The absorption maximum was determined for 
eiyih compound analyzed (see Table I) either in 
^ater, dilute acids, or an anhydrous solvent, such as 
'cyclohexane Acid concentrations were carefully 

\ standardized The more dilute acids w ere prepared 
by dilution of the more concentrated standard acids 
All water used was deionized, distilled, and freshly 
boiled The cyclohexane used was Spectre grade - 
Procedure. — ^After establishment of the absorp- 
tion maximum for each compound, the rates of 
bjdrolysis of the glycosides and chloro- compounds 

* Eastman Kodak Co. 


were determined in acids of various concentrations 
In following the rates of hydrolysis of the glycosides 
to their respective sugars plus methanol, i e , I — 
II + methanol. III — IV -b methanol, VI V + 
methanol, VIII — ► VII + methanol, XI — >■ 2II, 
and of the chloro- compounds to their respective 
sugars plus hydrochloric acid, i e , IX -► II -f 
hydrochloric acid, X IV -f hydrochloric acid, 
each compound being hydrolyzed was run against 
the solvent as the blank Simultaneously, equi- 
molar concentrations of the sugar plus methanol, 
where applicable, were run against the same solvent 
The rates at which the absorbances of the hydrolyz- 
ing solutions approached that of the sugar solutions 
were determined The rates of hydrolysis were 
determined either by comparison with absorbances 
of solutions of knowm composition, or by calcula- 
tion * For example, a mixture containing III, IV, 
and methanol, each in a 0 01 M concentration, 
corresponds to 50% hydrolysis of a 0 02 M solution 
of III Other points corresponding to 25. 75, and 
90% hydrolysis were similarly determined for each 
hydrolyzing compound, where possible Only the 
50% hydrolysis, corresponding to the half-lives of 
the compounds, are herein reported (see Table 11) 
Unless otherwise noted, 0 02 M concentrations of 
glycoside, sugar, and methanol W’ere employed 

The lijdrolysis of I to II was determined at 224 
ra^i This does not correspond to the maximum for 
either I or II However, it w'as found that an 
intermediate compound apparently forms during 
hydrolysis, which has its maximum at that point. 

The hydrolysis of III to lA' was determined at 
270 ra/i, the absorption maximum of IV The ab- 
sorption maximum of III was beyond 220 nm The 
hydrolysis of VI to V was determined at 277 mii, 
the absorption maximum of V. The maximum of 
VI was beyond the 220 ran range The hydrolysis 
of VIII to VII was determined at 266 m^i, the 
absorption maximum of VII in acids. 

The rate of hydrolysis of IX to II was determined 
at 235 mu, the absorption maximum of IX in water. 


* The author is indebted to Dr. Richard P. Smith ior 
assistance with some of the calculations. 
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Table II — Half Lives" of the ^ arious Glv cosides and Chloro Compounds in H\drochloric 4cid 
OF Various Concentrations and pH 7 Buffer Soiution 






Acid ConcentTTtion 



Corapounfl 

1 \ 

0 1 \ 

0 ni \ 

0 001 \ 

0 0001 \ 

0 00001 A 

pH7 Bufler 

I 

2 5 

100 

1 200 





III 




<0 2 

0 2 

8 

102 

Vl 


<0 25 

0 78 

6 

240 

2,400 


Mil 

i* hours 







IX 

Very rapid hj drolj sis 

m all aqueous solvents 




X 

\ erj rapid hydrolj sis 

in all aqueous solvents 




XI 

2 

60 







“ Figures indicate time in minutes 


In c>clohe\ane, the maximum was beyond 223 m;i 
The rate of hydrolj sis of X to IV was determined at 
270 m/i, the absorption maximum of IV m water 
Compound X exhibited a maximum beyond 223 m/i 
in cyclohexane 

The rate of hjdrolysis of XI to II was determined 
at 224 mti During the hydrolysis, the absorption 
maximum of XI shifted from 270 mp to that point 
A 0 01 j\I solution Mas used, with the expectation 
that after hjdrolysis the absorption would corre 
spond to that of a 0 02 M solution of II 

RESULTS 

The results of acid hydroljsis of the various 
glj cosides and the disaccharide (XI) are shown 
graphicallj in Figs 1-5 The half lives of the 
h} drolyzmg solutions are given numerically in 
Table II 

The results of the hydrolysis of IX indicated that 
It was almost immediately hydroljzed by water or 
acids However, the absorption maximum for this 
compound in water was noted to be 235 m/i, which 
does not correspond with the absorption of II, as 
would be expected It was sjnthesized in the 
belief that it might be the intermediate formed 
during the h> droU sis of I However, as the absorp 
tion does not correspond with that of the inter 
mediate (224 m;i) this appears doubtful No 
explanation is offered at this time for its behavior 
The absorption maximum for this compound in 
c\ clohexane is bej ond 223 m/i 

The h> drolj sis of X was measured at 270 m^, the 
absorption maximum of IV All measurements, in 
water or acids, indicated complete hj drolysis of com 
pound X within fifteen seconds, the time required to 


HYDROLYSIS OF (I) 10 (111 IN 02 m CONCENTRATION 



HYOHOLYSSOF (into IIVl IN 02 m CONCENTRAT ON 




make the first reading after dissolving the compound 
in the solvent Absorbance measurements agreed 
well with those of solutions of IV'^ m equimolar 
concentrations When examined m cyclohexane 
X exhibited an absorption maximum beyond 223 in;i 

DISCUSSION s. 

From Fig 1 it can be seen that during the h\ - 
drolysis of I an intermediate eompound of unknown 
identity, is formed A question maj arise as U* 
whether this intermediate is formed before, during 
or after hj drolj sis occurs Figure 5 indicates that 
it occurs dunng hj drolysis, as compound XI 
hj drolj zes to form an intermediate having an ah 
sorption maximum at the same wavelength It can 
also be seen from Fig 5 that from a 0 01 il/ solution 
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HYDROLYSIS OFlVlMl TO (Vlll IN 02 m CONCENTRATION 



HYDROLYSIS OF tXIl TO (111 



Fig 5. — Hjdrolysis of XI to II in 1 iV and 0 1 A'' 
HCl. 


of XI, eventually a 0 02 Jlf solution of II is formed 
However, during the hydrolysis, the absorption does 
not reach the point attained bj^ the hydrolysis of a 
0 02 M solution of I Apparently the intermediate 
forms from only one-half of the disaccharide XI 
It will also be noted that the methyl glycoside 1 
hydrolyzed at approximatel}' the same rate as did 
the disaccharide XI in acids of the same concentra- 
tion. 

From Fig 3 it can be seen that both VII and VIII 
are affected by 1 AT hydrochloric acid, the concentra- 
tion of acid required to effect hydrolysis of VIII 
The rates of hydrolysis of compounds III and VI 
were measured graphically by plotting against the 
transmittance of solutions of known concentrations 
containing the glycosides and their hydrolytic 
products, the sugars, and methanol 
From the results tabulated it can be seen that 
' there is a several thousandfold difference in the rates 
of hydrolysis of compounds I and III as a result of 
\ 2-methylation. A similar comparison between VI 
and VIII substantiates this observation. The 
differences attributable to 3-hydro\ylation may be 
seen by comparing the half-lives of compounds I and 
VIII, or of compounds III and VI. The data thus 
obtained are in agreement with previous reports 
(1-3, 24) relating to the increased rate of hydrolysis 
of glycosides due to 2-methylation, and the de- 


creased rate due to 3-hydro\ylation, the greater 
effect being attributable to 2-meth} lation 

The results of the hydrolysis of compound III, as 
shown in Fig 2 and in Table II, are in agreement 
with the data reported by Bergmann and Miekeley 
(4, 5), and disagree markedlj' with that reported by 
Linnell and Melhuish (6) 


SUMMARY 

I. 2-Methoxy-tetrahydropyran, 2-methoxy-2- 
methyl-tetrahydropjTan, 2-methoxy-3-hy(iroxy- 
tetrahydropyran, 2 - methoxy - 2 - methyl - 3- 
hydroxy-tetrahydropyran, 2-chloro-tetrahydro- 
pyran, 2-chloro-2-methyl-tetrahydropyTan, and 
2'-tetraliydropyranyloxy-2-tetrahydropyran were 
S3Fnthesized and subjected to acids of various con- 
centrations and their rates of hydrolysis deter- 
mined by following the changes in absorbance 

2 The free hemiacetals of each of the above 
compounds were synthesized Solutions of these 
compounds were examined spectrophotometri- 
cally, their absorbances being used as the basis 
for determining the end point of the hydrolysis 
of the above listed compounds 

3 Studies indicate that 2 methyl substitution 
in tetrahydropyran increases the rate of hy- 
drolysis of the methyl glycoside several thousand 
times 

4 Studies indicate that 3 -hydroxyl ation of the 
methyl glycosides of tetrahydropyran derivatives 
decreases the rate of hydrolysis in the range of 
200 to 1,200 times, depending somewhat on pH 
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Chromatographic Separation of the Phenolic 
Compounds of Cannabis sativa* 


By ROBERT S. DE ROPP 


A method is given for partially purifying the 
phenolic components of Cannabis saliva resin 
and for separating these components hy means 
of paper chromatography. The application 
of this method for the preparation of pure 
cannahinol and tetrahydrocannabinol is 
described. 

' b ^HE ACTIVE principle of the resin from Cannabis 
saliva, commonly known as red oil of hemp, 
resisted for many years the efforts of chemists to 
purify it and determine its structure. It was 
not until 1941 that Wollner, Matchett, Levine, 
and Loewe (1) described the isolation from Indian 
charas of tetrahydrocannabinol which was very 
potent physiologically, as manifested by its 
effect on dogs. This material, a colorless, vis- 
cous, optically active oil, was isolated as the 
acetate. 

Adams and co-workers had already, at this 
time, determined the structure of cannabinol 
(2), isolated cannabidiol (3) and isomerized it to 
two isomeric, physiologically active tetrahydro- 
cannabinols (4). Subsequently Adams and co- 
workers sjmthesized a series of analogs of tetra- 
hydrocannabinol. One of the compounds they 
made had a potency considerably greater than 
that of natural tetrahydrocannabinol. 

These compounds belong in a class by them- 
selves, being completely unlike any other agents 
affecting the central nervous system. Chemi- 
cally, they are all dibenzpyrans, their pharma- 
cological activity being affected by the nature of 
the substituents and the location of double bonds. 
Some, like the tetrahydrocannabinols, are viscous, 
colorless oils. Others, (cannabinol and canna- 
bidiol) can be crj’stallized. The chemical struc- 
tures of some of the naturally occuring and syn- 
thetic substances belonging to this group are 
shown below. 


ii(’0 


I Cannabinol 



• Received January 15. 1000, from the Biochemistry 
Department, Biochemical Research Action, Lederle Labora* 
tones A Division of American Cyanamid Co., Pearl River 
N. Y,* 


„(«) 

OH 


II Cannabidiol 



III Tetrahydrocannabinol 

Stereo and optical isomerism make possible the 
existence of several different tetrahydrocanna- 
binols. Of the sjmthetic compounds assayed by 
the dog ataxia test, potency was shown to be 
affected by the length of the side chain in position 
3, the substituent — CH(CH 3 )C 7 H )5 conferring a 
potency 32.6 times that of the CsHuCw) standard 
and about twice that of natural tetrahydro- 
cannabinol acetate (5). 

Despite the recent upsurge of interest in 
chemopsychiatric agents little work has been 
done on the mode of action of tetrahydrocanna- 
binol. It produces in man a variety of reactions 
ranging from euphoria to depression, but the 
extreme unpredictability of its action has dis- 
couraged its use though synthetic preparations ol 
the resin (Synhexyl or Pyrahexyl) have been 
available for several years. The pharmacology 
of these substances has been reviewed by Loewe 
( 0 ). 



EXPERIMENTAL 


Preparation of Phenolic Fraction. — Forty pounds 
of Me.\ican marihuana' was reduced to a coarse \ 
powder in a mill. The powdered material was 
processed in batches of about 6 Kg., each batch 
stirred with 6 L. of methanol, packed in a 12 X 
15.5-cm. column, and allowed to stand for twenty- 
four hours. The mass was percolated with methanol 
for a further twenty-four hours, 12 L. of percolate 


_* The author is indebted to Mr. H. J. Anslinger, Com’ 
missioner of Narcotics, and Dr. Nathan C. Eddy of the 
National Institutes of Health for making this material avail- 
able. 
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being recovered. The solvent was removed in 
vacua and the residue was suspended in 4 L. of water 
which was extracted three times with 800 ml, of 
petroleum ether. Solvent was removed from the 
petroleum ether fraetion which yielded 212.22 Gm. 
of solids, Tlie aqueous fraction was discarded. 

Solids from the petroleum ether fraction were dis- 
solved in fresh petroleum ether and passed through a 
90 X 600-ram. column of 1,720 Gm. Florisil (acti- 
vated magnesium silicate) 100-200 mesh. The 
column was eluted with a further 2 L. of petroleum 
ether. The first 600 ml. containing a colorless oil 
was rejected. The second fraction containing a red 
oil was collected and freed from solvent. The yield 
was 10.286 Gm. of red oil. This red oil fraction pro- 
duced ataxia in a dog at 25 mg,/Kg.* 

Colored impurities were removed from the red oil 
fraction by passing the material in petroleum ether 
through a second 40 X 600-mm. column packed with 
160 Gm, Florisil, eluting with 500 ml. petroleum 
ether which removed an inert oil, followed by 750 
ml. benzene which removed 1.123 Gm. of a mixture 
of phenolic compounds in the form of an almost 
colorless resin (referred to as the phenolic fraction). 
In other preparations of red oil, large amounts of 
inert oil from the hemp seeds first had to be removed 
by passing the material in chloroform through a 
column of alumina. The inert oil was eluted by 
chloroform; Ihe phenolic fraction was removed with 
methanol. 

Paper Chromatography of the Phenolic Fraction. — 
As the phenolic fraction was almost completely in- 
soluble in water, a nonaqueous solvent system had 
to be found capable of separating its components. 
The system, cyclohe.xane: N,N-dimethyIforraamide, 
10:1, gave satisfactory results. Sheets of Whatman 
Mo. 1 paper were first spotted with the material to 
be chromatographed. The sheets were then passed 
quickly through a bath containing the dimethyl- 
formamide phase of the above system until the line 
of solvent was about 1 cm. below the starting line. 
The sheets were then blotted, placed in the chroma- 
tography chamber, and left for one hour to come to 
equilibrium with the solvent vapors in the jar. 
The mobile phase (cyclohexane) was then added and 
the strips allowed to develop (descending) for eight 
hours. After drying, the sheets were examined in 
the light transmitted from a germicidal lamp passed 
through filter No. 9863 (Coming). Absortiing and 
fluorescent spots were marked. The sheets were 
then sprayed with freshly made diazotized sulfanilic 
acid, with which reagent the phenolic components 
of the material gave yelloxv or orange chromophorcs. 

Table I shows the results obtained by means of 
this type of chromatography. 

Eight spots developed on the strips after spraying 
with diazotized sulfanilic acid. Three of these 
(f?/ 0.22, 0.36, 0.55) absorbed in the U. V. sufficiently 
strongly to be visilile when the sheet was laid over a 
/u. t'. source. Both the color and the rate at which 
it developed with diazotized sulfanilic acid varied 
with different compounds. Crystalline cannabidiol 
produced a lemou-ycilow spot almost instantly 
''Which had an value of 0.12 and corresponded to 
spot No. 2 in the phenolic fraction. Cannabinol’ 


^ Ass.iys of activity were carried out by Dr. G Tonelli of 
tile Experimental Therapeutics Research Section. 

’ The cannahidiot was kindly supplied by Dr. J. H Clark 
and the cannabinol by Dr. Roger Adams. 


Table I. — Rf Values, U. V, Absorption, and 
Reactions to Diazotized Sulfanilic Acid (DSA) 
OF Components of the Phenolic Fraction of 
Cannabis saliva 


of 

Intensity of 

Color With 

Probable 

Spot 

U. V. Absorption 

DSA 

Identity 

0 07 

— 

Pale yellow 

> 

0 12 

— 

Pale }'ellow 

Cannabidiol 

0.22 

+ 

Brown 

? 

0,36 

++++ 

Orange 

Cannabinol 

0.41 

— 

Y ellow 

> 

0.55 

+++ 

Yellow 

Tetrahydro- 

cannabinol 

0.61 

— 

Yellow 

? 

0.73 

— 

Yellow 

? 

0.93 


Yellow 

? 


gave an orange spot which did not become visible 
until thirty minutes after spraying. It corresponded 
to spot No. 4 (Rf 0.36) in the phenolic fraction and 
was the spot which absorbed most strongly in the 
U. V. spot No. 5 in the phenolic fraction overlapped 
with No. 4 and gave a yellow color which developed 
more rapidly than did the orange spot of cannabinol. 
Spot No. d (Rf 0.55) corresponded to the pharma- 
cologically active fraction of this material. This 
was presumed to be tetrahydrocannabinol. Com- 
pound No. 7 gave a spot which partly overlapped 
with that of No 6. It was present in some, but not 
all, of the preparations of the phenolic fraction. 
Compounds Nos. 8 and 9 (R/ 0.73 and 0.93) gave 
faint lemon-yellow spots and no visible absorption 
in the U. V. 

Partition Chromatography on Celite of the 
Phenolic Fraction. — Celite 545 (diatomaceous earth) 
(150 Gm.) was thoroughly mixed with 75 ml, of the 
lower phase prepared bj' shaking together 1,500 ml. 
cyclohexane with 200 ml. of dimethylformamide. 
The Celite was packed in a column (37 X 580 mm.) 
the hold-back volume of which rvas 300 ml. The 
phenolic fraction, 1.448 Gm., was dissolved in the 
upper phase of the above solvent system and placed 
on the column. The upper (moving) phase of the 
solvent system was allowed to flow through the 
column at the rate of 2 ml. per minute. Cuts (25 
ml.) were collected and washed twice with 75 ml. of 
water to remove the dimethylformamide. Three- 
tenths milliliter from each cut was diluted with 2.7 
ml. of methanol and its absorption at 280 m^i was 
determined. 

The two main peaks were well separated; the 
first, eluted in the second hold-back volume con- 
tained compound No. 6 with traces of No. 4. The 
second main peak, eluted in the third and fourth 
hold-back volumes, contained almost pure com- 
pound No. 4. Cuts were pooled as shown in Table 
II and the solvents removed IM vacuo. The distri- 
bution of solids indicates that compound No. 6 (.? 
tetrahydrocannabinol) was present in more than 
double the concentration of compound No. 4 
(cannabinol) and constituted about 26% of the 
total solids in this preparation of the phenolic frac- 
tion. 

In this preparation the amount of inert oil was 
high (cuts 1-5 total solids 494 mg.). To reduce the 
amount of inert material, 1.094 Gm. of phenolic 
fraction was dissolved in 25 ml. of tlie upper (cyclo- 
hexane) phase of the solvent system and extracted 
twice with 25 ml. of the lower (dimethylformamide) 
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Table II. — Partitio.n of Phenolic Components 
OF Cannabis saliva on Celite by Means of Cyclo- 
hexane/Dimethylformamide'’ 


Cuts 

Solids, mg. 

of DSA Spot 

1-5 

494 

No color 

6-7 

23 

No color 

8-9 

12 

No color 

11-19 

382 

0.56 

23-32 

182 

0.37 

35-38 

Trace 

0.16 


« Cuts 25 ml., hold-back volume 300 ml., paper strips 
sprayed with diazotized sulfanilic acid (DSA). 


phase. The lower phase contained 840 mg. of the 
solids which, after passage through a partition 
column as described above, yielded 360 mg. of 
compound No. 6 (43%). Other batches of the 
phenolic fraction prepared in this way gave similar 
yields of compound No. 6. The cannabinol content 
of such fractions was approximately 10%. The 
amount of cannabidiol in these preparations was less 
than 1%. 

Compound No. 6 (? tetrahydrocannabinol) as 
obtained in this waj' was active by the ataxia test in 
dogs. It was a colorless resin which rapidly acquired 
a purple tinge on exposure to air, later becoming 
yellow, and finally dark brown. Prevention of 
these color changes proved extremely difficult and 
even samples sealed under nitrogen became altered 
in this manner to some extent. The material also 
frequently contained traces of dimethylformamide, 
enough to give as much as 1% nitrogen on analysis. 

Sublimation, Analysis, and Physical Character- 
istics of Active Fraction. — Further purification of the 
active fraction by sublimation at 97° at a pressure 
of <10“^ mm. Hg yielded a nitrogen-free product 
giving a single spot (i?/ 0.54) with the cyclohe.xane/ 
dimethylformamide system. This colorless resin 
was solid at room temperature, had a specific rota- 
tion of [«]“ ~ 161°, U. V. absorption min. 251, 
max. 275, 282 m/i (log e 3.26, 3.28) shifting in 0.1 
N sodium hj'droxide to min. 269, max. 292 mjx 
(log e 3.53) with a second peak at 325 m/i. 

Anal. — Calcd. for C21H30O2 (tetrahydrocanna- 
binol): C, 80.21; H, 9.62. Found: C, 79.13, 79.69; 
H. 9.89. 9.67. 

The discrepancy between the found values for 
carbon and those calculated for tctrahj'drocanna- 
binol is rather large. Data for the U. V. absorption 
agree closely with that obtained by Wollner, el al., 
for a preparation of tetrahydrocannabinol prepared 
from Indian charas via the acetate (peaks at 276 
log c = 3.42 and 280 log c = 3.43). 

Compound No. 4 crystallized on standing and 
proved, on comparison with a synthetic sample of 
cannabinol from Dr. Roger Adams, to have an al- 
most identical U. absorption spectrum. Natural 
cannabinol max. 283, min. 248 m^i (log e 4.22). 
Synthetic cannabinol max. 283, min. 248 mu (log 
e 4.25). This compound in 0.1 N sodium hydroxide 
(methanolic) gave double maxima and minima. 

Natural cannabinol max. 283, min. 263 m^ (log 
£ 4.04, 328, log £ 3.91, 310). Synthetic cannabinol 
max. 284, min. 263 mu (log t 4.05, 328, log e 3.92, 
310). The I. R. absorption spectra of natural 
tetrahydrocannabinol and cannabinol are shown 
in Fig. 1. 

The synthetic cannabinol from Dr. Adams, which 



Fig. 1. — Infrared absorption spectra of natural can- 
nabinol (above) and tetrahydrocannabinol (below). 


was the color and consistency of pitch when re- 
ceived after ten years’ storage, was purified by 
passage through a cyclohexane/dimethylformamide 
column and yielded five impurities of various shades 
of crimson, orange, and purple. About 88% of the 
sample was still cannabinol which indicates that this 
coumpound does not deteriorate as much as its 
change in color might suggest. 

SUMMARY 

1. The solids from a methanolic extract of the 
flowering tops of Cannabis saliva were adsorbed 
on Florisil and eluted with benzene to yield a red 
oil producing ataxia in dogs at 10 to 25 mg./Kg. 

2. Paper chromatography of the red oil using 
the system N,N-dimethylformamide and cyclo- 
hexane separated eight phenolic components giv- 
ing a yellow or orange color with diazotized sul- 
fanilic acid. 

3. By partition chromatography on Celite 
using the above system the active fraction (tetra- 
hydrocannabinol) was separated from the other 
components (cannabinol, cannabidiol). 

4. Further purification of the active fraction 
was achieved by high vacuum distillation. 

5. The unstable colorless resin produced in 
this way could not be crystallized. Analyses 
were in fair agreement with the theoretical re- 
quirements for tetrahydrocannabinol (C2iH3oO:)- 
The other components isolated from this sample 
of cannabis did not appear to have pharmacologi- 
cal activity. 
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Determination of Prednisolone in the Presence 
of Hydroxyzine and in Formulations 
Containing Analgesics* 

By J. D. DUERR and B. A. PAPPAS 

A colorimetric method for the determination of prednisolone in the presence of hy- 
droxyzine [l-(p-chlorobenzhydryl)-4-2-(2-hydroxyethoxy) ethyl piperazine], acet- 
ylsalicylic acid, caffeine, and acetophenetidin is proposed. Samples of tablet form- 
ulations containing prednisolone and the above mentioned compounds were assayed 
by the addition of sulfuric acid and ferric chloride to alcoholic solutions of the active 
ingredient and subsequent measurement of the absorbance of the resulting colored 

solutions. 


'he manufacture of formulations containing 
prednisolone combined witli tranquillizers or 
analgesics has been rapidly increasing. Predni- 
solone, when present alone in a product, is quite 
simple to determine. The addition of other com- 
pounds, however, increases the difficulty of 
quantitatively determining prednisolone using 
the existing assay procedures. Three methods 
in general use are: ultraviolet absorption (1); 
colorimetry, using triphenyl tetrazolium chloride 
in an alkaline, alcoholic medium (2) ; and color- 
imetry, by the addition of concentrated sulfuric 
acid to dry prednisolone powder (3). 

In the presence of hydroxyzine or the anal- 
gesics, simple ultraviolet absorbance measure- 
ments cannot be made without recourse to com- 
plicated extraction procedures. The color 
formed with triphenyltetrazolium chloride is 
destroyed by hydroxyzine or acetylsalicylic 
acid. Extracting the active ingredients, evapo- 
rating the solvent, and adding concentrated sul- 
furic acid to the residue gives erratic and incon- 
sistent results. The proposed method eliminates 
complicated extractions and produces a stable 
color. 

EXPERIMENTAL 

Reagents. — The following reagents were used 
throughout the assay procedure: (a) 3 A alcohol 
(SDA 3A alcohol which is composed of 100 gallons 
ol 190-proof ethyl alcohol + 5 gallons of methyl 
alcohol); (5) 10% w/v aqueous ferric chloride solu- 
tion; (c) concentrated sulfuric acid (reagent grade); 
and (d) a solution of concentrated sulfuric acid -f- 
alcohol (2:1). 

Absorption Maximum. — A sample of standard 
prednisolone (100% purity by chromatography) 
was dissolved in 3A alcohol to give a concentration 
of 0.2 ing./ml. A 3-nil. aliquot containing 0.0 mg. of 
prednisolone was transferred to a 25-ml. glass- 
stoppered volumetric flask. Because of the heat 
evolved when the sulfuric acid was added to the 


* Received January 13, 1060, from Chas Pfizer & Co., 
'ac., Process Development Laboratory, Pharmaceutical 
Production and Packaging Dept., Brooklyn, N. Y. 


alcoholic solution of the active materials, the size 
and shape of the container was critical. It was 
necessary to use 25-ml. volumetric flasks to obtain 
reproducible results when following this assay 
procedure. The aliquot was diluted to 5 ml. with 
3A alcohol. Five milliliters of 3A alcohol was 
transferred to a 25-ml. volumetric flask for the 
blank. Five milliliters of concentrated sulfuric 
acid was then added to the active aliquot and the 
blank while the flasks were being swirled to avoid 
spattering. The flasks were then stoppered and 
inverted but not shaken. They were then allowed 
to stand right-side-up at room temperature for 
e.xactly five minutes. Ferric chloride hexahydrate 
aqueous solution, 0.02 ml. of 10% w/v, was then 
added. The flasks were stoppered tightly and 
inverted a few times. They were then placed in a 
water bath at 20° for five minutes. At the end of 
this time, 5 ml. of 3A alcohol was added. The flasks 
were then shaken and allowed to stand in the 20° 
water bath for five minutes. The absorbance was 
read against the prepared reagent blank on a Cary 
recording spectrophotometer model 11. The 
absorption maximum was found to be at 525 mji. 

Conformity to Beer’s Law. — Aliquots containing 
0.2, 0.4, 0.6, 0.8 and 1.0 rag. of prednisolone were 
transferred to glass-stoppered 25-ml. volumetric 
flasks from the standard solution prepared for the 
determination of the absorption maximum. The 
aliquots were diluted to 5 ml. with 3A alcohol, and 
5 ml. of 3A alcohol was used as the blank. The 
assay procedure used in determining the absorp- 
tion maximum was followed. The absorbances of 
the active aliquots were read against the prepared 
reagent blank on a model B Beckman spectropho- 
tometer. The absorbances obtained were plotted 
against their respective concentration per aliquot, 
and the straight line proved conformity to Beer’s 
law. The assay results appearing in Tables I to 
III were calculated by running a reference standard 
at the time of assay. 

Assay of Laboratory Mixtures Containing Known 
Amounts of Prednisolone. — Mixtures containing 
30-60 mg. of prednisolone, 250 mg. h}'dro.\-yzine 
hydrochloride, 5 Gm. acetylsalicylic acid, 2.5 Gm. 
acetophenetidin, and 750 mg. of caffeine were 
transferred to 250-ml. volumetric flasks. 3A 
Alcohol was added about three-fourths to mark and 
the mixtures shaken for fifteen minutes. The 
flasks were then diluted to volume with 3A alcohol. 
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The solutions were filtered tlirough Whatman 
No. 2 filter paper and aliquots containing 0.3, 0.4, 
and 0.5 mg. were transferred to 25-ml. glass-stop- 
pered volumetric flasks. The assa}' procedure used 
in the determination of the absorption maximum 
was followed. The recovery figures of prednisolone 
from the synthetic mixtures were calculated from a 
reference solution of prednisolone standard in 3A 
alcohol and appear in Table I. 

Table I. — ^Recovery of Prednisolone from 
Laboratory Mixtures Containing Known 
Amounts of Prednisolone, Acetylsalicylic 
Acid, Acetophenetidin, and Caffeine 


Laboratory 

Blend 

Prednisolone 

Theoretical 

Content, 

Assay, 

Recovery, 

No. 

Gm. 

Gm. 

% 

1 

0.0403 

0.0398 

98.7 

2 

0.0504 

0.0500 

99.2 

3 

0.0302 

0.0303 

100.3 

4 

0.0500 

0.0501 

100.2 

5 

0.0600 

0.0601 

100.1 

6 

0.0251 

0.0254 

101.1 

7 

0.0354 

0.0354 

100.0 


Assay of Prednisolone Tablets. — A knou-n quan- 
tity of tablets were weighed to determine the average 
weight of one tablet. They were then ground to a 
fine powder. A sample of the powder was shaken 
with 3A alcohol for fifteen minutes and then diluted 
to contain 0.2 mg. ml. of prednisolone. Aliquots 
containing approximately 0.2, 0.4, 0.6, and 0.8 
mg. of prednisolone were transferred to glass- 
stoppered 25-ml. volumetric flasks. The aliquots 
were diluted to 5 ml. with 3A alcohol, and 5 ml. of 
3A alcohol was used for the blank. The assaj’ 
procedure used in determining the absorption 
maximum was then followed. The results of the 
assays are shou i in Table 11. 

Table II. — Assay of Prednisolone Tablets 


Sample 

Label, 

Assay, 

No. 

mg./Tablet 

mg./Tablet 

1 

0.50 

0.491 

2 

0.50 

0.501 

3 

0.50 

0.502 

4 

0.50 

0.504 

5 

0.50 

0.499 

6 

0.50 

0.498 

7 

0.50 

0.502 


Assay of Prednisolone in the Presence of Hy- 
droxj'zine. — ^A quantity of tablets containing pred- 
nisolone and the tranquillizer hydroxyzine were 
weighed to determine the average weight of one 
tablet. They were then ground to a fine powder. 
A sample of the powder containing approximateh’- 
50 mg. of prednisolone was transferred to a 250-ral. 
volumetric flask. 3.4. alcohol was added half way 
to mark and the mixture was shaken for fifteen to 
twenty minutes. The flask was then brought 
to mark with 3A alcohol. .After filtering through 
paper, the same procedure was followed as in the 
assay for prednisolone tablets. The results of the 
assays are shown in Table III. 


Table III. — Determination of Pred.nisoloxe i 
Tablets Containing the APC Formula or 
Hydroxyzine 



Lot No. 

Label, 

mg./Tablet 

Assay, 

mg./Tablct 

Prednisolone -j- 

1 

1.00 

1.00 

Hj'droxyzine 

2 

1.00 

1.00 


3 

1.00 

1.10 


4 

2.50 

2.70 


5 

2.50 

2.60 


6 

5.00 

5.10 


7 

5.00 

5. os 


8 

5.00 

5.10 


9 

5.00 

4.98 


10 

5.00 

4.90 


11 

5.00 

5.00 


12 

5.00 

5.00 


13 

5.00 

5.10 

Prednisolone -f 

1 

0.50 

0.49 

APC 

2 

0.50 

0.51 


3 

0.50 

0.50 


4 

0.50 

0.60 


5 

0.50 

0.51 


6 

0.50 

0.51 


Assay of Prednisolone in Prednisolone APC 
Tablets. — A quantity of tablets containing predni- 
solone, aspirin, acetophenetidin, and caffeine were 
weighed to determine the average weight of one 
tablet. The same procedure was then followed as 
in the assay of prednisolone tablets. The results of 
the assays appear in Table III. 

ALTERNATE METHOD 

Although the procedures discussed give highly 
satisfactory results, an alternate method 'vas 
devised in the event the assayist preferred to dilute 
the reaction mixture to a known volume. Aliquo^ 
containing 400 to 1,000 meg. were transferred to 25- 
ml. volumetric flasks or graduated glass-stoppered 
tubes. The aliquots were diluted to 5 ml. with 
SDA 3A alcohol. Five milliliters of SDA 3A alcohol 
w'as used for a blank. Five milliliters of concen- 
trated sulfuric acid was then added to the active 
aliquots and the blank while the containers were 
being swirled to avoid spattering. The containers 
were then stoppered and inverted but not shaken. 
They were then allowed to stand for exactly five 
minutes. Ferric chloride he.xahydrate aqueous 
solution, 0.2 ml. of 10% w/v, w'as then added. 
The containers were stoppered tightly and inverted a 
few times. They were then placed in a water bath 
at 20° for five minutes. At the end of this time 
the solutions were diluted to 25 ml. with a mi.xturc 
containing 10 ml. of concentrated sulfuric acid 
plus 5 ml. of SDA 3A alcohol. The containers 
were then shaken and allowed to stand in a water 
bath at 20° for five minutes. The absorbance 
was then read against the prepared reagent blankv 
on a Carj^ recording spectrophotometer model IT 
The absorption maximum was found to be at 52 .t 
m^i. The assay results appearing in Tables I'",. 
A'l were calculated by running a reference standard 
at the time of assay. 

Assay of Laboratory Mixtures Containing Known 
Amounts of Prednisolone.^ — Mixtures containing 
30-50 mg. of prednisolone, hydroxyzine h}'drochlor- 
ide, acetylsalicylic acid, acetophenetidin, and caf- 
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Table IV. — ^Recovery of Prednisolone prom 
Laboratory Mktures Containing Hydroxyzine, 
Caffeine, Acetylsalicylic Acid, and Aceto- 

FHENBTIDIN USING ALTERNATE METHOD 


Laboratory 

Blend 

Prednisolone 

Theoretical 

Content, 

Assay, 

Recovery, 

No. 

mg. 

mg. 

% 

1 

25.2 

26.0 

103.2 

2 

50.0 

51.6 

103.0 

3 

50.3 

50.0 

99.0 

4 

46.0 

45.8 

99.6 

5 

35.0 

35.1 

100.3 

6 

61.0 

61.2 

100.3 


Table V.- 

—Assay of Prednisolone Tablets 

Sample 

Label, 

Assay, 

No. 

mg./Tablet 

mg./Tablet 

1 

5.0 

4.9 

2 

5.0 

5.1 

3 

5.0 

4.9 


Table VI. — DETERiiiNATioN of Prednisolone in 
Tablets Containing the APC Formula or 
Hydroxyzine 

Sample 

Label, 

Assay, 

No. 

mg./Tablet 

mg./Tablet 

Prednisolone 



+ hydroxj’'zine 1 

1.0 

1.1 

2 

2.5 

2.5 

3 

2.5 

2.6 

4 

5.0 

5.2 

5 

5.0 

5.2 

Prednisolone 1 

0.5 

0.53 

-t- APC 2 

0.5 

0.49 

3 

0.5 

0.50 


feme were transferred to 250-ml. volumetric flasks 
and dissolved with SDA 3A alcohol. The flasks 
were then diluted to mark with SDA 3A alcohol. 
The solutions were then assayed using the alternate 
method; the recovery figures of prednisolone appear 
in Table IV. 

Assay of Tablets Containing Prednisolone. — The 
tablets were prepared as in the first method and 
then assayed as outlined in the alternate method. 
The results appear in Table V. 

Assay of Prednisolone in the Presence of Hy- 
droxyzine. — The tablets were prepared as in the 
first method and assayed as outlined in the alter- 
nate method. The results appear in Table VI. 


Assay of Prednisolone in Presence of the APC 
Formula. — The tablets were prepared as in the first 
method and then assaj'ed as outlined in the alternate 
method. The results appear in Table VI. 

DISCUSSION 

Since it seemed obvious that steroids other 
than prednisolone (Al,4-pregnadiene-llj3, 17a, 21- 
triol-3,20-dione) would interfere with this assay, the 
color and absorption maxima of several commonly- 
used steroids were obtained using the procedure 
described above. Estrone (l,3,5-estratriene-3-ol- 
17-one) gave a pinkish-red color with an absorption 
maximum at 523 mp, estradiol (l,3,5-estratriene-3, 
17/3-diol) a pink-red color with a maximum at 533 
mp, testosterone (A4-androstene-17-ol-3-one) a 
green color with a maximum at 468 mp. It is 
interesting to note that prednisone (dl,4-pregnadi- 
ene-17a,21-diol-3,ll,20-trione), which is different 
from prednisolone only in having a keto group at 
position 11, does not produce a color and shows no 
definite absorption maximum between 400 and 700 
mp when tested at concentrations up to 0.5 mg. per 
aliquot. 

SUMMARY 

1. Prednisolone concentration can be accu- 
rately determined by forming a chromagen in 
alcoholic solution -with concentrated sulfuric acid 
and aqueous ferric chloride with subsequent 
measurement of the absorbance on a suitable 
spectrophotometer. 

2. The methods are also applicable to formu- 
lations containing hydroxyzine, acetylsalicylic 
acid, acetophenetidin, and caffeine. 

3. The substances mentioned above which do 
interfere with other assay procedures do not have 
to be separated from the prednisolone prior to 
assaying.’ 
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Metabolism of Dextrosulphenidol in 
Several Animal Species* 

By EVAN W. McCHESNEY, RAYMOND F. KOSS, JAMES M. SHEKOSKY, and 

WILLIAM H. DEITZ 


The in vivo metabolism of dextrosulphenidol 
has been studied using various test organisms. 
Differences are noted and comparisons are 
made as to the effect of biological variation on 
the absorption, distribution, and excretion of 
the drug. 

Tnvestigation of the metabolism of dextro- 
-®-sulphenidoT (DES) has thus far been limited 
by the lack of adequate chemical assay methods, 
the data which are presently available having 
been obtained by microbiological assay (tube 
dilution techniques). Using these methods, 
Shaffer, el al. (1), have shown DES to be well 
absorbed by chicks when administered orally; 
nevertheless, concentrations which were inhibi- 
tory to the test organism remained in the intes- 
tinal tract for several hours after a dose of 
100 mg,/Kg. With doses of 400 mg./Kg., 
serum levels of 31-62 meg. /ml. were maintained 
for as long as three to six hours, and levels of 
4-8 mcg./ml. were detected as late as twelve 
hours postmedication. Drug levels in the bile 
were higher and more prolonged than those in 
the plasma. Using similar methods, one of us 
(W. H. D.) has studied the absorption of DES in 
dogs and man (2). Single doses of 75 and 150 
mg./Kg. have been given to mongrel dogs; 
the former dose produced peak serum levels of 
50 mcg./ml. at two and four hours, and by 
twelve hours postmedication this level had fallen 
to 3 mcg./ml. The latter dose gave a four-hour 
level of 100 mcg./ml. and a twelve-hour level of 
7 mcg./ml. Dogs also received and tolerated 
well doses of 20, 40, or 80 mg./Kg. twice daily 
for twenty-one days. The initial doses resulted 
in two-hour serum levels of 6, 10, and 22 mcg./ml., 
respectively. In man, the administration of a 
single dose of 1 Gm. of DES resulted in a serum 
level of 6 mcg./ml. at one and one-half hours. It 
was observed in three subjects that man excretes 
about 70 per cent of an oral dose of 500 mg., in 
biologically active form, within twenty-two hours. 

The development of a chemical procedure for 
the determination of DES (3) has made possible 


♦Received Marcli 1, lUfiO. fr»»ni tlie Sterling- Winthrop 
Research Institute. Rensselaer, N”. V. 

1 In the earlier literature, dextrosulphenidol. or Di/-thrco-2- 
dichloracetamido - 1 - (4 - methylsulfonylphenyl) - 1.3 - pro- 
panediol, was referred to as Thiocymetin, This trade name 
is now reserved for the d/-form (raceophenidol). 


a more detailed study of its metabolism. This 
procedure consists essentially of ethyl acetate 
extraction, alkaline hydrolysis, oxidation witli 
periodate at pH 7.5, and final estimation of p- 
methylsulfonylbenzaldehyde as an alkali salt of 
its ^-nitrophenylhydrazone. Data on the ab- 
sorption, tissue distribution, and excretion of 
DES in rat, dog, cat, rabbit, and man arc pre- 
sented in this paper. 

EXPERIMENTAL 

Albino rats weighing 170-230 Gm. were faslcil 
for at least eight (but not more than fifteen) lioiirs 
prior to medication and during the entire metabolic 
period, but they had access to water at all times. 
After medication they were placed in metabolism 
cages, for the quantitative collection of the e,\'creta. 
Generally speaking, no feces were eliminated in the 
brief period studied, and the urine volume was 
rather low. At various intervals postmedication the 
animals were sacrificed by decapitation, and repre- 
sentative tissues were removed for analysis. These 
included heart, lung, liver, kidney, spleen, and 
muscle; blood plasma was also obtained at this 
time. The urine was analyzed for both free and 
total DES as previously described (3); the stomach 
plus content, and the intestines plus content were 
anab'zed separately. 

Both oral and intravenous administration were 
studied in the rat. To improve solubilitj', the 
compound was dissolved in 50% propylene glycol; 
the dose of DES was 50 mg./Kg, and the dose of 
glycol was 2,500 mg./Kg. The results of these 
experiments are presented in Table I. 

Similar data on the metabolism of DES in other 
animal species were obtained in one dog, one cat, 
and two rabbits. In order to obtain strictly compar- 
able data on the several species, all of the animals 
were fasted for eight hours prior to medication, and 
during the sixteen-hour metabolic period but, 
again, they had access to water at all times. Tim 
oral medications (50 mg./Kg.) rvere given in 50% 
propjdene glycol, the total dose of the glycol again 
being 2,500 mg./Kg. Since these are the same 
experimental conditions as were used for one of the 
groups of orally medicated rats, the data on the indi- 
vidual animals of this specific group are also given 
for comparative purposes. These data are pre- 
sented in Table IT. 

One laboratory volunteer took a single 500-ing/ 
dose (two tablets) of DES and collected urine under 
toluene for six periods comprising the next forte- 
eight hours. These samples were analyzed lioth 
chemically and microbiologically (using P. septuo 
as the test organism), with the results presented m 
Table III. 
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Table II — Comparative Metabolism of Dextrosulphenidol in Several Animal Species'' '• 


Material 




Species — 



^ 

Analyzed 

Rat 

Rat 

Rat 

Dog 

Cat 

Rabbit 

Rabbit 

Heart 

0 

0 

1 5 

2 1 

4 9 

0 2 

1 4 

Lung 

0 8 

1 6 

2 4 

0.4 

5.8 

0.2 

0 3 

Spleen 

5 9 

1 5 

50 0 

0 8 

4.8 

0 6 

2 0 

Kidney 

14 5 

5 9 

14 8 

2 7 

9 4 

4 0 

2 0 

Liver 

2 9 

5 1 

6 8 

0.8 

9 7 

0 4 

2 4 

Muscle 

0 4 

1 1 

1 1 

1 3 

3 1 

0 3 

0 7 

Brain 

C 



0 7 

2 9 

1 2 

1 2 

Pancreas 




1 0 




Fat 




0 


1 0 

6'g 

Bile 




30 

16 

74 

52 

Plasma 

0 6 

0 7 

0 6 

0 7 

4 9 

0.5 

0.5 


Dextrosulphenidol Present, mg 




Stomach 

0 003 

0 06 

0 08 

0 03 

0 06 

0 54 

0 41 

Small intestine 




0 12 


0.93 

0 48 

Cecum-colon 

1 57 

1 68 

0 94 

2 78 

16.0 

6 45 

7 50 

Urine 








Free DES 

4 30 

4 08 

4 70 

200 0 

52 5 

43 5 

44 4 

Total DES 

4 58 

3 96 

4 60 

235 0 

52 3 

43 8 

42 5 

Feces 

0 

0 

0 

10 8 

0 

0 

0 

Dose, mg 

7 9 

8 5 

7 6 

350 0 

107 0 

137 5 

133 0 

Dose m urine, % 

54 8 

47 1 

61 2 

67 3 

49 0 

31 9 

31 9 


a All observations made sixteen hours after a single oral dose of 50 mg /Kg 
b Values recorded as meg /Gm. 

« Indicates material not analyzed 


Table III — Excretion and Metabolism of Dextrosulphenidol in Man Following a Single Oral 

500-mg Dose 


Interval 

Volume 

Free 

—Chemical Assay 

Mg 

Total Excreted 

Mg 

Microbiolo 

gical Assay* 
Mg 

Excreted 

of Unne 

Output, 

DES. 

DES.a 

in 

Excreted 


m 

Collection, hr 

ml 

meg /ml 

meg /ml 

interval b 

per hr 

Meg /ml 

Interval 

0-4 

126 

742 

732 

92 5 

23 

800 

101 

4-8 

106 

1,130 

1,130 

120 0 

30 

1200 

127 

8-12 

156 

410 

420 

64 7 

16 

400 

62 

12-24 

343 

184 

175 

61 7 

5 

200 

69 

24-32 

230 

101 

110 

25 2 

3 

100 

23 

32-48 

740 

11 

13 

8 9 

0 6 

20 

15 

Totals 

Means 

1,701 

222 

221 

373 

7 8 

234 

397 


Analjsis in\ohed preliminary drastic alkaline hydrolysis 
b Based on mean of free and total DES \alues 

c Determined by senal dilution techniques, using P septtea as the test organism 


DISCUSSION 

DES demonstrates in all of the animal species 
studied the typical metabolic pattern of a com- 
pound which is well absorbed, circulates freely in 
the extracellular fluids, and is excreted in both 
unne and bile It has no outstanding tissue pre- 
dilection except possibly for the spleen, and this 
exception has been observed in only one of the 
species (the rat) General comments on the results 
on the indii idual species studied follow 

The Rat — A.t the early intervals, the concentra- 
tions of DES in heart, lung, and muscle are es- 
sentiallv the same as those existing concurrently in 
the plasma The concentrations in the kidney and 
liver are definitciv higher than those existing con- 
comitantU in the plasma, as would be expected for 
the organs which are directly involved in the 
excretory processes The tissue/plasma concen- 
tration ratios in the spleen are very erratic, x-arying 
from 2 to SO, e\en in two animals from the same 
group (the sixteen-hour, oral). A relatively high 


splenic concentration is also characteristic o 
chloramphenicol metabolism (4) The biologica 
half-life of DES in the rat, as estimated from tli' 
decreases in tissue and plasma levels with time, t 
about five hours; the similarly estimated value fo 
chloramphenicol is one and one-half to three hour; 
(5) 

It is evident from the data that the rat excrete 
DES in the urine entirely in unchanged form, sinci 
in no group of animals is there a significant difl^erenci 
between free and total DES This eliminates tht 
possibility that the rat excretes, via the urine, an; 
measurable amount of DES as a glucuronide or a 
the free base * Both of these derivatives hav 
been detected in the urine following the administra 
tion of chloramphenicol (0). The urinary txcre^floi 
of DES increases with time, to a maximum of 57,1 
of the dose, in tw enty-four hours It is of interest ti 
note, however, that the sums of the amounts preseni 
in the urine and the digestive tract remain near!' 

* That IS Dd threo l-(4 methyIsuIfonylphcn>l) 1,3 pw 
pancdifi] 
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cmistiint during Uie Uveuly-four-liour iieriod, all of 
tliese sums being between 59 and 70% of Ibc dose. 
While the animal is effeeting tliis transfer of DBS 
^om intestine to urine, the amounts in the tissues 
/decrease steadilj% front S.S% of tlie dose at two 
hours, to 0.5% at twenty-four hours. A consider- 
able part of the dose (about 30%) is not accounted 
for and must be present in the tissues or the digestive 
tract in a form which is not extractable and, there- 
fore, not determinable by the analytical method 
used. Extensive metabolic degradation is clearly 
ruled out as a possibility. 

The results on the intravenously medicated 
animals demonstrate that excretion into the intes- 
tine definitely occurs. Residues in the intestine 
of the orally medicated animals, therefore, 
do not represent, exclusively, unabsorbed material. 
Tissue levels in the i. v. animals, sixteen hours 
after medication, are as low as those observed in 
the twenty-four-hour orally medicated animals, 
indicating a more rapid physiological disposition 
of the compound when it is administered parenter- 
ally. The higher level of urinary excretion in the 
intravenously medicated animals, as compared to 
the orally medicated animals sacrificed at the same 
time interval, points to the same conclusions 

Some possibilities for the fate of the unaccounted- 
for remainder (about 30%) of the orally or intra- 
venously administered DES are as follows: (o) 
It may be e.xcreted in the urine, but at a later time. 
This seems improbable in view of the fact that 
only 0.5% of the dose is found in the tissues analyzed 
at twenty-four hours postmedication; nevertheless, 
•the point was studied by administering 50 mg. /Kg. 
of DES orally in 50% propylene glycol to three 
pairs of rats (200-250 Gm. each) and collecting 
excreta for forty-eight hours thereafter. These 
rats had been fasted for fifteen hours prior to 
medication, but food was provided during the 
experimental period. The results of this experi- 
ment are presented in Table IV, and they demon- 
strate that delayed urinary excretion does not 
account for a very large proportion of the dose. 
However, it is also clear that the results in Table IV 
are not entirely comparable to those presented 
in Table I. The presence of food in the intestine at 
any time evidently alters the absorption and 
excretion of DES very materially, probably by 
stimulating the flow of bile. The result is that 
much more of the drug is excreted in the feces and 
much less in the urine of the fed animals than is the 
case when the animals receive no food whatsoever, 
after eight hours premedication. 


Table IV. — ^Urinary and Fecal E.xcretion of 
Dextrosulphenidol in the Rat Following an 




Oral Dose of 50 mg./Kg.“ 


\ 


In Urine, 
Total DES 


Group S 

0-24 

hr. 

24-48 

hr. 

A 

38.7 

5.7 

B 

31.9 

4.6 

C 

41.1 

4.6 

Mean 

37.2 

5.0 


In Feces 
D-48 hr. 


Free 

Total 

Total 

Re- 

DES 

DES 

covered 

37.8 

54.4 

98.8 

36.6 

49.5 

86.0 

29.8 

40.0 

85.7 

34.7 

48.0 

90.2 


* All values in the table are given as % o[ dose. & Two 
rats per group. 


(6) It may be excreted in the bile as a glucuronide, 
a form which would not be extensively recycled 
and which would not be determined under the condi- 
tions used for DES analysis (3). This type of 
e.xcretion has been demonstrated for chloram- 
phenicol (7), but there is no entirely unambiguous 
procedure by which its occurrence can be dem- 
onstrated for DES, since no sample of its glucuronide 
is available for chemical or biological study. The 
point has been studied in the following way, how- 
ever, based on the assumed properties of such a 
glucuronide; 

Finely powdered rat feces (obtained from the 
animals of Table IV) were suspended in 100 parts of 
methanol, the suspension was adjusted to pH 3.5 
with hydrochloric acid, digested on tlie steam bath 
for fifteen minutes, and filtered, Tivo aliquot 
portions of this extract were evaporated separately 
to dryness and were analyzed for free and total DES 
in a manner analogous to that used for urine (3); 
one of the residues was partitioned between ethyl 
acetate and phosphate buffer of pH 6.2, and the 
amount of DES in the ethyl acetate was deter- 
mined; the other residue was subjected to a direct 
alkaline hydrolysis, followed by a determination of 
the free DES base^ in the hydrolysate. 

In all of the extracts so studied the "total” DES 
exceeded the "free” (i. e., chemically unaltered) 
by 25-35%. When the values for total fecal DES 
are calculated on this basis (Table IV, column 4) 
it is found that the total recovery becomes 85-99% 
of the amount administered. Since the procedure 
used to extract the supposed DES glucuronide from 
the feces is incapable of direct experimental veri- 
fication, it cannot be assumed that such a procedure 
would necessarily extract the supposed glucuronide 
quantitatively and it is not necessary, therefore, to 
assume the existence of still another metabolic 
product to account for the remainder of the dose 
(in groups B and C Table IV). 

(c) It may be converted to the free base by loss of 
Uie dichloroacetyl group (6) and the base may be 
further degraded by oxidative processes. This 
point was studied by administering the base® intra- 
venously (35 mg. /Kg.) to two groups of three rats 
each. Excreta were collected as described above 
and the base was determined in the mine as 
for total DES (3), except that the alkaline 
hydrolysis was omitted. The finely ground feces 
were extracted with methanol, followed by alkaline 
hydrolysis of the residue so extracted. The results 
are presented in Table V: they demonstrate that 
no substantial oxidation of the propanediol side 
chain occurs, and that the excretion of the base is 
!argel 3 ' renal. 

The results described in sections (a) and (c) 
of this discussion may be interpreted to mean that 
either DES base or DES glucuronide is excreted in 
the bile and feces of rats. Of these possibilities, 
the latter is much more likelj', in view of the data of 
Table V. The data of Table I fit readity into a 
logical scheme if it is assumed that about 65% of the 
administered DES is eventually e.xcreted in the 
urine of (fasting) rats, and 35% is excreted in the 
bile as a glucuronide. The latter would not be 


* Kindly supplied by Mr. S Schalit of this Institute. The 
product used was the crj'stalline dl-iorm, m. p. 123-127®. 9r 
N « 5.82. 
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Table V. — Urinary and Fecal Excretion" of 
Dextrosulphenidol Base'' in the Rat Following 
AN Intravenous Dose of 35 mg. /Kg. 



In Urine ^ 


Total 


D-24 

24-48 

In Feces. 

Re- 

Group « 

far. 

hr. 

0~48 hr. 

covered 

A 

80.0 

7.5 

5.7 

93.2 

B 

72.0 

6.7 

5.8 

84.5 

o All values 

in the 

table are 

as % of dose. 

See text 


footnote 3. e Three rats per group 

determinable in feces or intestinal content, except 
as described in (6). 

The Cal . — So far as it is justifiable to draw conclu- 
sions from one animal, it may be said that the 
metabolism of DES in the cat differs significantly 
from that in the dog, rat, and rabbit. For example, 
the tissue levels in the cat sixteen hours postmedica- 
tion are higher than those in any of the other 
species studied. However, the plasma level is 
correspondingly high, with the result that the tissue/ 
plasma ratios remain nearly 1/1, except for the two 
organs directly involved in the excretory processes. 
It is of interest to note that the ratio of biliarj' to 
plasma concentration in the cat is only 3/1, as 
compared to 100/1 for the rabbit and 40/1 for the 
dog. The relatively low level of biliarj' excretion 
in the cat may correlate with the high tissue levels 
in this species, since its sixteen-hour urinary excre- 
tion is at least average for the animals studied. 

The Dog . — Only in the dog is there a definite 
difference between free and total urinary DES. 
The sixteen-hour renal excretion is the highest of 
any of the species studied, and the amount remain- 
ing in the intestine of the dog is correspondingly 
low. The tissue levels in the dog are comparable to 
those of the twenty-four-hour rats (Table I, column 
6) and of the sixteen-hour rabbits. The only DES 
found in the feces of the dog, however, is in an 
(analytically) unchanged form. 

The Rabbit — The results on this species differ 
most noticeably in the presence of considerable 
drug residues in the stomach, and in the low urinary 
e.xcretion. These appear to be interrelated observa- 
tions since, in spite of the fact that the rabbits had 
been fasted for eight hours prior to medication, 
very bulkj' food residues remained in all levels of theii 
digestive tracts. It has been noted above that the 
presence of such residues affects the absorption and 
excretion rates of DES appreciablj-. Biliary 
excretion is evidently a very important process in the 
rabbit. 

Man . — The only determinable form of DES 
excreted in the urine of man is the unchanged drug, 
as is shown by the fact that the chemically-deter- 
mined values for free and total drug exactly coincide 
(see Table III). These observations are further 
confirmed by the fact that the microbiological assay 
of each sample is in very close agreement with the 
chemical analysis for total DES. No significant 
amount of glucuronide (determinable by difference), 
therefore, can be present, although this is the 
principal pathway of chloramphenicol metabolism 


(6). The total urinar}’ excretion of DES in forty- 
eight hours (in this one subject) is 75% of the tloi;;, 
which contrasts markedly with the 5-6% of chlor- 
amphenicol so excreted (8-11).^ Such excretion ol 
(unchanged) chloramphenicol as does occur, further 
more, is mostly in the first six hours after administra- 
tion. 


SUMMARY 

The metabolism of dextrosulphenidol has been 
studied in the rat, dog, cat, rabbit, and man. 
In all species but one (the dog) the only urinar}' 
excretory product is the unchanged drug; in 
this one species about 15 per cent of the dose i> 
evidently excreted in a conjugated form. Ab- 
sorption and excretion of dextrosulphenidol 
appear to be delayed by the presence of food 
residues in the digestive traet; in their absence 
the urinary excretion in sixteen hours, regardless 
of the species, is about 60 per cent of the dose. 
Biliary excretion is also an important process, 
with the result that the drug continues to be 
found in the intestine as long as it is present in the 
tissues. Tissue : plasma concentration ratios arc 
generally about 1 : 1 except in the liver and kid- 
ney, and possibly the spleen. There is some 
evidence that the drug is present in the intestine 
of the rat other than as unchanged dextrosul- 
phenidol. This form could be either the free 
base or a glucuronide conjugate, but is more 
likely the latter. In man 75 per cent of an oral 
dose is excreted in unclianged form within 
forty-eight hours. 
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Prediction of Stability in 
Pharmaceutical Preparations VII* 

The Solution Degradation of the Antibiotic Streptozotocin 

By EDWARD R. GARRETT 

The kinetics of solution degradation of the antibiotic streptozotocin have been 
studied polarographically, spectropbotometrically, and by bioassay. Equations 
have been obtained to characterize degradation as a function of pH, buffer, and tem- 
perature. Bioassay has been correlated with these others and correction procedures 
devised to account for their limitations. Stability in vitro and in vivo has been pre- 
dicted. A mechanism is proposed that accounts for the available data and describes 
the weakly basic nature of streptozotocin and indicates the presence of a bf-nitro- 
somethylurea function in the antibiotic. 


* I *HE pharmaceutical need to determine the 
stability of molecules of unknown structure 
has been discussed previously (1). 

Streptozotocin is a new broad-spectrum anti- 
biotic (2) of presently unknotvn structure but of 
suggested empirical formula, CiiHi-NsOu, with 
an indicated N-nitrosomethylamide group (I) (3). 

O NO 

II I 

R— C~N— CHj 
I 

Some chemical, physical (3), and biological 
(2, 4-6) properties of streptozotocin have been 
recently described. 

This paper reports on studies designed to de- 
termine the stability of streptozotocin as a func- 
tion of pH and temperature, to predict the nature 
of the intermediates or products of degradation, 
to compare chemical and biological assay pro- 
cedures, and to predict stability in vivo and the 
conditions for maximum stability in solution. 

EXPERIMENTAL 


The kinetic studies on the degradation of strepto- 
zotocin in aqueous solution were conducted with the 
use of three assay procedures. 

Kinetics by Color Assay. — One assaj* procedure 
used was a color assaj- developed by Forist (7) and 
based on the acid cleavage of the N-nitroso group of 
streptozotocin to yield nitrous acid, subsequently 
diazotized with sulfanilic acid, and the salt coupled 
with N(l-naphthyl)-ethylenediamine to produce an 
azo compound with a stable absorption maximum of 
/reproducible absorbance at 550 mpi after subjection 
to 60° for forty-five minutes. 

The streptozotocin was prepared by Herr, el al., 
s (3); the characterization of this material has been 
\ reported (3). The antibiotic w'as dissolved in acid, 
acetate, and phosphate buffers as given in Tables I 


* Received February 23, lOflO, from tbe Research Divi- 
sion, The Upjohn Co., Kalamazoo, Mich. 

The author is Rteatly indebted to Mrs. Lillian G. Snyder 
(or excellent technical assistance, to Drs. W T. Sokolski 
and L. J. Hanka, Mr. M. R. Burch and associates for the 
microbiological assays, and to Mr. D. J. Weber for the po- 
tentiomctric titrations. 


and II and maintained at the appropriate tempera- 
ture. The buffer solutions had been previous^' 
equilibrated at that temperature. The initial con- 
centrattons of the solutions were 0,22 mg./ml. except 
for runs 8 and 10 which were 0.44 mg./ml. At re- 
corded time intervals 1.00-mI. aliquots of the buf- 
fered solutions were pipetted and each was mixed 
with 10 ml. of pH 4.00 acetate buffer. One milliliter 
of the resultant solution was pipetted into 5 ml. of 
the combined color reagent and the color developed 
at 60° for forty-five minutes. This solution was 
cooled to room temperature and the absorbance was 
read at 550 mft on the Beckman model B. The 
original material was also assayed to determine the 
color proportional to the original concentration. 
Adherence to Beer’s law had been previously con- 
firmed (7). A spectrophotometric blank omitting 
the antibiotic was prepared similarly for each assay. 

Polarographic Assay. — It had been observed' 
that streptozotocin possessed a polarographic wave 
of E</z = ca. —0 8 V. in pH 4.6 acetate buffer. The 
magnitude or to of tliis wave can be correlated with 
streptozotocin concentration as at pH 4 in acetate 
buffer (see Fig. 1). 

The general procedure for polarographic assay was 
to purge all buffer solutions with nitrogen in excess of 
thirty minutes and equilibrate them at the desired 
temperature of the study. The weighed samples of 
streptozotocin were brought up to volume with the 
desired buffer. The final buffer concentrations are 
listed in Tables II and HI. The concentrations in 



Fig. 1. — Polarographic calibration curve; dif- 
fusion current, id, in va. against streptozotocin 
concentration in mg./ral. for acetate buffer, pH 4.04. 


* By Dr E. C. Olson of these laboralortes 
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Table III. — Conditions and Rate Constants (feiNSEc.-*) for the Apparent First-Order Degrada- 
tion OF Streptozotocin at Various Temperatures 


Run No. 

pH 

°c. 

105* 

Buffer Composition-— 

(HjPOi-) IHPOrl 

14 

6.S9 

30 2 

4.46“ 

0.0513 

0.075 

32 

6.90 

40.0 

18.4“ 

0.0513 

0.075 

33 

6. 89 

50.2 

73.2“ 

0.0513 

0.075 

34 

6.90 

60.5 

268“ 

0.0513 

0.075 

35 

7.31 

40.0 

37.2“ 

0.0225 

0.0901 

36 

7.72 

40.0 

70.9“ 

0.0107 

0.0961 

37 

8.08 

40.0 

163“ 

0.0041 

0.0994 

28 

4.60 

30.2 

0.227‘ 

[CHaCOOH] 

0.025 

[CHsCOO- 

0.025 

38 

4.67 

39.4 

0.313*' 

0.025 

0 025 

39 

4.62 

50.2 

1.48*> 

0.025 

0.025 

40 

4.65 

60.0 

3.58^ 

0.025 

0.025 

41 

4.65 

69.5 

12. 0‘ 

0.025 

0 025 

25 

2.02 

30.2 

0.410' 

[HCl] 

0.01 


42 

2.02 

39.4 

0.985“ 

0.01 


43 

2.23 

50.2 

3.13“ 

0.01 


44 

2.24 

59.7 

7.89' 

0.01 


45 

1.92 

69 

19.1' 

0.01 


46 

1.76 

40.0 

1.96' 

0.02 


47 

1.48 

40.0 

2.59' 

0 04 


48 

1.22 

40.0 

3.28' 

0.075 



a By color assay. 

& By polarographic assay, values by corrective color assay (uncorr in parentheses) foi each of these runs are 2S* 0 206 
(0.141); 38: 0.268(0221), 39; 1 40(1 28), 40- 3 49(349), 41- 11 5(11 5) 

e By polarographie assay. 



MOLAR CONCENTRATION OF ACETATE 

Fig. 2. — Effect of acetate ion concentration on the 
E'/t nnd to of streptozotocin polarography. The 
pH is 4.6, the streptozotocin is 0.22 mg./ml. 

The standard used had an assigned value of 180 ± 

^Op/mg. 

Correction for Color Artifact. — ^The apparent dis- 
crepancy in estimated rate constants from color and 
polarographie assay is clearly shown by comparison 
of runs 1-13, Table I, and runs 22-31, Table II. 
The discrepancy is most apparent in the 2.0-5.0 pH 
range at 30°. This can be explained by a positive 
interference in the color assay as the degradation 
proceeds. Forist (7) has pointed out tliat nitrite 
could be a product of degradation and give an ap- 
parent assay for intact antibiotic. 


Nitrite most probably would be a degradation 
product in the acidic range. Addition of color 
reagent developed color at room temperature at 
pH values less than 6. No such appearance at 
room temperature was observed above pH 6. 
Naturally, such an artifact would give lower 
estimates for rate constants. However, compensa- 
tion for such an artifact could be made by measuring 
the color due to nitrite and subtracting from the 
total. Higher temperature or higher acidities 
would tend to decompose the nitrite interfering in 
the color assay, probably to nitric oxide and nitric 
acid. 

In another procedure, the color absorbance was 
read immediately at 550 m/i as a function Of tinr eat 
room temperatmre. Color developed instanta- 
neously and then enhanced slowly in the cold and 
the extrapolated intercept at zero time was assumed 
to be the amount of color corresponding to the nitrite 
artifact. Examples are given in Fig. 3. This 
intercept value, which increased with the time of 
degradation, is consistent with the premise of 
nitrite as a product of degradation. This intercept 
value when subtracted from the total value obtained 
from the normal color assay procedmre gave a 
net absorbance which was considered proportional 
to the streptozotocin content. 

The plots of Fig. 3 can be interpreted as dem- 
onstrating the following facts; (a) There is initially 
no nitrite present. (6) Nitrite appears as the 
degradation proceeds and although it reacts with 
reagent quickly to form color, the reaction is not 
instantaneous. The total time of color formation 
with nitrite is up to eight minutes, (c) The pro- 
duction of color at room temperature with the 
streptozotocin is a slower process than with the 
nitrite, but it is significant and correction for 
interfering streptozotocin color is ncccssar.v. The 



770 


Journal or the American Pharmaceutical Association 


\'^ol 40, No 12 



Fig 3 — Color development at 550 mp in the cold 
as a function of time from streptozotocm (0 22 
mg /ml ) aliquots degraded m 0 025 il/ acetate 
buffer, pH 4 6 at 30 2° The sjmbols are for 
aliquots degraded at different times m hours 
O, 23 5 o, 46 9, and O, 97 0 


CNtrapolation proeedure should be valid as the 
streptozotocm color formation simulates pseudo 
zero order The slopes of these straight lines are 
as expected, decreasing uith lower concentrations 
of nondegraded streptozotocm 

The first order plots of log color assay versus 
time for run 11, Table I, uncorrected and corrected 
for this initial color development in the cold are 
given in Fig 4 where it can be seen that the rate 
based on the corrected assav s is significant!} greater 
The rate based on the corrected color assay is 
indistinguishable from that based on the polaro 
graphic assavq run 28, Table II 
Potentiometnc Titrations. — The following studies 
were replicated The parenthetical values report 
the results of the second series 

Streptozotocm, 20 mg , ca 0 044 mmoles, mol 
wt 457 (3), was dissolved m 2 0 ml of 0 085 M 
h}drochloric acid and allowed to stand for twentv- 
four hours, ca two half lives, and subsequentlv 
titrated with 1 M sodium h}dro\ide A grouping 
of pKa ca 10 8 vv as the onl} titratable functionalitv 
observed and was m the amount comparable to or 
greater than the initial mmoles of streptozotocm, 
0 045 mmoles, m both replications This material 
stood for a short time under nitrogen at high 
alkalmit} , apparent pH ca 12, and was back titrated 
with 1 3/ h}drochloric acid The functionalit} of 
pKa > 10 was still present Also a small quantitv 
of a functionalitv of pKa 6 2 appeared, 0 015 mmoles 
(0 020 mmoles) mdicativ e of bicarbonate and con 
firming the observ ations of Herr, el al (3) 

Streptozotocm, 20 mg, ca 0 044 mmoles, was 
dissolved m 2 0 ml 0 0902 1/ sodium hv droxidc 
and titrated with 1 M hv drochlonc acid Func- 
tional groups of pKa 10-11, estimated as greater 


m quantity than the initial amount of antibiotic, 
were observed In addition, amounts of function 
alities of pKa 9 2, 0 025 mmoles (0 020 ininolcsl 
and pKa 6 2, 0 043 mmoles (0 045 mninles) were 
observed On back titration with 1 M siidiiim 
h} droNide the functionalitv at 6 1 pKa disappeared 
while the 0 025 mmoles (0 020 mmoles) of pKa 9 2 
remained as did funetionaht} ca pKa 10 8 

CALCULATIONS AND RESULTS 

Empirical Equations for Degradation — The data 
for streptozotocm assay as a function of time for 
constant pH conditions can be fitted as a first order 
plot according to the expression 

log AT = - (k/2 303)1 + logXo (Eq 1) 

where X is either the absorbance. A, at 550 mu 
from the color assay or the diffusion current, id, 
in fta , at — 1 05 v from the height of the polaro 
graphic wave, where Xo is the pertinent value at 
time zero 

Typical first-order plots of streptozotocm deg 
radation based on the color assay are given in 
Figs 4, 5, and 6 The estimated rate constants, 
k in sec for these and other studies at 30 2° 
are given in Table I 

Typical first order plots by the polarographic 
assay are given in Fig 7 The estimated rate 
constants, k m sec for these and other studies 
at 30 2° are given in Table II 



Fig 4 — Effect of nitrite contaminant on apparent 
first order plots of streptozotocm degradation at 
30° m 0 025 M acetate buffer, pH 4 6 O normal 
procedure, • after correction for room temper iturc 
color dcvelopnient 
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Fig 5 — Apparent first-order plots of strepto 
zotocm degradation at 30° at constant pH but iiitli 


varjnng acetate ion concentration, pH 
determined by color assay 

= 4 6, as 

Code 

[HOOCCHa] 1 

[-OOCCHj] 

Run 

O 

0 025 

0 025 

7 

• 

0 100 

0 100 

8 

O 

0 200 

0 200 

9 

e 

0 400 

0 400 

10 



0 100 200 300 400 500 

TIME IN hOUaS 


Varying acetate concentrations at constant pH 
had no significant effect on the rate constant 
Figure 5 shows the nonsignificant effect of varying 
acetate ion concentrations from 0 025 to 0 400 il/ 
at pH 4 6 on the first-order plots based on color 
assay, i e , runs 7 through 10 of Table I Also see 
runs 28 and 29 at tiio different acetate concen- 
trations m Table II 

The values for the rate constants derived from 
color assay are lower than those derived from the 
polarographic assays below pH 6 This fact is 
attributed to the production of color from the 
nitrite product of acid degradation ii hich gives rise 
to an erroneously high value for intact antibiotic 
At high acidities mtnte becomes readilj^ degraded, 
at extremely low acidities none is probably formed, 
and in the intermediate pH regions, ca 2-6, the 
nitrite ion remains to interfere 

The logarithmic values of the apparent first- 
order rate constants at 30° as log k (k in sec “*) 
are plotted against the pH in Fig 8 The solid 
circles are based on the rate constants determined 
from the color assaj s on studies above pH 5 5 
the open circles are based on the rate constants 
determined from the polarographic assays on 
studies beloii pH 6 0 

Empirical relations that can express apparent 
first-order rate constant dependence on pH and 
reasonabU' fit the plotted data of Fig 8 at 30° are 

log i = -0 453 pH - 4 445, pH < 2 5 (Eq 2) 

log ib = 0 73 pH - 9 42, pH > 6 0 (Eq 3) 


Hon ever, since ksoo ^ 2 X 10“' sec nhen 2 5 < 
pH <5 5, the k values derived from Eqs 2 and 3 
do not account for the degradation rate in the pH 
range 2 5 to 5 5 

Degradation at Acidic pH Values. — Streptozotocin 
has no apparent pKa values bj potentiometnc 
titration (3) Hon ever, a rational explanation for 
the apparent fractional slope of the log k versus pH 
plot at 30° 111 the acid region (see Fig 8) as given m 
the empirical Eq 2 is that ne are actually measuring 
a transition region of hj'drogen ion attack on proto- 
nated, SH'*', and nonprotonated streptozotocin, 
S, in ionic equilibrium with each other 

Actuallj', the rate of total streptozotocin, [S]i, 
concentration change as catalyzed bv hi drogen 
ion could be the sum of the rates of change of the 
protonated, dlSH''‘l/d(, and nonprotonated (f[Sl/(i/, 
forms so that 


<i[S],/A = d([S] + [SH+])/* 

= -li.[H+][SH+) - *,[H+1[S] 
= -in-r[H+]|[SH+] 4- [S] | 

= —(k — ^o)[S]i 


(Eq 4) 


where k is the apparent first order rate constant at 
an acidic pH and feo ~ 2 0 X 10“' sec is the 
apparent first order, pH independent, rate constant 
from the data of Table II, runs 26 through 30 
The ionization equilibrium 


SH+;=iS-fH+ (Eq 5; 

may be formulated as 

[Sl/lSH+l = A'„/[H+] (Eq 6) 


where ka is the ionization constant of the equilibrium 
given in Eq 5 By a method analogous to that of 
Eduards (8) it can be shown that 

(k - ibo)/[H+] = = ^i/(l + A'„/[H+]) -b 

*i/(l -b [H+]/A'„) (Eq 7) 


Also, from the relationships of Eqs 4 and 7, it 
can be shown that 


k — ko = ik< ~ kn+)Ka -b ^iIH+j (Eq 8) 

At some other hydrogen ion concentration, 
[H + ]', the apparent first-order rate constant is 
lb' where 

{k’ - ko)/[H.+]' = k'B+ (Eq 9) 
k' — ko = [^2 — ^'h+IAo -b l;i[H+]' (Eq 10) 

Subtraction of Eq 10 from Eq 8 and rearrange- 
ment results m 

(fe — fe') _ (fe'H+ — fcH+) . 

[H+] - [H+]' [H+] - [H+]' ° ‘ 

(Eq. 11) 

It follows that from any two studies k — k', 
[H+]- [H+]'andl:'H+-ibH+ = (ib' - /bo)/[H+]' - 
(ib — fo)/[H+] maj’ be calculated The hydrogen 
ion activity IS used for the [H+] values and is 
considered as 


OH-t = [H+J = 10 -pH (Eq 12) 

How ever, since the pH measurement is inaccurate 
at low pH values, the hydrogen ion activities are 
determined from 


aH+ = /hciIHCI] 


(Eq 13) 
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Fig. 6. — Apparent first-order plots of strepto- 
zotocin degradation at 30° in phosphate buffers as 
determined by color assay. 


Code 

pH 

Run 

O 

6.89 

14 

O 

7 32 

15 

c 

7.09 

16 

© 

8.00 

17 



determined by polarography where io is taken at 
Eir. = -1.05 V. 


Code 

HCl 

pH 

Run 

O 

0.010 

2.02 

25 

• 

0.020 

1.74 

24 

O 

0.040 

1.49 

23 

o 

0.075 

1.22 

22 


as based on the literature values of the activity 
coefficient (9a), /nci, and the actual HCl concen- 
trations. E.xperimental and actual pH (= —log 
JhciIHCI)) values are given in Table II for the 
actual concentrations of HCl used. It is observ'ed 
that above pH 1.0 the agreement between calculated 
and e.xperimental pH values is good. 

WOien runs 18 through 25, Table II, are paired in 
all possible combinations, the data permit the 
ealculation of the functions, (k — i'j/flH'*'] — 
(H-*-)') and {.k'u+ ~ Arn+)/([H + l - [H + ]') for 

each pair. When the former is plotted against the 
latter to validate the postulates behind Eq. 11, a 
straight line should result with slope Ka and in- 
tercept kt. Such a plot of paired values is given in 
Fig. 9. The numbers at each plotted point refer to 
the paired runs listed in Table II for which the 
functions were calculated. 

The intercept, ki, of Fig. 9 is 2.38 X 10“® 1/ 
mole/sec. and the slope, Ka, is 4.51 X 10“® or 
pKa = 1.35 at 30°. Such a pKa would not be 
observed on classical potentiometric titration (3). 
The k; value ealculatcd from Eq. 8 for runs 18 
through 25, Table II, is 2. 70 X 10“* l/J/’/sec. 

Thus Eq. 7 at 30° becomes 

ka+ = 2.38 X 10-®/(I + 4.51 X 10-V[H+]) -f- 
2.76 X 10-Va -f (H+J/4.51 X 10“=) (Eq.l4) 

Use of this equation permits the calculation of 


apparent first-order rate constants at 30° by 

k=knHn+]+ko (Eq. 15) 

where [H'*'] is defined by Eq. 13. The rate con- 
stants calculated on this basis for the pH range 0 to 
5 are given in Table II and demonstrate agreement 
with the experimental values. The drawn solid 
curve in Fig. 8 for the acid branch is the caleulatcd 
curve; the plotted points are the experimental 
values where pH is taken as — log/noiHCl. Agree- 
ment is observed. 

Degradation at Alkaline pH Values. — ^A similar 
rationale is not applicable to explain the apparent 
fractional slope of the log k versus pH plot at 30° in 
the alkaline region (see Fig. 8) as given in the empiri- 
cal Eq. 3. A set of simultaneous equations can be 
postulated however. They are 

k = *n,po,- [HaPOi”] + 

knvor [HPOr] + iton-[OH-] + k„ (Eq. 10) 

where the k values, pH values, and [HjPOUl 
and [HPOj”] concentrations are given in Table I, 
runs 14-17. The [OH“] concentration can be 
calculated from 

[OH“] = 10“!’°'' = iQ-ipKin-pii) (Eq. 17) 

where pK«, is 13.83 at 30° (9b). 

The value is negligible and on its omission 
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Fig. S.- — pH profile of the logarithm of the ap- 
parent first-order rate eonstant, k in see.“', for the 
hydrolytic degradation of streptozotocin at several 
temperatures. The dashed lines are empirieal rela- 
tions for acidic and alkaline hydrolysis. The solid 
curve at 30° is based on a streptozotocin ionic equi- 
librium in the range and ignores possible mono- 
hydrogen phosphate ion catalysis in the alkaline 
range, i.e., considers hydroxyl ion and water cata- 
lyzed degradation only. The dot-dash curves esti- 
mate the log *-pH profile at other temperatures. 
The open circles are by polarographic assay; the 
closed circles are by color assay. 


from Eq. 16, the estimated values are koK- = 158 
L./mole/sec., kmor = 33 X 1Q~® L./mole/ sec. 
where io is 0.20 X 10 see."*. 

This result implies significant catalytic degrada- 
tion by monohydrogen phosphate ion. Use of 
these parameters in Eq. 16 where k^tvoi' — 0 
gives calculated values in good agreement with the 
experimental (see runs 14 through 17, Table I). 

The variation in rate from strict hydroxyl ion 
catalysis cannot be ascribed to ionic strength, 
li- An expression for p simplifies to 

= [HjPOr] + 2.5[HPOr] (Eq 18) 

and shows very little variation from 0.25 among 
runs 14 through 17, Table I. 

The drawn solid curve in Fig. 8 is not intended to 
agree with the plotted experimental points of the 
alkaline branch since it is based solely on the 
“spontaneous” rate, k<s, and the specific hydroxyl 
ion catalysis, i. e. 

k ~ ko kon~ [OH“] (Eq. 19) 

Degradation at Several Temperatures. — Table II 
• provides the conditions and rate constants {k 
in sec.“^) for the apparent first-order degradation 
of streptozotocin at various other temperatures. 
These values are also plotted in Fig. 8 with the dot- 
dashed lines estimates of the log k versus pH func- 
tions at a given temperature. 

The Arrhenius plots for the data of pH 2.03, 
•1.65, and 6.90 are given in Fig. 10. The parameters 
of the Arrhenius equation 

iog k = -Sa/T + \og P 

= -AH„/2.303Er -h log P (Eq. 20) 



Fig. 9. — Plot of the linearly related functions to 
permit estimates of the slope, i.e., the dissociation 
constant, Ka, of protonated streptozotocin, and the 
intercept, i.e., the bimolecular rate constant, 
ki, for the hydrogen ion catalyzed degradation of 
this protonated streptozotocin. The numbers per- 
tinent to the data points represent the paired studies 
of Table II used in the calculation of the functions. 


are defined and given in Table IV. The Arrhenius 
plot for the 4.65 pH data has greater variation than 
the others. Nevertheless, the estimated slope for 
the 4.65 pH is not inconsistent with that for the 
2.03 data. The plotted data in Fig. 8 for temper- 
atures other than 30° are based on the curves drawn 
for the Arrhenius relations in Fig. 10. 

Correlations of Bioassay and Chemical Assays. — 
The possible correlations of the bioassay (4) with 
color assays (7) are plotted in Fig. 11, of the bio- 
assay with polarographic assay are plotted in Figs. 
12, 13, and 14 for degradation at several pH values. 
The statistics for the least squares plots are given in 
Table V. 

Although the bioassay (y) is considered as the 
dependent and the chemical assay (x) as the inde- 
pendent (or error-less) variable in the statistics of 
Table IV, the plots in the figures are of x versus y. 

Inspection of the table and figures permits the 
conclusion that only the polarographic assays at 
degradations of pH 3.42 and 6.86 can be cor- 
related with the bioassay, where slopes and in- 
tercepts are not significantly different from the 
theoretical 1.0 and 0.0. Figures 12 and 13 show 
that the agreement would be even more coincident 
if there had not been one or two c.xtreme values at 
the higher concentrations. However, this is not too 
serious as a mild difference in slope from unity but 
no difference in intercept from zero merely signifies 
that the physicochemical factor (absorbance 
or diffusion current) chosen to represent a unit 
concentration may have been based on a sample of 
slightly greater streptozotocin content than that of 
the bioassay standard. Of greater importance is 
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Table I\' — Apparent Therjiodynamic Quantities" for the Hydrolytic Degradation of Strepto- 

zotocin 


Apparent pH 

S 

AHa 

log P 

6 90 

5,921 

27 1 

15 19 

4 65 

4,500 

20 6 

9 19 

2 03 

4,500 

20 6 

9 41 


Buffer Composition 

[H,por] = 0 051, [Hpor] = 00750 

[CHiCOOH] = 0 025, [CH3COO-] = 0 025 
[HCl] = 0 010 


a The quantities are deri\ cd from the logarithmic form of the Arrhenius relation logA = — (AHa/2 303i?) (l/T*) + log P = 
— S r + log P uhere the k is in sec the ^Ha is the heat of acti\atJon in kcal /mole, R is the gas constant in cal /degree/ 
m Ic T IS the absolute temperature, and log P is a constant associated with entropy 


Table — Statistics of Regressions ( 3 ’ = «iv + b) of Bioassays (>') on Chemical Assays (\) 



. — 30“ 

Degradation— >• 

No of 

Least Squares 



mg7ml 


Assaj 

pH 

Run 

Fig 

Assays 

nt 

ah 

trm 

Rem.xrks 

Color 

4 6 

8 

11 

19 

3 , = 1 424 \ 

-124 6 

54 3 

0 219 

76 1 

Cannot assume 3 > = \ 

Polarograph 

3 42 

26 

12 

11 

y = 1 242 V 
-74 2 

58 5 

0 148 

85 9 

The slope, ni, is not 
significantly differ- 
ent than 1 0 ; the 
intercept, b, is not 
significant!}- differ- 
ent than 0 For b = 
0, VI = 1 074; (T„ = 
0 068 

Polarograph 

5.86 

31 

13 

8 

y = 1 311 X 
-56 9 

50 5 

0 131 

65.8 

As above, e.xcept when 
5 = 0, w = 1 ISO, 
o-„ = 0 062, and m 
is significantly differ- 
ent from 1 0 

Polarograph 

2 02 

25 

14 

13 

y = 1 226 X 
-134 8 

33 0 

0 086 

48 5 

Both slope, VI, and 
intercept, b, are sig- 


nificantly different 
from the theoretical 
values 1 0 and 0 0 



Fig 10 — Arrhenius plots for streptozotocin deg- 
radation at several pH values: curve A, pH 6 90 
in phosphate buffers; curve B, pH 4 65 in acetate 
buffers; and curve C, pH 2 03 in hydrochloride 
buffers 

that the intercept should not be significant!}- non- 
zero The significant deviation of the intercept 
from zero is readily explained in the case of the color 
assa\' (degradation at pH 4.6, Fig 11) by the ap- 
pearance of an artifact, nitrite, as the degradation 



Fig 1 1 — Attempted correlation of streptozotocin 
color assa}' with bioassa}- on material degraded at 
30°, pH =46 (run No 8 ). The solid line is fitted 
b}- least squares; the dashed lines represent the 
standard deviation of bioassa}- about regression 

proceeded, which produced color construed to be 
antibiotic Thus when the material had degraded to 
zero bioassa}', the color assay might still indicate 
streptozotocin In the ease of the degradation at 
pH 2 02, Fig 14, the signficantly nonzero intercept 
implies acid degradation of the antibiotic at some 
other site than the N-nitrosoamide grouping 

DISCUSSION 

Mechanism of Streptozotocin Degradation. 
The following scheme summarizes the evidence on 
the degradation of streptozotocin (I) and presents a 
possible mechanism. The values under the coin- 





December 19G0 


Scientific Edition 


775 


pounds represent the assignment of observed pKa 
values The parenthetical value is the handbook 
pKa The symbol (i*) represents doubtfid assign- 
ments of experimental pKa values 

Acid degradation of streptozotocin : 

O NO OH 

II 1 H+ II I 

R— C— N— CHj > HNO . + R— C— N— CHj 

none HOH 

O 

R— C— OH -{- CH3NH,+ 
>10(?) >10(10 7) 

(Eq 21) 



Alkaline digestion of acid degraded streptozotocin : 


0 

II 

R— C— OH 

OH- 

R— H -b 

> 10 (?) 

CO 3 - 

>10 (10 4)1 
6 2 (6 3)1 


CH 3 NH 3 + 

OH- 
> 

CH 3 NH 5 
>10 (10 7) 

1 


(Eq 22) 


Alkaline degradation of streptozotocin : 


O NO 

II I OH- 

R— C— N— CHs > 

none 


O 

II 

R— C— OH 
CH.Ni 

diazomethane 


OH- 


OH- 


R— H -f cor 

>10 (’) >10(10 4) 

6 2 (6 3) 

NHs + CHaOH -f- Nj T 
9 2 (9 3) 


(Eq 23) 


Fig 12 — Attempted correlation of streptozotocin 
polarographic assa 3 ^ with bioassa 5 ' on material de- 
graded at 30°, pH = 3 42 (run No 26) The 
solid line is the theoretical relation of unit slope 
The dashed lines represent the standard deviation 
of bioassaj’ about regression 



Acid digestion of alkaline degraded streptozotocin 


R— H 

j. 

R— H 3 + 
ca 10 8 


NHs 

H+ ' 

NH4 + 

H+ ’ 

9 2 (9 3) 

1 

6 

0 

> 

COiT 


Since the R — H is the only structure that can be 
assigned the pKa ca 10 8 observed on the alkaline 
titration after the acid digestion of the alkaline 
degraded streptozotocin, it follows that R — Hj'*' 
may actualty be R' — NHj'*' and it is possible that 
the N-nitrosomethylamide group is actually a 
substituted N-nitrosomethj'lurea.- 

H O NO 

I II I 

R'— N— C— N— CHa 
II 

The N-nitrosomethylamide (or N-nitrosomcthjd- 
urea) group is susceptible to hydrogen ion, ivater, 
and hydroxyl ion catah'zed hj'drolvsis with evidence 
for general base catalysis as bj’ inonolij'drogcn 
phosphate ion The apparent first-order rate 
constant, k, for this hj'drolysis mai’^ be defined as 


1 As onRina^ly siiRgested on organochemical eiidence by 
Dr Heinz Jahnte of these laboratories 


Fig 13 — Attempted correlation of streptozotocin 
polarographic assaj' u ith bioassay on material 
degraded at 30°, pH = 5 86 (run No 31) The 
solid line is fitted by least squares , the dashed lines 
represent the standard deviation of bioassaj' about 
regression 


k = te-klH'''] km’or [HPOi"] -|- 

*oh-[OH-] + *0 (Eq 25) 

where the specified rate constants at various 
temperatures have been given previously The 
kB+ rate constant is actually a sjmthesis of two 
others, the one representing hydrogen ion attack 
on a protonated, the other on a nonprotonated 
streptozotocin of pKa = 1 35 at 30°, possibly due 
to the N-nitrosomethylamide group of weak ba- 
sicity 

Prediction of Stability in Vitro and in Vivo. — The 
optimum pH for the maintenance of streptozotocin 
stability in solution is ca. pH 4 0 where the antibiotic 
has a half life of 90 hours at 30° At a pH of 1 0, the 
half life is 14 hours, and at a pH of 7 0 it is 3 84 
hours at 30° It follou s that significant degradation 
can be expected in tlie stomach on oral ingestion al- 
though the loss in potency prior to absorption uould 
not be of great practical significance if a maximum of 
one to two hours at a pH of 1-1 5 for stomach re- 
tention is assumed. 
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Fig. 14. — Attempted correlation of streptozotocin 
polarographic assay with bioassay on material de- 
graded at 30°, pH = 2.02 (run No. 25). The solid 
line is fitted bj' least squares; the dashed lines 
represent the standard deviation of bioassay about 
regression. 


However, the important factor to consider in 
in vivo stability is the possible degradation in the 
intestine and in the blood. Fortunately, strepto- 
zotocin is nonionic so that a high degree of gastric 
absorption may be surmised from a site of in- 
consequential degradation. At a pH of 7 at 37°, 
the half life of streptozotocin is ca. one hour. It 
thus follows that no matter the metabolic or ex- 
cretory rate of organism given the drug, the half 
life of the drug in the blood would not exceed one 
hour and would most probably be less. When the 
factors of intestinal degradation (pH 5-7) and 
distribution to tissues are considered, it is to be 
exp'ccted that it would be extremely difficult to 
pick up sensible blood levels of streptozotocin on 
oral administration. 

Comparison of Assay Procedures. — The color 
assay is an effective and valid procedure above the 
pH range (> 5.0) where nitrite is not a product 
of degradation. Since the color assa}* measures 
nitrite r-ield from acid degraded streptozotocin by 
the diazotization of sulfanilic acid, nitrite contam- 
inant would be calculated as streptozotocin. Such 
a contaminant must be compensated. 

The color appearance at room temperature after 
the addition of the assay reagents is indicative of 
nitrite presence. The linear portion of a plot of 
color absorbance versus time for the first fifteen 
minutes may be e.xtrapolated to zero time, as in 
Fig. 3. The resultant intercept value should be 
subtraeted from the total color development at 60° 
and the difference used in the estimation of the 
streptozotocin present. 

The polarographic assay of the functional group 
is independent of the nitrite present as an impurity 
and may be used without eompensatorj- techniques 
on acidic solutions of the antibiotic. Although the 
polarographic assay correlates well with the bio- 
assay (by plate-disk against P. vulgaris) at the 
neutral and mildly acidic pH values, it gives an 
apparently higher assay reading on streptozotocin 
degraded in strong acid. This may be due to the 
fact that streptozotocin has an additional mode’of 


degradation in strong acid thus destro 3 'ing potcnc)-. 
This mode would involve some function other than 
the N-nitrosoraethjdamide grouping. 

Correlation of bioassaj' with the polarographic 
assaj' (using only those degradations at pH values 
where the regression line goes through the origin) 
permits estimation of the error in the bioassay, a 
standard deviation of 80 mcg./ml. for streptozotocin 
in the concentration range 0-700 mcg./ml., average 
350; or the standard deviation, % of average, is 
23%. 

The shift of half wave potential, Ei/„ (Fig. 2) 
to less negative potentials with increasing acetate 
ion concentration in the polarography of strepto- 
zotocin is an interesting phenomenon. The re- 
duction bjf electrons of a compound is abetted by 
the addition of negative ions. It has been suggested' 
that streptozotocin complexes with the buffer in 
the region of the microelectrode. The polarographic 
procedure is valid, however, since at a given acetate 
buffer concentration, the ip/C and Py, values for 
streptozotocin showed no significant variation with 
the concentration, C, of the antibiotic. 

SUMMARY 

1. The antibiotic streptozotocin readily de- 
grades in aqueous solution as a function of hydro- 
gen and hydroxyl ion concentrations tvith a raaxi- 
ntum stability at pH 4. Water and monohydro- 
gen phosphate ion catalyzed hydrolysis are indi- 
cated. 

2. The log k — pH profile can be fitted by the 
postulate of differential hydrogen ion catalyzed 
hydrolysis on an ionic equilibrium with proto- 
nated streptozotocin, pKa 1.35 at 30°. 

3. Prediction of in vivo stability of the anti- 
biotic streptozotocin indicates that although 
gastric degradation xvould be of little importance 
on oral administration, degradation in the in- 
testine and blood would be. It is anticipated 
that great difficulty would be encountered in ob- 
taining significant blood levels since the half life 
in the blood should not exceed one hour. 

4. A color assay based on diazotization of 
sulfanilic acid by the nitrite from acid degraded 
streptozotocin is valid providing nitrite is not a 
contaminant. Procedures are given to compen- 
sate for such a contaminant. 

5. A polarographic assay is developed which 
can assay for streptozotocin in the presence of 
nitrite and is applicable in acid degrading systems. 

6. The error in bioassay has been estimated 
and correlations have been demonstrated with 
color and polarographic assays of streptozotocin. 
The nitrite contaminant would interfere with the 
uncorrected color assay correlation. Only in acid 
solutions is the polarographic assay not fully 
correlated with bioassay. This indicates that 
acidic degradation which destroys biological 
potency' proceeds by' tw'o mechanisms, the dc- 
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struction of the reducible N-nitrosomethylamide 
and some other functionality independent of the 
group Thus when the biological potenc3' is zero, 
some reducible N-nitroso may remain 

7. Potentiometric titrations, the results of 
tlie kinetic studies, and the correlations indicate 
that streptozotocin is an N-nitrosomethylurea 
and this function’s stability, for the greater part, 
is correlated with the biological activity of the 
antibiotic. Alechanisms of solution degradation 
have been proposed. 
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Absorption Spectra of Cardiac Glycosides 
and Aglycones in Sulfuric Acid* 

By B. T. BROWN and S. E. WRIGHT 

The absorption spectra of 38 cardiac glycosides, aglycones, and aglycone deriva- 
tives, have been determined in sulfuric acid. The use of these spectra may assist 
in di6ferentiating between members of the A, B, and C series of digitalis glycosides 

and aglycones. 


^ I 'he use of absorption spectra in concentrated 
sulfuric acid for the characterization and 
estimation of steroids has become an important 
aid in the study of these compounds The 
initial work by Zaffaroni and co-workers (1, 2) 
has been supplemented by the studies of Bern- 
stein and Lenhard (3, 4), and the absorption 
spectra of several hundred steroids in sulfuric 
acid are now recorded Certain structural 
features of the steroid molecule have been related 
to selective absorption in sulfuric acid, including 
C-3,A'‘* unsaturated carbonjd group which has 
been correlated with absorption in the 280-300 
mg region, and isolated carbonjd and hydroxj-I 
groups which absorb in the 239-249 mg region 
14) 

While the absorption spectra in ethanol of 
f many cardiac glycosides and aglycones have been 
recorded (5), the application of sulfuric acid 
spectra of these compounds for identification 
purposes has been limited Miirphv (0) re- 
corded the absorption spectra in sulfuric acid of 
four aglycones in the region 360 to 600 mg The 

* Recei\ed Ma> 9, 19G0 from tlie Department of Ph ir- 
nncj , Uni\ersit> of S 3 clnej, S>dnes, Australia 

The authors would like to thank ^Ir C Short for assistance 
^^lth the experimental work 


present paper is a studj^ of the absorption spectra 
in sulfuric acid of 38 glycosides, aglycones, and 
aglycone derivatives in the range 210 to 600 mg, 
and the spectra recorded have provided a useful 
method of helping to distinguish between digitalis 
glycosides and aglycones of the A, B, and C 
senes 

EXPERIMENTAL 

Determination of Absorption Spectra. — Absorp- 
tion spectra Mere determined on a Hilger "Uvispec” 
spcctropliotonietcr model S P 500 (Hilger and 
Watts, Ltd ) Readings were recorded at 5-nig 
intervals Silica cells (1 cm ) were used tlirough- 
out, a Indrogen lamp in tlie range 210-300 mg. and 
a tungsten lamp 360-600 ing 

The solutions for anahsis were in a concentration 
of 15 meg /ml to 30 nicg /ml , and were dctcrnimcd 
within one hour after solution in sulfuric acid (98% 
w/w H«SOi) To investigate the alteration of 
spectra with time, the spectrum of each compound 
was redetermined after twentv-four hours 

Tabulation of Data. — In Table I, the absorption 
maxima and mmmia I cm ) for each com 

pound have been recorded Each absorption band 
IS recorded bv a single wavelength and the svmbol 
(1 ) has been used to denote an mficction or a plateau 
if this was observed m the spectra 
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No 


Compound 


Maxima 


Minima rajif 


1 Lanatoside A" 

2 Digito\in“ 

3 Desacetyl lanatoside B” 

4 GitoMn’’ 

5 Digitalinum \ eruni*’ 

6 Digitalmum \ crum monoace- 

tate'’ 

7 Gitoside' 

8 Lanatoside 0“ 

9 Acet\ 1 digoMn" 

10 Desacet\l lanatoside C” 

1 1 DigoNin*' 

12 20.22-Dih} drodigoxin'' 

13 Diginatin' 

14 Afroside acetate'' 

15 Gomphoside acetate'' 

16 Ouabain*’ 

17 Stroplianthin-k'' 

18 Scillaren A'’ 

19 Scilliroside'* 


20 DigitOMgenin'* 

21 20,22-Dilij drodigitOMgeiiin'' 

22 Digito\igenin-3-acetatc'' 

23 Digito\igenin-3-one'' 

24 0 (AU US)) Anln drodigitoM- 

genin'' 

25 ^-(A" <'U)-Anli\drodigito\i- 

genin acetate'' 

26 G.itoMgenin'' 

27 A" *' Dian!i\ drogitoMgcnin'' 

2S DigOMgeiiin'' 

29 Digo\igenin-3,12 diacetatc'' 

30 20,22-Dilii drodigoMgcnin'' 

31 DigoMgenin-3 one* 

32 ^-(A" u^’)- \nli\ drodigoMgenin' 

33 DigoMgcnm 3,12 dione'* 

34 Diginatigenin' 

3") Sarnicntogenin'’ 

36 11-cpt Sarraentogeiiin'’ 

37 Afroside-;3 anh\ drogenm acc- 

tate"* 

38 Oiiabagenin' 


Cardiac Glycosides 
235 (150), 325 (175), 415 (110), 
480 (95) (I) 

235 (270), 340 (240), 420 (240), 
485 (230) 

315 (180), 420 (140), 500 (310) 
(I), 530 (360) 

235 (210) (I), 315 (275), 415 
(185), 495 (430), 530 (505) 
235 (85) (I), 320 (190), 495 (210) 
(I), 530 (280) 

235 (95) (I), 320 (230), 495 (240) 
(I), 530 (305) 

235 (140) (I), 310 (285), 500 
(385) (I), 530 (475) 

230 (235), 320 (130) (I), 390 
(295), 480 (160) 

230 (195), 320 (105) (1), 390 
(280), 490 (165) 

235 (215), 325 (120), 390 (260), 
480 (180) 

230 (260), 320 (225), 390 (305), 
490 (210) 

320 (195), 390 (380), 490 (215) 
230 (185), 310 (175), 390 (315), 
480 (230), 560 (120) 

235 (520), 340 (170) (I), 360 
(205) 

235 (295), 355 (250) 

240 (450), 325 (215), 515 (80) 
240 (195), 325 (220), 420 (130) 
255 (160), 327 (425), 420 (85) 
(I), 530 (95) 

295 (260), 505 (315) 

Cardiac Aglycones and Derivatives 
235 (320), 350 (290), 410 (270) 
355 (170), 420 (280) 

235 (370), 345 (290), 415 (270) 
230 (180), 350 (530), 420 (50) 
235 (405), 350 (275), 410 (220) 

235 (430), 350 (300), 415 (185) 

225 (230) (I), 315 (420), 415 
(120), 510 (400) (1), 540 (440) 
235 (370), 350 (240), 420 (270) 
230 (410), 320 (310), 390 (350), 
485 (110) 

230 (330), 320 (350), 390 (100), 
490 (70) 

315 (150), 390 (450), 485 (160) 
230 (415), 320 (410), 390 (140) 
230 (350), 320 (120), 390 (360), 
520 (100) 

230 (380), 315 (230), 390 (260), 
500 (80) (I) 

230 (160), 310 (130), 390 (210), 
425 (190) (1), 490 (85) 

230 (460), 415 (430) 

230 (230), 415 (410) 

230 (240), 340 (95) (I ), 360 (120) 

240 (510), 295 (190) (1), 420 
(125) (I), 510 (210) 


285 (90), 375 (90) 

265 (175), 375 (215), 440 (165) 

255 (115), 360 (115), 445 (120) 

260 (150), 375 (140), 430 (IGO), 
510 (405) 

260 (150), 400 (30) 

240 (75), 390 (40) 

265 (105), 390 (100) 

255 (105), 430 (105) 

260 (95), 360 (105), 440 (105) 

265 (95), 340 (110), 440 (105) 

265 (110), 340 (130), 430 (130) 

260 (100), 345 (130), 440 (140) 
220 (170), 255 (95), 335 (160), 
460 (180), 640 (105) 

270 (60) 

270 (40) 

215 (270), 295 (170), 365 (45) 
270 (90), 370 (60) 

230 (125), 270 (145), 390 (40) 

230 (110), 330 (70) 


270 (115), 385 (200) 

260 (85), 385 (130) 

260 (95), 385 (170) 

265 (25), 390 (15) 

260 (135), 385 (160) 

260 (120), 375 (130) 

260 (140), 365 (90), 430 (105) 

215 (250), 270 (105), 395 (175) 
260 (95), 340 (100), 430 (90) 

260 (75), 340 (45), 410 (40) 

250 (95), 340 (105), 430 (85) 
215 (390), 260 (130), 350 (85) 
260 (75), 345 (100), 450 (80) 

260 (100), 350 (125), 430 (80) 

250 (45), 345 (85), 470 (75) 

215 (360), 270 (75) 

275 (60) 

260 (45) 


375 (75) 


S<iuicc-. of material o Sandor A C. Base! ' B irroushs IVellcomc K. Co (A'lst ) I td Sj dnej . Aostnii i e Burrom,li' 
Wellcome K. Co Nentort N V a nepartment of Pharmaej Unnersit> of Sjdnej S>dnc> Australia 
« The fiKuresin parentheses refer to the TCl'^ 1cm) value at the vvavelcnKth slated 
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DISCUSSION 


In the present series of compounds, there is little 
difference between the absorption spectra of glyco- 
sides and of aglycones. Thus, the spectra of 
digoxin (No. 11) and gitoxin (No. 4) are very similar 
to that of their respective aglycones, digoxigenin 
(No. 28) and gitoxigenin (No. 26). Any differences 
are in intensity rather than in the positions of the 
maxima. It would appear, therefore, that the 
absorption maxima in sulfuric acid are due prin- 
cipally to the steroid aglycone and the groups sub- 
stituted in this nucleus. Comparison of the spectra 
of digoxigenin (No. 28) and diacetyl digoxigenin (No. 
29), and of digitoxigenin (No. 30) with digitoxigenin- 
3-one indicates tliat acetylation of hydroxyl groups 
or their oxidation to ketone has little effect upon the 
absorption spectra. 

In ethanol, the A™’ unsaturated lactone of the 
C-17 cyclobutenolides absorbs at 217 m^i [range 
215 to 218mfi (6)], while compounds in which this 
double bond has been reduced do not show absorp- 
tion in this region. In sulfuric acid, the unsaturated 
butenolides examined all showed absorption at 235 
mp (230 to 240 mp). The absorption spectra of 
each of the three 20,22'dihydro derivatives examined 
in the present study [20,22-dihydrodigoxin (No. 12), 
20,22-dihydro-digitoxigenin (No. 21), and 20,22- 
dihydro-digoxigenin (No, 30 )[ do not show an 
absorption band at 235 mp, but each spectrum does 
show other absorption maxima corresponding to 
those present in the corresponding unsaturated 
cyclobutenolide. It would appear that the absorp- 
tion maximum at 235 mp can be assigned to the cyclo- 
butenolide ring, the maximum being shifted from 217 
mp in ethanol to 235 mp in sulfuric acid. 

The absorption maxima of the present series of 
compounds in sulfuric acid appear to be dependent 
on the position and nature of groups substituted in 
the aglycone nucleus. These spectra can therefore 
assist in differentiating between small amounts of 
closely related aglycones or aglycones derivatives. 
For example, while the R/ values of digoxigenin 
(a 3/3, 12/3, 14/3 trihydroxy compound) and sannen- 
togenin (a 3^, 11 a, 14ff trihydroxy compound) arc 
similar in a number of paper chromatography 
systems, the sulfuric acid absorption spectra are 
quite different, and microgram amounts of these 
aglycones have been distinguished by this latter 
procedure (7, 8). 


The absorption spectra in sulfuric acid of the 
digitalis glycosides provide a convenient method for 
distinguishing between members of the A (digitoxi- 
genin derivatives), B (gitoxigenin derivatives), or C 
(digoxigenin derivatives) series of glycosides. It is 
evident that wavelengths of absorption maxima 
depend on the number and position of nuclear 
/'hydroxyl groups attached to the aglycone nucleus, 
/ and any sugar residue at C-3 only modifies peak 
k intensity. Table II records the absorption maxima 
N of digitalis glycosides and aglycones of the A, B, and 
'' C series. 


The A series compounds (with 3^, 14ff hydroxyl 
groups) may be distinguished by maxima at 360 
and 415 mp, the B series by strong maxima at 490 
and 530 mp, and the C series by maxima at 320 
and 390 mu. 


Table II. — Absorption Ma.xima of Digitalis 
Glycosides and Aglycones of A, B, and C Series 
IN Sulfuric Acid 


Digitalis 

Series 


Absorption Maxima, 

A series 

235 

350 415 

B series 

235 

320 415 490 i 

C series 

235 

320 390 


It is interesting to note that the prominent 
maxima at 490 and 530 mp which are characteristic 
of the B digitalis series, are absent in the spectrum 
of •'’-dianhydrogitoxigenin (No. 27). The spec- 
trum of this compound resembles rather that of the 
A series (3ff, 14ff hydroxyls) with maxima at 235, 
350, and 420 mp. It would appear then that the 
prominent B series maxima at 490 and 530 mp are 
dependent on the presence of a C-16 hydroxyl 
group. 

The absorption spectra recorded tiventy-four 
hours following solution in sulfuric acid generally 
indicated only slight changes in maximal absorp- 
tion values. However, the following differences 
were observed. After twenty-four hours, the 
spectra of afroside acetate (No. 14), afroside /3- 
anhydrogenin acetate (No. 37), and gomphoside 
acetate (No. 15) had developed maxima at 300 mp, 
E(l%, 1 cm.) 260, 130, and 250, respectively, and the 
previous maxima at 340 and 360 rap had disappeared. 
After twenty-four hours digitoxigenin-3-one (No. 
23) developed a maximum at 290 E(1 %, 1 cm. ) 215 and 
the maximum at 350 mp had disappeared. The 
maximum at 390 mp for both digoxigenin (No. 28) 
and digoxigenin diacetate (No. 29) increased con- 
siderably during twenty-four hours from initial 
£(1%, 1 cm.) values of 350 and 100, respectively, to 
530 and 430, while the 320 mp maximum of both 
compounds decreased to E(l%, 1 cm.) 180 and 130, 
respectively. 


SUMMARY 

The absorption spectra of 38 cardiac glycosides, 
aglycones, and aglycone derivatives in 98 per 
cent sulfuric acid have been determined from 210 
to 600 mp. The presence of an absorption peak 
at 235 mp (range 230-240 mp) indicates the 
presence of a cyclobutenolide group. The use of 
sulfuric acid absorption spectra may assist in 
distinguishing between the A, B, and C series of 
digitalis glycosides and aglycones. 
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hi Vitro Antibacterial Activity of Oils from 
Indian Medicinal Plants I* 

By C. L. CHOPRA, M. C. BHATIA, and I. C. CHOPRA 


In vitro antibacterial activity of nine essential 
oils and one fixed oil obtained from Indian 
medicinal plants was determined using a 
filter paper disk method. The oils were tested 
against various Gram-positive and Gram- 
negative organisms. All the oils tested were 
found to be effective against one or more test 
organisms. 

Q OJiE VOLATILE principles from Indian medicinal 
plants have long been used for the treat- 
ment of infective diseases, both local and sys- 
temic. Some of the essential oils isolated in this 
institute and their antimicrobial activity by serial 
dilution method have been reported earlier 
(1-5). Maruzella, et al. (6-9), reinvestigated 
some known oils, singly and in combination, for 
their antibacterial activity by filter paper disk 
method. The present communication deals with 
antimicrobial activity of some further es- 
sential oils and one fixed oil from the following 
medicinal plants by filter paper disk method. 

Artemisia absinthium Linn. {Compositae) , 
-Absinth. — The herb is an aromatic tonic and 
formerly enjoyed a high reputation in the treat- 
ment of debility and disorders of the digestive 
organs. It is prescribed in the form of a poultice 
as an antiseptic and discutient. 

Cednis deodara (Roxb.) Loud syn. C. libani 
Barrel var. Deodara Hook f, (Pinaceae), Hima- 
layan cedarwood. — In ancient systems of 
medicine all parts of the plant were considered 
useful in belching, inflammations, fever, urinary 
discharges, bronchitis, itching, tuberculous 
glands, ophthalmia, piles, etc. The oil was con- 
sidered useful in bruises and injuries to joints, 
boils, tubercular glands, and skin diseases. 

Ferula jacschkeana Vatke (Umbelliferae). — The 
gum-resin is applied to wounds and bruises by 
the inhabitants of Kurram valley. 

Origanum vulgare Linn. (Labiatae) Marjoram. — 
The plant was considered useful in inflammations, 
catarrh, ear infections, bronchitis, and asthma. 

Finns cxcclsa \\'all. syn. P. grifeithi M'Clell 
{Pinaceae).- — The plant was considered useful 
in opthalmia, liver troubles, chronic bronchitis, 
and griping. The seed oil is highly esteemed for 
its stimulating and healing powers when applied 
as a dressing to wounds and ulcers. 


* Received Xovember 23. from the RcRi«»nal Re- 

search l.aboratory, Jammu (Kashmir), India 

The authors acknonledge the technical assistance of S X. 
Kak. 


Finns longifolia Roxb. syn. P. ro.xburghii 
Sargent {Pinaceae), Long Leaved Pine. — The 
plant was considered useful in diseases of the eye, 
ear, throat, skin, bronchitis, ulcers, inflammations 
and itching, asthma, urinary discharges, and 
tuberculous glands. 

Punica granatum Linn. {Punicaceae) Pome- 
granate. — The Hindu and Greek systems of 
medicine consider the herb and seeds to be useful 
in bronchitis, sore throat, and stomatitis. The 
rind of the fruit is employed as anthelmintic and 
in diarrhea and dysentery. The fresh juice of 
the fruit is used as an ingredient of some mixtures 
considered useful in dyspepsia. 

Saussurea lappa Clarke {Compositae) Costus.— 
The root is bitter, sweetish, and pungent, and 
enjoys a reputation as aphrodisiac and alterative 
and as a cure for leucoderma, erysipelas, itching, 
ringworm, bronchitis, and scabies. According to 
Greek medicine the root cures diseases of the liver 
and kidneys, pain in the chest, asthma, cough, 
inflammations, ophthalmia, and old fevers. 
The Chinese considered the root to be carminative 
and stimulant. 

Zanthoxylum alatum Roxb. {Rntaceae). — The 
fruit is reputed to cure pain, tumors, abdominal 
troubles; is considered useful in eye and car 
diseases, leucoderma, asthma, and troubles of the 
spleen. 

EXPERIMENTAL 

The detection of the antibacterial activity "f 
various oils was made by observing their effects on 
the cultures of the following ten organisms: 
Escherichia coli. Staphylococcus aureus, Atrohacter 
aerogenes. Salmonella typhosa, Salmonella paratyphi, 
Salmonella typhosa vi. Shigella flexneri, Proteus 
vulgaris, Klebsiella pneumoniae, Pseudoiuouas 
aeruginosa. 

Vincent’s method as described by Mtiruzell.i, 
et al. (6), was used for determining the presence nr 
absence of antimicrobial activity. Eighteen-hour 
cultures were used for seeding 2% nutrient agar used, 
for the tests. Sterile disks of 12..5-mm. diameter \ 
were saturated with the oil and placed on the seeded 
agar. The presence of definite zones of iidiibition of 
any size indicated positive antimicrobial activity. ^ 
For measuring the size of the zones, the filter paper 
disks were removed and diameter of the zones show- 
ing no growth after twenty-four hours of incubation 
were measured to the nearest millimeter by means of 
a divider, the plates being suiL-ibly illuminated in 
Quebec colony counter. All tests were conducted ui 
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Table I — -Antibacterial Activity or Oils from Medicinal Plants" 


Zone«5 of Inhibition, mm 






Aero- 









Part from 



hacicr 


5 

s 

Sh 


Kl 

Ps 

1 

Which Oil 

i: 

Staph 

<iero“ 

5 

para- 

lyphosa 

Jlex 

Pr 

Pneu- 

aerti- 

Plants 

Was Extracted 

coll 

auretts 

genes 

typhosa 

Is phi 

Vt 

lien 

villearis 

moniae 

ginosa 

A absinthium 

Whole plant 



13 





13 

13 

14 

C deodara 

Leaves 

28 


13 



15 

28 

13 

14 

13 

C deodara 

Wood 

15 


13 





13 

13 

13 

F jaeschkeana 

Root 



13 





13 

13 

14 

0 vulgare 

Whole plant 



17 





14 

16 

14 

P. longifoha 

Leaves 

20 

17 

14 


18 

13 

14 

13 

13 

14 

P. excelsa 

Leaves 


25 

13 


24 


40 

21 

13 

13 

P. granatum 

Seeds 




15 

16 


14 


13 


(fixed oil) 

5 lappa 

Root 


17 

14 




25 

13 

14 

14 

Z alatuni 

Whole plant 

13 


17 


14 



15 

16 

13 


<* Measurements recorded are the averages of six separate tests 


triplicate, with two disks per plate, each reading 
being an average of six observations In no instance 
was complete clearing of the plates observed See 
Table I 

The essential oils used in the investigations were 
prepared by steam distillation of the dried plant 
material The oils were separated from the aqueous 
layer and the remaining portions of the distillate 
saturated with sodium chloride They were then 
extracted with ether and the ether distilled off 
The oils so obtained were mixed with the oils already 
obtained and dehydrated 

Fixed oil was obtained by extracting the pow- 
dered seeds with petroleum ether in a Soxhlet ex- 
tractor The extract was decolorized by animal 
charcoal. The petroleum ether was distilled off 
and the oil so obtained was used for antibacterial 
investigations 

The oils were iramediateb' placed in sterile test 
tubes and tested for sterility. Each oil was streaked 
on nutrient agar and Sabouraud’s dextrose agar 
slants and also inoculated in nutrient-broth tubes 
The tubes were incubated at 37° for five days All 
the oils were found to be sterile 

RESULTS AND DISCUSSION 

The table indicates that each of the ten oils 
tested possessed some antimicrobial activity on one 
or more of the organisms The essential oil from 
Pinus excelsa was found to be the most potent of the 
oils, giving wider zones of inhibition, though a com- 
paratively lesser species of bacteria were sensitive 
to it The essential oil of P longifoha affected the 
growth of maximum number of organisms and was 
the next in order of potency The oil from the 
leaves of Cedrus dcodara also inhibited seven organ- 
isms, exhibiting quite large zones of inhibition in 
case of £ coU and Sh flexnen All other oils are 
relatively less potent. 

/^Investigations carried out by Maruzzella and 
/ Lichtenstein (6) show that, generally, fixed oils 
exhibit no antibacterial activity whatsoever whereas 
.^present studies show the fixed oil obtained from the 
seeds of P. granatum possess some antibacterial 


activity against .S' lyphosa, S paratyphi, Sh flexitcn, 
and Kl pnenmomae This oil is not as potent as 
some of the other essential oils but its activity 
appears to be better than the essential oils of A 
absinlhittm and F jaeschkeana 

No correlation could definitely be established 
between the antibacterial activity of the essential 
oils and their reputed use in the ancient systems of 
medicine For example, in the medicinal uses of 
5 lappa no particular infectious disease has been 
mentioned but it still exhibits antibacterial activitv 
against 5 aureus, Aerobacter aerogenes, Sh flexnen 
Pr vulgaris, Kl pneumoniae and Ps aeruginosa 

SUMMARY 

1 Nine essential oils and one fixed oil from the 
Indian medicinal plants alleged to have some 
therapeutic value were tested for their in vitro 
antibacterial activity against ten common organ- 
isms using the filter paper disk technique 

2 The essential oil obtained from the leax'es of 
P. excelsa was found to be the most potent one 
Next in order of potency are P longifoha, C 
deodara, and 5 lappa The remainder of the 
essential oils were comparativelj'^ less potent 

3 Fixed oil from the seeds of P granatum ex- 
hibited inhibitory zones against 5 lyphosa, 
S. paratyphi, Sh flexneri and Kl pneumoniae 
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Metabolic and Morphological Changes Induced 
by Gibberellic Acid on Spearmint* 

By EDWARD E. GONZALEZf and GUNNAR GJERSTAD 

The influence of gibberellic acid on the growth of spearmint and on the production 
of the volatile oil has been studied. Spearmint plants treated once throughout their 
growth period with foliar sprays of gibberellic acid in a concentration of 50 p. p. m. 
displayed a 2 58 per cent increase in linear growth. The experimental plants de- 
veloped a very thick, wood-like stem which had an extended xylem region and 
missing ribs. An increase in dry matter and a decrease in water content of the 
tissues were found. Gibberellic acid treatment decreased percentagewise the 
amount of volatile oil hut did not alter its carvone content. The oil met all N. F. 
standards. A decrease in total chlorophyll content was found. 


I 


S INCE the discover)' by Kogl in 1934 of the 
plant growth hormones hardly any chemical 
has attracted the attention of so many plant 
researchers as have the gibberellins Although 
the effects of this group of substances which are 
the metabolic products of the parasitic ascomy- 
cete, GtbbereUa fujtkuroi, were described by 
Konishi as early as 1828 (1), it was not till 1938 
that a group of Japanese plant physiologists 
succeeded in isolating the main principle in a 
pure form Up to January of 1959 some 800 
publications on this subject had appeared 
Reference is made to excellent review articles by 
Stodola (1) and Stowe and Yamaki (2) 

Reviewing the literature up to 1957, when our 
research started, we failed to find any publication 
relating to the study of the possible effect of 
gibberellic acid on drug plants Wc were in- 
terested in testing whether or not gibberellic 
acid would affect drug quality by altermg the 
amount of active ingredients present We chose 
spearmint for our study because apparently no 
volatile oil containing plants had been studied 
in this regard and because preliminary screening 
of various species and genera of drug plants in 
our drug garden indicated that Mentha spicala L 
showed the greatest response to gibberellic acid 
Specific objectives of the present study were 
(n) to ascertain whether gibberellic acid would 
bring about any change in the amount of v'olatile 
oil in spearmint, (6) to establish if the percentage 
of carvone in the oil would be altered, and (c) 
to determine if any macro- and/or micromorpho- 
logical changes are effected by gibberellic acid 

EXPERIMENTAL 

Materials and Methods. — Preliminary tests with 
gibberellic acid were started in the fall of 1957 and 
continued through the spring of 1958 In order to 

• Received Xo\ ember 7. 195^, from the College of Phar- 
macy, The UniNcrsity of Texas. Austin 12 
t Recipient of Kilmer Prize for 

Presented to the Scientific Section, A Pii A , Cincinnati 
meelins, August 


ascertain that the results were reproducible, the 
main experiments were repeated during the 195S- 
1959 growing season 

Spearmint plants used in this study were grown in 
pot cultures under carefully controlled greenliou'^c 
conditions The plants were propagated from stol- 
ons obtained from authenticated spearmint plants 
cultivated for several years in the University of 
Texas drug garden ■ Tliree-ineh-long stolons were 
planted about two inehes deep in 6-inch day pots 
containing soil composed of three parts of sandy loam 
and one part of sheep manure, because soil analyses 
indicated that organic fertilization was necessary 
Forty-one days after planting, the young spearmint 
plants had attained a height of approximately two 
inches, and were transplanted to bigger pots con- 
taining the same type of enriclied soil After the 
plants had reached a height of about five inches, 00 
pots were selected for study and divided randomly 
into two equal groups One group w'as kept as a 
control, while the other was treated with a freshl) 
prepared aqueous solution of gibberellic acid* (50 
ppm) prepared with a few drops of ethanol as 
solubilizer The solution was administered in the 
form of a mist to the leaves and tops by use of a con- 
ventional spray gun Each of the treated plants 
rcceiv'cd approximately 6 5 ml of solution. After 
120 days another spray' of identical strength was 
applied 

In order to make sure that the plants received the 
proper nourishment for maturation and also in an 
attempt to av'oid the chlorotic condition, observed 
in preliminary experiments, the soil was saturated 
every third week with nutrient solutions of the fol- 
lowing eompositions 


Modified Hoagland’s Solution 


Ca{NO,).-4HjO. . . . . 9 44 Gm 

KNO3 . 4.00 Gm 

MgSOi-FHoO 9 80Gni 

NHiH-PO,.. 4 00Gin 

Distilled H.O to make • 8,000 cc. 


Solution of Trace Elements 


CuCl2-2H-.0 0 05Gm. 

H3BO3 . . . . 2 OG Gm. 

Mn Cl- •411-0 1 81 Gm 

ZnCl,-2H-0 0 11 Gm 

Distilled H-0 to make . 1,000 cc. 


\ 


■ Kintll> furnished by Dr C C Albers, Uniicrsil) 
Texas Austin 

* Kindly supplied liy Dr Curt Ltbtn of I Ii I-ifb 
Indianapolis, Ind 
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Growth Effects. — The spearmint plants were ob- 
serv'ed every week for specific growth effects. At 
various intervals throughout the growth period the 
height of each plant was measured from the base of 
(he stem to the growing tip of the plant (Table I). 
In the preliminary experiments as well as in the 
second growing season, a demonstrable difference 
between the treated and the untreated plants could 
be noted twelve days after treatment 


Table I. — Increases in Height of Gidbbrellin- 
Trbated Spearmint Plants 


Date Measured 

Growth, % 

December 10, 1958 

a 

December 19 

41 

Januar3^ 

7, 1959 

159 

January 

14 

185 

Februarj^ 

11 

258 

March 

4 

174 

April 

9 

126“ 

May 

6 

157 

June 

3 

137 


a Treated with 50 p p m 


The most pronounced physiological response was 
a remarkable increase in height due mainly to an in- 
crease in length between the internodes of the stem 
(Fig. 1) Compared with the controls, the treated 
plants displayed increases in height of about 41% 
after two weeks and appro.ximately 258% after nine 
weeks (Table I). Most of the treated plants de- 



Fig. 1. — Growth effects on Mcnllia spicala twenty- 
five weeks after the first treatment with gibberellic 
acid (50 p. p. m.). Left, first three plants were 
treated twice. Right, control From left to right 
the plants measured 132, 120, 124, 3S, 41, and 34 cm. 


veloped initially very thin, thread-like stems which 
exhibited vine-like characteristics Most of tliese 
elongated stems thickened as the plants matured, 
however, into reddish purple main stems which were 
very hard and rough, longitudinally ivrinkled, and 
irregular in shape (Fig 2) The main stems of the 
treated plants showed from four to six times greater 
diameter than those of the controls Also, an in- 
crease in lateral branching from the main stem was 
observed 

It was noted that the individual leaves of the 
treated plants had less surface area and less succu- 
lent growth than those of the controls. Unlike the 
lamina of the controls which were ovate in shape, 
those of the treated plants were almost oblanceolate, 
rougher, longer, thinner, and appeared slightly chlo- 
rotic. In general, the treated plants did not appear 
to be as normal or healthy looking as the controls 
There was no evidence that gibberellic acid could 
induce spearmint plants to initiate flower primordia 

Another noteworthy response was that the treated 
plants appeared to be more susceptible to insect at- 
tacks A similar observation has also been reported 
by Smith and Sciuchetti (3) Our plants were re- 
peatedly attacked by microscopic spider mites of the 
Telranychidae famil}', which could be controlled 
with aqueous solutions of Destru.xol, a commercial 
insecticide containing nicotine 0 6%, ammonia 0.8%, 
pine oil 5 5%, emulsified in mineral oil 



Fig 2. — Effect of gibberellic acid on the stems of 
Mentha spicata. Left, stem from an untreated plant; 
right, stem from a plant treated twice with .50 p. p 
m gibberellic acid. Both stems are approximately 
six months old. The ratio of stem thickness is 16:3 
in favor of the treated plants. (Two-thirds natural 
size.) 
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Fig 3 — ^Transverse sections of the stems of 
Mcr.tha spicata. Top photograph, control; Bottom 
photograph, treated (50 p p in.). X'ote that the 
parenchyma cells in pith of the sections arc larger in 
the control, but more numerous in the treated. 
Photomicrograph, X27. 


Influence on Histology. — The inorphologv of tlic 
stem diflcred in tliat the \ylem and cambium zonc'. 
of the untreated stems are rectangularly sliapcd 
uhile those of the treated are more circular (Fig 3) 
.\s will be noted, the pith cells are larger in the con- 
trols but more numerous in the treated ones, the 
\} leni tissue of the controls covers one-third of the 
area of the treated, and the ribs are missing in the 
experimental plants The ratio of stem thicincss is 
16 3 in favor of the treated plants 

Harvesting. — It has been shown in the case of 
peppermint, that the volatile oil concentration 
reaches its peak at the start of flon ering (4) Under 
the assumption that the same holds true for spear- 
mint. harvesting was done when most of the plants 
were beginning to bloom The plants were har- 
vested in the laboratory in order to prevent unavoid- 
able loss of water and volatile oil during transport 
The plants nere cut at soil level, rapidly weighed 
individually, and placed in extraction vessels 

METHODS OF ANALYSIS 

Water and Oil Determinations. — -The plants ncre 
anab’zed for water and volatile oil content accord- 
ing to the official methods in U. S P XV (5), and 
N F X (6), respectively The results are presented 

in Table II 

Carvone Analysis. — The analysis of the carvonc 
content m the spearmint oil was determined by 
ultraviolet absorption using a Beckman spectropho- 
tometer model DU, in substance according to the 
procedure of Reitsema and Faas (7) All carvonc 
determinations were performed at 320 mp using a 
()323-mm slit width and 1-cin silica cells 

Before the oil was subjected to carvone analjsis. 
It was carefully dried with anhydrous sodium sul- 
fate A sample of 0 10 ml of spearmint oil was 
then measured with a Kahn’s blood capillary pipet, 
and diluted with 15 ml of methanol A R 
prepared solution w-as then analyzed spectrophoto- 
metrically, and the corresponding per cent of car- 
vonc (Table II) was read from a prepared standard 
curve (Fig 4) 

Refractive Index. — Since the refractive index is 
one of the best physical identity tests for volatile 
oils, this constant of the spearmint oil was deter- 
mined according to the official method (6) The 
control oil showed a [«] of 1 4897, whereas that of 
the treated plants was established at 1 4906 Both 
X allies fall within the official range (6) 



Fig 4 — Calibration curve of 1-carvone lO 
methanol measured at 320 m/i. 
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Table II.- — Analysis or ^^^ATER, Volatile Oil, and Carvone Contents of 

Spearmint Plants 


' Date of ' Water, % , — -Volatile Oil, % — . , Carvone, % 

, Harvest Co To C T C T 

/ Junes S2.25 61 15 0 613 0 433 56.10 57 50 


o C, control, T, treated 


Chlorophyll Analysis. — No quantitative analysis 
of the total chlorophyll content was performed since 
pure chlorophyll t\as not available. However, the 
total chlorophyll a and b contents of the leaves of 
treated and control plants were extracted according 
to a modified A. O. A. C. method (8), and the ab- 
sorption of the solutions was measured in a Beckman 
spectrophotometer, model DU, using ultraviolet 
light source at a wavelength of 472 m/n. The trans- 
mittance value of the control solution was 44.8% 
higher than in the treated plants, indicating that 
the chlorophyll concentration in the experimental 
plants is decreased 

SUMMARY AND CONCLUSIONS 

Preliminary experiments indicated that the 
applied concentration of gibberellic acid was not 
critical to ascertain demonstrable effects, inas- 
much as no significant difference of response was 
observed after use of 10, 50, or 100 p. p. m. 

The most conspicuous morphological response 
was the increased height of the treated plants, 
which became so weak that it was necessary to 
support them in order to keep them upright. 

Spearmint plants treated with a solution of 
gibberellic acid (50 p. p. m.) showed the follow- 
ing responses: 

1. A maximal increase in linear growth of 
258 per cent. 


2. A thick, red, round stem was developed bj’ 
most of the treated plants. 

3. The leaves were morphologically affected, 
developing less surface area and an oblanceolate 
shape. 

4. Histologically, the pith cells were smaller 
and more numerous, the xylem area was larger 
and the ribs were missing 

5. A significant decrease in water content and 
a corresponding increase in dry iveight were 
established (21.1 percent) 

6. A decrease in volatile oil production was 
found, but there were no significant changes in 
oil composition. 

7. Gibberellic acid decreases the concentration 
of total chlorophyll. 
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Note on the Synthesis of Dihydroresorcinol* 

BY BERNHARD ESCH and HOWARD J. SCHAEFFER 


T he preparation of dihydroresorcinol has pre- 
viously been accomplished b}- a variety' of pro- 
cedures. A high pressure hydrogenation at 50° of 
resorcinol has been described (1) in which yields of 
85-95^ may be obtained. A convenient synthesis 
for the preparation of dihydroresorcinol in an 85% 
yield by the low pressure, catalytic hydrogenation at 
room temperature of resorcinol using a 5% rhodium- 
on-alumina catalyst in the presence of sodium hy- 
droxide has been developed. It has also been ob- 
served that the hydrogenation could be performed 
with a palladium-on-charcoal catalyst, but in this 
case no more than 82% of the theoretical amount of 
hydrogen was absorbed and the y'ields of the isolated 
product were in the 50-60% range. 

EXPERIMENTAL 

Using a S% Rhodium-on-Alumina Catalyst. — To 
a solution of 1.46 Gm. of sodium hydro.xide in 100 
ml. of water was added 3 22 Gm. (29.2 mil/) of 
resorcinol followed by 345 mg. of a 5% rhodium-on- 
alumina catalyst.' The mixture was hydrogenated 
overnight at an initial pressure of 60 psi and at 
room temperature, during which time the theoretical 
amount of the hydrogen was absorbed. The cat- 
alyst was removed by filtration, and the cooled fil- 
trate was made acidic (pH 1-2) with concentrated 
hydrochloric acid, saturated ivith sodium chloride, 
and extracted with ethyl acetate (5 X 50 ml.). 
The combined organic extracts were dried with 
anhydrous magnesium sulfate, filtered, concen- 

• Received August 22, 1900, from the Department of 
Medicinal Chemistry, School of Pharmacy. The University of 
BufTalo. Buffalo. N. V. 

‘ Available from Engelhard Industries, Inc., Newark, N. J. 


trated in vacuo, and gave 3.08 Gm. (94.3%) of crude 
dihydroresorcinol, m. p. 98-102°. The product 
was purified by sublimation at 0.5 mm. from an oil 
batli at 90°; y'ield, 2.82 Gm. (85.2%); m. p. 103- 
105°. The melting point was not depressed when 
the product was mixed with an authentic sample of 
dihy'droresorcinol and the infrared spectrum of the 
product was identical with that of an authentic 
sample of dihydroresorcinol. 

Using a 5% Palladium-on-Charcoal Catalyst. — To 
a solution of 2.52 Gm. of 85% potassium hydroxide 
in 100 ml. of water was added 3.30 Gm. (30 mil/) of 
resorcinol followed by 307 mg. of a 5% palladium- 
on-charcoal catalyst.' The mixture was hydrogen- 
ated at an initial pressure of 60 psi. and at room 
temperature, but even after twenty-four hours no 
more than 82% of the theoretical amount of the hy- 
drogen was absorbed. The catalyst was removed b)’ 
filtration; the filtrate was taken to pH 5 with hydro- 
chloric acid and then excess sodium bicarbonate was 
added. The solution was extracted with ethyl ace- 
tate (3 X 50 ml.) to remove the unchanged resor- 
cinol; the aqueous layer was then made strongly 
acidic with concentrated hydrochloric acid and ex- 
tracted with ethyl acetate (3 X 50 ml.). The 
combined organic extracts were dried with anhy- 
drous magnesium sulfate, filtered, evaporated in 
vacuo, and gave 1.99 Gm. (59.4%) of the desired 
product, m. p. 103-108°. If desired, purification 
may be accomplished by sublimation as previously 
described. 
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Book Notices 


Pharvialologic Bj \ on Knud O M0ller 
Benno Sch^\abe & Co , Verlag, Basel, Stuttgart, 
1958 A\ailable in the U S from Interconti 
nental Medical Book Corp , 381 Fourth Ave , 
Ne\\ York 16, N Y 902 pp 17 X 24 5 cm 
A comprehensive textbook and reference volume 
fm German) on pharmacology A bibliography of 
67 pages, a separate index referring to definitions of 
terms m the text, and a general subject index are 
appended 

General Endocnnologv 3rd ed By C Donnelp 
Turner W B Saunders Co , Wes*^ Washing 
ton Square, Philadelphia 5, Pa , 1960 xi + 
511 pp 15 5 X 23 5 cm Price S9 50 
Endocrinologj^ is presented by the author from 
the experimental rather than the applied vien point 
Almost all the clinical references in the earlier edi- 
tions have been deleted and more comparative 
material added in this edition A short section on 
the structure and nomenclature of steroid hormones 
now introduces the chapter on the adrenal cortex 
The mechanisms of hormone action have been dis 
cussed as fully as present information permitted 

Chenncals, Drugs and Health By John H Foui,- 
GER Charles C Thomas, 301-327 East Lawrence 
Ave , Springfield, 111 , 1960 viii -f- 102 pp 13 5 
X 21 5 cm 

Some important situations faced bj' a “foreign” 
chemical when it tries to enter or has entered a 
living bod} are reviewed by the author This «as 
done to counteract apprehension that even ver} 
small amounts of nei\ chemicals may ultimatelv 
affect health due to dailv skin contact or inhalation 

Non Benzcnoid Arnmaixe Compounds Edited by 
David Ginsburg Interscience Publishers, Inc , 
250 Fifth Axe , Nexv York 1, N Y , 1959 xii -f- 
543 pp 15 X 23 cm Price $18 
Subejets covered by different authors are 
Aromaticity, C} clobutadiene and related com 
pounds. Compounds derived from cyclopentadiene, 
Pentalene and heptalene, Azulencs, Pathx\a}s to 
azulenes, Tropones and tropolones, Cyclooctatet 
raene, and Cyclopolyolefins Author and sub 
ject indexes are appended 

General Cytology 3rd ed By E D P DeRo 
^ BERTis, W W Now INSKI, and Francisco A 
Saez W B Saunders Co , West Washington 
Square, Philadelphia 5, Pa , 1960 xvi -f 555 
pp 15 5 X 23 5 cm Price SIO 
Morphologic, ph}siologic, and genetic aspects of 
modern cytology are stressed in this revision of the 
book A chapter on plant cells is one of five new 
chapters Cxtochemical techniques for cell study 
are correlated with the results obtained and with 
considerations of progress in this field 


Detoxication Mechanisms 2nd ed Bx’ R Tecw'xn 
Williams John Wiley & Sons, Inc , 440 
Fourth Ax»e , New York 16, N Y , 1960 x -F 
796 pp 14 X 21 cm Price S19 
The author feels that the subtitle “The Metabo- 
lism and Detoxication of Drugs, Toxic Substances 
and Other Organic Compounds” is a truer mdica 
tion of the content of this book The shorter title 
IS retained because it has become well known m the 
twelve years since the first edition appeared The 
manuscript for this edition w as completed in 1957 

Snbsidia Pharmaceiitica I, 1960 Supplement and 
Index of Names Compiled and edited by the 
Scientific Center of the Swiss Pharmaceutical 
Society, and published by the Societ}, Zurich, 
1960 514 pp 17 X 24 cm Ring binder, 

loose-leaf 

Substdia Pharmaceiitica I, a loose leaf compilation 
of pharmaceutical information, was first published 
in 1957 [for a review of the original work see This 
Journal, 47, 763(1958)] Supplements, issued 
periodically, extend the coverage of the xvork, and 
keep it up-to date 

The 1960 Supplement (m German) comprises 42 
pages and includes an excellent article on antihis- 
taminic drugs in xvhich the pharmacology and clinical 
uses are described, and a listing of names, structural 
formulas, and dosage forms of 43 such drugs is 
given Other Supplement articles describe a 
modification of a prescription laboratorx pressure- 
filtration apparatus suitable for filtering eye waters, 
a mobile drying and sterilizing cabinet, and two 
forms of disposable polystyrene and polyethylene 
molds for extemporaneously- preparing and dis- 
pensing suppositories in the same unit 
The 1960 Index of Names is a 466 page alpha- 
betic, cross referenced listing of international non- 
proprietarv names, names used by vanous phar- 
macopeias, chemical names, and brand names of 
drugs Tlie structural formula and principal phar- 
macologic category are provided for each drug 
Dr K Steiger-Tnppi, Director of the Saentific 
Center of the Swiss Pharmaceutical Society, and 
his editorial associates hax-e achieved commendably 
their objective of providing a x-anety of up-to date 
information useful not only to pharmacists in 
Switzerland but also to their professional colleagues 
throughout the xvorld 

Advanced Organic Chemistry 3rd ed By G M 
Wheland John Wiley & Sons, Inc , 440 Fourth 
Ave , New York 16, N Y , 1960 xi -f 871 pp 
15 X 23 cm Price $17 50 

The structural theory- of organic chemistry is 
stressed and topics of special theoretical significance 
are ineluded in the text This edition includes elec- 
tronic and nuclear magnetic resonance, confer 
matronal analy-sis, inclusion and charge transfer com- 
pounds, and the Hammett rho sigma relations 
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The Sational Formulary. 11th ed. Prepared b\' 
the Committee on National Formularj' under the 
supendsion of the Council, by authority of the 
American Pharmaceutical Association. Pub- 
lished by the American Pharmaceutical As- 
sociation, 1960. Distributed by J. B. Lippincott 
Co., East Washington Square, Philadelphia 5, 
Pa. .x.xxii -f 531 pp. 15 X 113 cm. Price 
U. S and Foreign, S9. 

The new National Formulary XI, which became 
ufficial October 1, 1960, represents the results of an 
ambitious revision program. Extension of the 
scope of N. F. admissions to new drugs that have 
achieved wide use by the medical profession, but 
which were not admitted into the companion 
edition of the U. S. P., reflects the advance in 
practical value of this official compendium. Among 
the 148 completely new items in N. F. XI are 
Acetaminophen (N-acetyl-/>-aminophenol) (Cat- 
egory — Analgesic and antipyretic) ; Amisometradine 
(Category — Diuretic); Antazoline Phosphate (Cat- 
egorj’ — Antihistaminic); Azacyclonol (Category — 
Psychotherapeutic agent); Benzestrol (Category — 
Estrogen); Benzpyrinium Bromide (Category — 
Parasympathomimetic) ; Benztropine Methane- 
sulfonate (Category — Parasympatholytic); Dextro- 
methorphan Hydrobromide ( Category — Anti- 
tussive); Diphemanil Methylsulfate (Categor}^ — 
Anticholinergic); and Diphenadione (Category — 
Anticoagulant). These items, selected from those 
listed alphabetically under the letters A, B, C, and 
D, indicate the wide therapeutic spectrum that is 
covered. In reverse alphabetical order this in- 
teresting story reads the same. Zinc has finally 
yielded last place in the monograph section to 
Zo.\azolamine (Category — Skeletal muscle relaxant; 
uricosuric). There are also Triacetyloleandomycin 
(Category — Antibiotic) and Rescinnaraine (Cat- 
egory — Tranquilizer; hypotensive). It is clearly 
evident that N, F. XI reflects the accelerated turn- 
over in materia medica. 

N. F. XI is bigger and better. It is Bigger — It 
contains S15 monographs (N. F. X had 733); 
it has 285 new items ( 137 from U. S. P. XV). It is 
Better — Its analytical procedures have been mod- 
ernized and include column and paper chromatog- 
raphy, ultraviolet and infrared spectrophotometry, 
radioisotope tracer analysis, and countercurrent 
extraction. Its new two-column format makes 
reading easier; the page-top guide facilitates its use. 
The General Information section includes a really 
useful discussion of ophthalmic solutions with 
procedural guides for extemporaneous preparation. 
An important increase is noted in the 42 X. F. 
Reference Standards (N. F. X had 10). hlost of the 
ngw reference standards arc required in spcctro- 
photometric analytical procedures. N. F, XI 
is smaller only in the number of pages. More 
material than ever has been included in 5G3 pages 
(N. F. X had 910 pages). This minor miracle was 
accomplished with the aid of experts at the Mack 
Printing Company. The two-column format, new 
type face, and style of arrangement is responsible 
for the elimination of much wasted space. 

The value of the N. F. to pharmacists and others 
in the health professions is stepped up considerably 
in this latest edition. 


British Veterinary Code.\ Supplement 1959. Pul)- 
hshed by direction of the Conncil of the Pharma- 
ceutical Society of Great Britain. The Pharma- 
ceutical Press, London, 1959. Obtainable in 
the U. S. from Rittenhouse Book Store, 1700 
Rittenhouse Square, Philadelphia 3, Pa. xviii 
-h 134 pp. 14.5X22.5 cm. Price 86. 

This supplement to the British Veterinary Code.x 
1953 brings this excellent publication up-to-date in 
relation to the B. P. 1958 and B. P. C. 1959. It 
includes 47 new monographs on drugs, cheniical.s, 
and related substances; antisera and vaccinc,s; 
and 35 additions to the formnlary section. A 
notice on B. V. C. 1953 appeared in This Journal, 
43, 317(1954). 

Handbuch der Papierchromatographie. Vol. 1. 
Grundlagen und Technik. Vol. 2. Bibliographic 
und Anwendungen. Edited by I. M. Hais and 
K. Macek, Veb Gustav Fischer Verlag, Jena, 
Germany, 1960. Vol. 1, xxiv -f- 860 pp. and Vol. 
2. xxiv -f 728 pp. 16.5 X 24 cm. Price Vol. 1, 
DM 58.40; Vol. 2, DM 44. 

Both volumes are divided into two main sections 
under General part and Specific applications. Vol- 
ume 1 has a third section devoted to reagents, ma- 
terials, and special methods. The books represent a 
comprehensive treatise on the subject. An English 
translation would be verj' useful. . 

Biochemical Preparations. .Yfili^7. Edited by 
Henry A. Lardy. John iViIey & Sons. Inc._, 440 
Fourth Ave., New York 16, N. Y., 1960. ix -t* 
102 pp. 15 X 23 cm. Price $5.25. 

Compounds included in Vol. 7 are; N-acetylncur- 
aminic acid, Adenosidc di- and triphosphates (P’9 
(chemical and enzyme syntheses), j3-Aminoisobutync 
acid, Carbamyl phosphate, ( — )-Camitine chloride, 
Cerebrosides, Coproporphyrin III tetramethyl ester, 
6 - Deoxy - 6 - fluoro - d - glucose, dihydroxyacetone 
phosphate. Flavin adenine dinucleotide (FAD), 
D-Fructose 1-phosphate (barium salt), 3-Hj'droxy- 
L-kjmurenine, HydroxypjTuvic acid phosphate. 
Methylmalonic semialdehy'de. Potassium dihydro- 
gen Ls(-t-)-isocitrate, S-Palmityl coenzyme A, 
Stearic acid, methyl stearate, and homologous com- 
pounds, Stigmasterol, Tetrahydrofolic acid (5,6,7,8- 
tctrahydropteroylglutamic acid). 

Chemotherapy in Emotional Disorders. By Fred- 
eric F. Flach and Peter F. Regan. McGrair- 
Hill Book Co., Inc., 330 West 42nd St., New York 
36. N. Y., 1960. xiv -f 314 pp. 15 X 23 cm. 
Price $10. 

The psychotherapeutic use of somatic treatments 
is systematically discussed so as to increase the 
effectiveness with ivhich clinicians in psychiatry and 
other fields of medicine employ physiological treat- 
ments. Particular emphasis is given to the newer 
psychopharmacologic agents used in the treatment 
of patients with various emotional disturbances. A 
glossary of drug names, a bibliography of important 
books and articles related to the text, and an index 
arc appended. 
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